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PRESENTATION NUMBER: 1
SEPARATE REGULATORY VARIANTS AT GDF5-UQCC1 UNDERLIE
COMMON KNEE OSTEOARTHRITIS RISK AND DEVELOPMENTAL
DYSPLASIA OF THE HIP
T.D. Capellini 1, P. Muthuirulan 1, Z. Liu 1, A.M. Kiapour 2, J. Sieker 3,
D.E. Maridas 4, V. Rosen 4, M. Young 1. 1 Harvard Univ., Cambridge, MA,
USA; 2 Dept. of Orthopaedic Surgery, Boston Children’s Hosp., Harvard
Med. Sch., Boston, MA, USA; 3 Dept. of Pathology and Lab. Med., Tufts
Med. Ctr., Boston, MA, USA; 4 Dept. of Dev.al Biology, Harvard Sch. of
Dental Med., Boston, MA, USA
Purpose: In Europeans and Asians, a high frequency 130 kb haplotype
spanning the GDF5-UQCC1 locus harbors genetic variants that are
reproducibly associated with a number of prevalent skeletal diseases,
including common hip and knee osteoarthritis (OA) as well as developmental dysplasia of the hip (DDH). However, the causal variants for
each disease remain unknown. Here, we used a combination of functional genomic and genetic studies to pinpoint separate single base pair
regulatory changes that lead to relevant hip and knee phenotypes when
recapitulated in mice.
Methods: We ﬁrst used ATAC-seq to epigenetically proﬁle embryonic
human and mouse hip and knee chondrocytes in order to identify
accessible chromatin sequences. These sequences were subsequently
intersected DDH and knee and hip OA GWAS signals to identify putative
genetic variants of interest. We next used CRISPR-Cas9 to delete each
enhancer element in human chondrocytes and the mouse model, as
well as to generate separate mouse lines harboring a single base-pair
replacement of the each human risk variant. We used allele-speciﬁc
expression assays and chromatin immunoprecipitation to gauge how
each modiﬁcation inﬂuences Gdf5 and nearby gene expression. We
used histology, microCT followed by morphometrics to assess OA and
shape phenotypes.
Results: This approach highlighted a putative DDH variant (G to A) in a
growth plate/hip enhancer (GROW1), and an OA variant (C to T) in a
knee enhancer (R4). We next deleted each enhancer in human chondrocytes and mouse models, and found that the enhancers are required
for normal expression of GDF5/Gdf5 (but not nearby genes). Phenotypically, GROW1-/- mice had hip shape defects in the direction of
human DDH, while R4-/- mice had knee defects and developed OA, with
shape correlating with OA severity. We next tested the effects of the
single base pair GWAS risk variant in each enhancer using reporter
assays in human chondrocytes. Compared to non-risk alleles, each risk
allele (DDH “A”, knee OA “T”) markedly reduced GDF5 expression. To
test the effects of each risk variant in the most relevant experimental
mammalian anatomical and physiological context, we next used
CRISPR-Cas9 allelic replacement and knocked-in each disease-associated risk allele into the endogenous enhancers of mouse Gdf5. Both
GROW1A/+ or R4T/+ allelic replacement mice show lower Gdf5 expression
in chondrocytes from hips and knees, respectively. Phenotypically,
allelic replacement mice had hip (GROW1A/A) or knee (R4T/T) morphological alterations in the directions of effect of enhancer loss and DDH
and knee OA disease progression. In each humanized enhancer mouse
line, other hindlimb joints were largely unaffected, highlighting how
enhancer speciﬁcity links to disease etiology. Finally, we used chromatin immunoprecipitation followed by Mi-Seq on each enhancer
variant position and found that PITX1, a key transcription factor
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involved in hip/knee development and knee OA, was bound at each
enhancer in humans in vitro and mouse in vivo. Furthermore, risk variants reduced PITX1 binding in allelic replacement mice, thus revealing
a mechanism of action at each risk variant in the context of DDH and
knee OA.
Conclusions: Overall, these studies identify separate regulatory variants on the same haplotype, but in distinct enhancers, that underlie
common human joint diseases at the GDF5 locus. Similar methods may
help identify causal GWAS variants for other diseases, and produce
useful humanized mouse models for mechanistic and treatment studies. Supported by NIHAR070139.
PRESENTATION NUMBER: 2
EFFICACY OF KRILL OIL IN THE TREATMENT OF KNEE
OSTEOARTHRITIS: A 24-WEEK MULTICENTRE RANDOMISED
DOUBLE-BLIND CONTROLLED TRIAL
L.L Laslett 1, L.E. Scheepers 1, B.S. Antony 1, A.E. Wluka 2, C.L. Hill 3, 4,
L. March 5, 6, H.I. Keen 7, P. Otahal 1, F.M. Cicuttini 2, G. Jones 1. 1 Menzies
Inst. for Med. Res., Univ. of Tasmania, Hobart, Australia; 2 Dept. of
Epidemiology and Preventive Med., Monash Univ., Melbourne, Australia;
3
The Queen Elizabeth Hosp., Adelaide, Australia; 4 The Univ. of Adelaide,
Adelaide, Australia; 5 Kolling Inst., Inst. of Bone and Joint Res., Univ. of
Sydney, Sydney, Australia; 6 Dept. of Rheumatology, Royal North Shore
Hosp., Sydney, Australia; 7 Sch. of Med. and Pharmacology, Fiona Stanley
Hosp., Perth, Australia
Purpose: Elevated levels of systemic inﬂammation are common in
people with osteoarthritis and predict both pain and structural outcomes. Krill oil has anti-inﬂammatory properties and reduces severity
of inﬂammatory arthritis in mice by 50% compared to controls (Ierna
BMC MSD 2010;11:136). In humans, krill oil reduced knee pain and
function in two short, moderate quality randomised controlled trials
(RCTs) in people with osteoarthritis. However, evidence from longer
trials is lacking. Therefore, the aim of this study was to compare the
efﬁcacy of krill oil (2 g/day) versus placebo for treating knee pain in
patient with clinical knee osteoarthritis who have signiﬁcant knee pain
and effusion-synovitis.
Methods: The KARAOKE study was a 24-week multicentre, randomised,
double-blind, placebo-controlled trial conducted at 5 centres in Australia. Participants aged 40 years with symptomatic knee OA (assessed
according to American College of Rheumatology [ACR] criteria), signiﬁcant knee pain (deﬁned as a pain score 40 mm on a 100 mm visual
analogue scale [VAS]), and with any effusion-synovitis present on
screening MRI (grade 1 or more according to modiﬁed Whole-Organ
Magnetic Resonance Imaging Score (WORMS) scoring) were eligible to
participate. The study protocol and detailed exclusion criteria have been
published previously (Laslett et al. Trials 2020.21:97). Participants were
randomly assigned in a 1:1 ratio to receive 2 g/day of krill oil, (350 mg/g
of omega-3 content and 12 mg/g of total omega-6 content) or identical
placebo (mixture of vegetable oil containing no EPA or DHA, and less
than 5 mg/g (0.05%) of other omega-3s). The primary outcome was
absolute change in knee pain assessed using a VAS [0-100 mm] at 24
weeks. Secondary outcomes were: change in knee pain and function
assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score [0e500 mm]), change in back pain and
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hand pain assessed using a VAS [0e100 mm], change in lower limb leg
strength assessed using a dynamometer, and change in blood parameters (including CRP, triglycerides, fasting glucose and total, HDL, LDL
cholesterol), at 24 weeks. Linear mixed-models were used, adjusting for
baseline and using trial centre and patient identiﬁcation as random
intercepts and treatment month as a random effect to adjust for correlated data within trial centres and repeated measures and to allow
different treatment effects among patients over time, respectively.
Results: Of the 452 participants screened, 262 participants were
randomised (mean age 61.5 years, 53% females) to receive either krill oil
(n ¼ 130) or placebo (n ¼ 132). A total of 85% completed the trial. There
were no baseline differences between the 2 groups. Knee pain improved
in both groups over 24 weeks, but with no between-group difference
(krill oil, 20.1 mm; placebo, 19.3 mm, p ¼ 0.81) (Figure). Secondary
outcomes: knee pain and function score improved in both groups, but
with no between-group difference (WOMAC pain: krill oil, -86.7; placebo, -82.5mm, p¼0.81; WOMAC function: krill oil, -245.3; placebo,
-184.3, p¼0.14 at 24 weeks). There were similar results for hand pain
and back pain. No signiﬁcant changes were seen in leg strength or any of
the blood parameters at 24 weeks. Incidence of one or more adverse
events was 50% in the krill oil group (n¼66) and 54% in the placebo
group (n¼71). There were 8 serious adverse events in the krill oil group
6 in the placebo group, all considered unrelated to treatment.
Conclusions: Krill oil was safe and well tolerated, but did not reduce
knee pain in patients with clinical knee osteoarthritis, signiﬁcant knee
pain and effusion-synovitis at 24 weeks, compared to placebo. These
ﬁndings do not support use of krill oil for alleviating knee pain in people
with clinical knee osteoarthritis.

Primary outcome
Knee pain (visual analog scale)
Secondary outcome
Knee pain (WOMAC pain score)
Knee function ( WOMAC
function score)
Hand pain (VAS)
Back pain (VAS)
Leg strength
Total Cholesterol
HDL Cholesterol
LDL Cholesterol
Triglycerides
Fasting glucose
hsCRP

Between group differences
(coefﬁcient, 95% CI)

P value

0.8 (-5.6 to 7.2)

0.81

4.2 (-29.1 to 37.5)
61.0 (-19.2 to 141.3)

0.81
0.14

2.8 (-2.6 to 8.3)
1.9 (-3.9 to 7.8)
-2.59 (-9.41 to 4.23)
0.09 (-0.1 to 0.29)
-0.03 (-0.10 to 0.03)
0.05 (-0.12 to 0.22)
0.12 (-0.09 to 0.33)
0.01 (-0.26 to 0.29)
0.64 (-0.56 to 1.84)

0.31
0.46
0.52
0.34
0.35
0.57
0.27
0.93
0.30

Between group differences
between krill oil and placebo
after 24 weeks
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PRESENTATION NUMBER: 3
INTRAARTICULAR INJECTION OF MM-II, A SUSPENSION OF EMPTY
LARGE LIPOSOMES, REDUCES CARTILAGE DEGENERATION IN RAT
OSTEOARTHRITIS MODEL
R. Wechsler. Moebius Med. Inc, Tel Aviv, Israel
Purpose: MM-II is a suspension of large multilamellar liposomes
composed of two phospholipids, dimyristoylphosphatidylcholine
(DMPC) and dipalmitoylphosphatidylcholine (DPPC) which is applied
via intra-articular (IA) administration. In-vivo biodistribution studies
and ex-vivo wear tests have shown that MM-II liposomes are retained
on the cartilage surface, providing lubrication, and leading to a reduction in wear of the cartilage. In a ﬁrst-in-man study, a single injection of
MM-II was demonstrated to lower pain in osteoarthritis (OA) patients
for up to 3 months. Given the lubricating properties, cartilage wear
reduction, and pain-lowering effect of MM-II, we hypothesized that IA
administration of MM-II may also reduce OA progression. The purpose
of the current study was to evaluate the effects of three consecutive IA
injections of MM-II with dosing intervals of one per week, on cartilage
degeneration in a rat meniscal-tear-induced model of osteoarthritis.
Methods: Male Lewis rats underwent a unilateral medial meniscal tear
(MMT) on study day 0. The rats (n¼15 per group) were treated by the IA
route on study days 7, 14, and 21 with MM-II (50ml/knee) or a vehicle
control. Additional group consisted of untreated disease controls. Four
weeks after surgery, joints were processed for histological analysis
following staining with toluidine blue. Endpoints for evaluation of
therapeutic efﬁcacy included histopathologic examination of chondrocyte death/cartilage degeneration. General cartilage degeneration
includes chondrocyte death/loss, proteoglycan (PG) loss, and collagen
loss or ﬁbrillation. Substantial Cartilage Degeneration was identiﬁed by
chondrocyte and proteoglycan loss extending through greater than 50%
of the cartilage thickness and was measured by ocular micrometer. Gait
analysis was performed at day 24 to conﬁrm expected animal mobility
post-surgery.
Results: Weekly IA treatment with MM-II (5.35 mg/knee) resulted in
signiﬁcant beneﬁcial effects on cartilage damage and collagen degeneration in the rat meniscal-tear-induced model of OA as determined by
evaluation of knee histopathology including signiﬁcant reductions in
substantial cartilage degeneration widths (38% reduction), summed
cartilage degeneration scores (33%), total joint scores (25-26%), and
combined severe to mild collagen degeneration widths (32%) as compared to the vehicle control. MM-II treatment also resulted in signiﬁcant reductions in subchondral bone sclerosis (16%) and osteophyte
scores (16%) as compared to vehicle control rats. Rats treated with MMII had a statistically signiﬁcant increase in synovial inﬂammation as
compared to the vehicle control group with all animals showing minimal to mild synovitis. Animal body weight gain and mobility postsurgery (day 24 gait scores) in rats treated with MM-II did not differ
statistically from the placebo control group. All animals survived to
study termination.
Conclusions: Weekly IA treatment with MM-II was shown to lower OA
disease progression as manifested by signiﬁcant beneﬁcial effects on
cartilage damage and collagen degeneration in the rat MMT model of
OA as determined by evaluation of knee histopathology. The minimal to
mild synovitis associated with the injected liposomes is consistent with
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the reversible synovial hyperplasia seen in the toxicity studies and is
expected from IA-injected particulate agents that lodge in the synovium. The cartilage damage improvements together with the gait data
indicates that MM-II treatment was overall beneﬁcial in the rat MMT
model and has the potential to be a disease modifying OA therapy in
addition to its pain lowering ability.
PRESENTATION NUMBER: 4
INTRAMUSCULAR GLUTEAL GLUCOCORTICOID INJECTION VERSUS
INTRA-ARTICULAR
GLUCOCORTICOID
INJECTION
IN
KNEE
OSTEOARTHRITIS: A 24-WEEK MULTICENTER RANDOMIZED
CONTROLLED NON-INFERIORITY TRIAL
Q. Wang 1, M.F. Mol 1, P. Bos 2, D.M.J. Dorleijn 3, M. Vis 4, J. Gussekloo 5,
P.J. Bindels 1, S.M. Bierma-Zeinstra 1, J. Runhaar 1. 1 Erasmus Med. Center,
Rotterdam, Netherlands; 2 Erasmus Med. Center, Dept. of Orthopaedic
Surgery, Rotterdam, Netherlands; 3 Dept. of Orthopaedic Surgery, Univ. of
Groningen, Univ. Med. Ctr. Groningen, Groningen, Netherlands,; 4 Dept.
of Rheumatology, Erasmus Med. center, Rotterdam, Netherlands,;
5
Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: To assess whether intramuscular (IM) gluteal glucocorticoid
injection is non-inferior to intra-articular (IA) glucocorticoid injection
in reducing knee pain for patients with knee osteoarthritis (OA) in
primary care.
Methods: The study was a pragmatic randomized controlled noninferiority trial with two parallel groups. Patients ( 45 years) with
symptomatic knee OA were randomly (1:1) allocated to receive an
injection of 40 mg triamcinolone acetonide either IA in the knee joint or
IM in the ipsilateral ventrogluteal area. All patients were followed for 24
weeks after the injection. The primary outcome was the Knee injury and
Osteoarthritis Outcome Score (KOOS) pain score (0-100, 0 indicates
extreme pain) at 4 weeks, with a non-inferiority margin of 7. Secondary
outcomes included the non-inferiority of KOOS pain scores at 2, 8, 12
and 24 weeks. Statistical analysis was based primarily on the per-protocol (PP), and secondary on the intention-to-treat (ITT) principle.
Linear mixed models with repeated measurements were used for calculating group differences over time, adjusted for baseline KOOS pain
score, sex, presence of depression and duration of knee OA. Minimally
clinically important difference (MCID) for KOOS pain score ¼ 7.
Results: Of a total of 145 patients included, 65% female, mean (SD) age
67 (10) years, mean (SD) baseline KOOS pain score 48 (17). 71 were
randomized to the IA group and 74 to the IM group. In PP analysis, 138
patients were included with 66 in IA group and 72 in IM group. Patients
reported a clinically relevant improvement in knee pain from 2 to 12
weeks after the injection in both groups (Fig. 1). At 4-week follow-up,
the mean inter-group difference in KOOS pain score was not statistically
signiﬁcant, but its 95% conﬁdence interval (CI) contained the prespeciﬁed non-inferiority margin of 7 (IA minus IM: 3.4; 95CI, -3.3-10.1;
psuperiority¼ 0.320) (Fig. 2). The differences of KOOS pain scores at 2, 8, 12
and 24 weeks were all not signiﬁcant, and non-inferiority was shown at
8 and 24 weeks follow-up (Fig. 2). All the results were similar in ITT
analysis.
Conclusions: KOOS pain score differences between the two groups
were non-signiﬁcant and smaller than MCID over the 24 weeks. However, IM glucocorticoid injection, compared to IA injection, could

present inferior effectiveness in some cases at 4 weeks after injection.
IM injection was non-inferior to IA injection only at 8 and 24 weeks.
PRESENTATION NUMBER: 5
INTRA-ARTICULAR DRUG DEPOTS FOR CONTROLLED RELEASE OF
HEAVY CHAIN ONLY ANTIBODIES BLOCKING JOINT INFLAMMATION
M. Koerselman 1, K. Warmink 2, N.M. Korthagen 2, P.M. van Midwoud 3,
T. Verrips 4, H. Weinans 2, M. Karperien 1. 1 Univ. of Twente, Enschede,
Netherlands,; 2 UMC Utrecht, Utrecht, Netherlands,; 3 InnoCore
Pharmaceuticals, Groningen, Netherlands,; 4 Orthros Med., Raalte,
Netherlands
Purpose: In many inﬂammation-driven diseases, blocking IL-1 signaling can be a potential strategy to help restore normal homeostasis. The
modiﬁed recombinant version of IL-1RA, known by the name Anakinra,
which competes with IL-1b is seen as a potential disease modifying
osteoarthritis drug (DMOAD). However, as with many therapeutic
proteins it shows a short half-life and loss of bioactivity. Currently, this
problem is addressed by frequent injections of high doses of therapeutic
proteins that is associated with unwanted side effects and patient
morbidity. Various ways were explored to formulate IL-1RA within a
slow release system in order to be released over a prolonged period of
time. Nevertheless, the problem of short-half life and loss of bioactivity
remains in these slow release systems. Here we report an alternative for
Anakinra, based on the variable domain of single chain heavy chain only
antibodies (VHHs). These VHHs are easy to produce in yeast and are
more cost effectively than conventional antibodies. In addition, their
high stability at extreme temperatures and pH values makes them
suitable to investigate whether they can be potential DMOADs. As a
hypothesis, we believe that when incorporating VHHs that block
inﬂammation in a slow release system, they could potentially solve the
issue of short half-life and bioactivity for therapeutic protein delivery.
As a slow release system, we want to use an injectable gel with excellent
controlled release properties in the intra-articular space. The aim of this
study is to provide a proof of concept for the controlled release of a
bioactive VHH that could block IL-1 signaling in the intra-articular
space.
Methods: After immunization, phage library construction and panning
rounds, we obtained several clones of VHHs binding IL-1R with high
speciﬁcity. Dose response ELISAs and surface plasmon resonance
imaging (SPRi) were used to characterize the binding afﬁnity of the VHH
clones to IL-1R. Biological activity of the VHHs was measured using a
HEK293t cell line stably transfected with an NFkB reporter construct
after co-stimulation with IL-1b. As a positive control, we used a biosimilar of IL-1RA. In vitro release studies were carried out using an
injectable sustained drug release system composed of end-capped
PCLA-PEG-PCLA triblock copolymers in various compositions, which are
suited for controlled release of proteins. The compositions were formulated with ﬁnal loading of 2.8 and 28 mg/ml anti-IL-1R VHH for at
least 28 days. The concentration is based on a respectively 1000-10,000
times excess of IL-1b concentration occurring in synovial ﬂuid of OA
patients.
Results: The characterization experiments showed that four of the IL1R binding VHHs have an afﬁnity in the low nanomolar range. In
addition, in epitope binning experiments we saw that some combinations of VHH and IL-1RA show a possible additive or maybe even a
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synergistic effect in blocking IL-1b. We determined the effect of the IL1R binding VHHs in the presence or absence of IL-1b on the reporter cell
line. Here, it was found that two anti-IL1R VHHs were able to block IL-1
signaling. Subsequently, we incorporated these two VHHs within PCLAPEG-PCLA drug depots and assessed the release rate. The drug depots
were liquid at room temperature ensuring easy injectability and formed
a drug depot after injection. Over a time span of 28 days, we took
several samples and observed sustained release in at least two out of
three compositions, one with a release in the ﬁrst 14 days and the other
a stable release over at least 60 days. In all the compositions that
showed release, biological activity was conﬁrmed over time using both
dose response ELISA and SPRi.
Conclusions: We have isolated two IL-1R binding VHHs that block IL-1
signaling. Furthermore, we showed that these VHHs can be incorporated within PCLA-PEG-PCLA drug depots and show a prolonged in vitro
release and biological activity. VHHs blocking of IL-1R may constitute a
cost-effective anti-inﬂammatory drug and an alternative DMOAD for
recombinantly produced proteins or conventional antibodies.
PRESENTATION NUMBER: 6
THE “PLACEBO EFFECT” IN OSTEOARTHRITIS CLINICAL TRIALS:
CHALLENGING THE NARRATIVE
E. Ashbeck 1, E.J. Bedrick 2, C.K. Kwoh 3. 1 The Univ. of Arizona Arthritis
Ctr., Tucson, AZ, USA; 2 Dept. of Epidemiology and Biostatistics, Univ. of
Arizona, Tucson, AZ, USA; 3 Div. of Rheumatology, Univ. of Arizona,
Tucson, AZ, USA
Purpose: The Results of randomized controlled trials of potential disease-modifying osteoarthritis drugs (DMOADs) often show a precipitous decline in the estimated mean pain score for the active treatment
arm and the placebo arm during follow-up. The decrease in the mean
pain score in the placebo arm is often attributed to the placebo effect,
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which has been deﬁned as “a beneﬁcial effect produced by a placebo
drug or treatment, which cannot be attributed to the properties of the
placebo itself, and must therefore be due to the patient's belief in that
treatment”. We offer an alternative explanation. Our objective is to
illustrate conditions under which longitudinal outcome measures will
reliably produce an apparent “placebo effect”, using data from an
observational study.
Methods: The Osteoarthritis Initiative is a longitudinal observational
study of participants with or at risk of symptomatic knee OA. Participants completed the WOMAC questionnaire, underwent bilateral
posteroanterior ﬁxed-ﬂexion weight-bearing knee radiography with
joint space width measurement, and blood pressure measurement, at
baseline and annual clinic visits through the four-year follow-up. We
selected participants with Kellgren-Lawrence (KL) grade 2 or 3 in the
right knee at baseline (n¼1,837), grouped them according to baseline
right knee WOMAC pain score (categories: 0, 1, 2-4, 5-7, and 8-20) and
plotted the mean pain score for each group through the Y4 follow-up
visit (Fig. 1a). Similarly, we selected participants with KL 2 or 3 in the
right knee at Y1 (n¼1,749) and grouped them according to the Y1 right
knee WOMAC pain score, plotting group means through the Y4 followup visit (Fig. 1b); the same analysis was repeated at Y2 (n¼1,662; Fig.
1c). A similar analysis was conducted for medial ﬁxed JSW(x¼0.250;
fJSW) in KL 2,3 right knees (Fig. 2), and systolic blood pressure among
all OAI participants (Y0 n¼4,795, Y1 n¼4,260, Y2 n¼4,031; Fig. 3). For
each outcome measure (WOMAC pain, medial fJSW, and systolic blood
pressure) we used observations at baseline and Y1 to estimate the ratio
of between-person variance to total variance (r), where total variance is
the sum of between-person variance and within-person variance, and
generated bootstrap 95% conﬁdence intervals(CI).
Results: The group of participants with WOMAC pain scores  8 at
baseline had a lower average pain score at the Y1 visit, followed by
stable average pain scores at subsequent visits, while the participants
with a WOMAC pain score of 0 at baseline had a greater average pain
score at Y1 (Fig. 1a). Similar trends occurred when participants were
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grouped based on Y1 and Y2 pain scores (Fig. 1b and 1c, respectively). In
contrast, participants selected with extreme values of medial fJSW
measurements did not show markedly lower or higher group-means
from baseline to Y1 or subsequent visits (Fig. 2). In the larger OAI
sample, participants selected with systolic blood pressure  160 mmHg
had lower average readings at subsequent visits, while those with
systolic blood pressure <100 mmHg had greater average readings at
subsequent visits; the same trends occurred when the participants
were selected and grouped at baseline, Y1, and Y2 (Fig. 3). The estimated
ratio of between-person variance to total variance (r) was 0.64 (95%CI:
0.61, 0.66) for WOMAC pain, 0.93 (95%CI: 0.92, 0.94) for medial fJSW,
and 0.56 (95%CI, 0.54, 0.58) for systolic blood pressure. When a large
proportion of the total variance is due to within-person variance
(smaller values of r), regression-to-the mean can be expected. Longitudinal fJSW measurements have relatively small within-person variance (r close to 1) and thus do not exhibit regression-to-the-mean.
Conclusions: When participants are selected based on high (low) values of a longitudinal outcome measure that naturally ﬂuctuates over
time, the mean can be expected to decrease (increase); this statistical
phenomenon is known as regression-to-the-mean, and was originally
demonstrated with the heights of parents and children [Galton 1886].
Eligibility criteria for DMOAD randomized controlled trials often require
a WOMAC pain score greater than some minimum value, and it is well
known that pain naturally ﬂuctuates over time. The decrease in the
mean pain score observed in the placebo arm is commonly interpreted
as the placebo effect, though regression-to-the-mean should be
expected under these conditions, and not attributed to patients’ beliefs.
Clinical trialists can correct for regression-to-the-mean in the planning
and analysis of clinical trials [Jones & Spiegelhalter 2009].

PRESENTATION NUMBER: 7
FAT IMPLANTATION IN LIPODYSTROPHIC
SUSCEPTIBILITY
TO JOINT INJURY AND
INDEPENDENT OF BODY WEIGHT

MICE RESTORES
OSTEOARTHRITIS

K.H Collins 1, K.L. Lenz 1, E.N. Pollitt 1, D. Ferguson 1, I. Hutson 1,
L.E. Springer 1, A.K. Oestreich 1, R. Tang 1, Y.-R. Choi 2, G.A. Meyer 1,
S.L. Teitelbaum 1, C.T. Pham 1, C.A. Harris 1, F. Guilak 1. 1 Washington Univ.
in St. Louis, St. Louis, MO, USA; 2 Yonsei Univ. Hosp., Seoul, Republic of
Korea
Purpose: Changes in biomechanical loading due to increased body mass
do not account for the severity of obesity-induced knee osteoarthritis
(OA). The exact contribution of the fat-derived adipokine signaling
network in OA has been difﬁcult to determine due to the complex
interactions between metabolic, biomechanical, and inﬂammatory
factors related to obesity. To separate and directly test some of these
factors, we employed the lipodystrophic (LD) mouse, which completely
lacks adipose tissue. LD mice are protected from OA, even when fed a
high fat diet and with concurrent knee injury, suggesting that adipose
tissue plays a critical role in OA pathology. The purpose of the present
study is to determine if susceptibility to post-traumatic OA can be
reintroduced to LD mice using implantation of a small adipose graft,
implicating adipokine signaling - and not body weight - as a mediator of
joint degeneration.
Methods: METHODS: Male and female LD mice were created by
crossing adiponectin-Cre mice with homozygous lox-stop-lox-ROSAdiphtheria toxin A (DTA) mice (1). Wildtype DTA/+ (WT) littermates
were maintained as controls. LD Mice were rescued with either a
murine embryonic ﬁbroblast transplant (MEF-R) between 3-5 weeks of
age, or WT fat transplant containing visceral and subcutaneous fat (WFR) between 6-8 weeks of age (n¼7-10 animals/sex/group). MEFs were
harvested from E14 C57BL/6J embryos and delivered as an injection (1020e6 cells/fetus) subcutaneously on the sternal aspect of the animals
(2). For WF-R, donor WT mice (6-8 weeks old) were euthanized and
subcutaneous and visceral fat pads were harvested and implanted
subcutaneously on the dorsal aspect of mice (~1g total tissue, 3). At 16weeks, mice underwent surgery for destabilization of the medial
meniscus (DMM) in their left knee joints, and the right limb served as a
non-surgical contralateral control. Grip strength and body composition
(Dual-energy X-ray Absorptiometry) were assessed prior to surgery at
16- and 28-weeks. Activity and behavioral assessments (Phenomaster,
TSE) were collected in a subgroup of chow-fed animals (n¼5-6/group)
prior to surgery over a 36h time period at 20- and 22-weeks (4), and
metabolic dysfunction was assessed by insulin and glucose tolerance
tests. Prior to sacriﬁce, hyperalgesia was evaluated by small animal
algometer at the knee joint (SMALGO ®), and mechanical allodynia by
paw withdrawal by Electronic Von Frey testing. Intact lower limbs, fat
implants and serum were collected immediately after sacriﬁce. Limbs
were imaged using microCT to determine bone structural parameters
before histological processing and staining. To evaluate OA severity,
stained sections were assessed using the Modiﬁed Mankin Criteria. To
evaluate local and systemic inﬂammatory proﬁles, serum and synovial
ﬂuid (SF) were assessed using a mouse 44-plex assay (Eve Technologies,
Calgary, AB, Canada) and Leptin ELISA (R&D). Data were analyzed by
repeated measures ANOVA (genotype, limb, diet) and post hoc testing,
a¼0.05.
Results: Body mass was similar between LD, WT, WF-R (24.2±0.7g) or
MEF-R (23.0±0.2g) mice as compared to the average body mass of
chow-fed LD (26.3±1.2g, by 1-way ANOVA p¼0.12) mic. Across all
chow-fed animals there was no signiﬁcant correlation between body
mass and Modiﬁed Mankin Score (r2¼0.028, p¼0.203). Fat implant size
was also similar (WF-R 0.95±0.1g, MEF-R 0.80 ±0.07g, p¼0.18) in rescued groups. While LD animals are protected from DMM-induced cartilage damage, the severity of joint damage in either of the fat-rescue LD
mice was similar to DMM damage in WT control animals, demonstrating reversal of the cartilage protection LD phenotype (Fig. 1A). The
size of the excised WF-R implant demonstrated no signiﬁcant relationship with Modiﬁed Mankin Score, while the implant size in the
MEF-R group demonstrated a strong correlation with Modiﬁed Mankin
Score (r2¼0.66, p<0.001). MEF-R increased osteophyte scores, tibial
plateau bone mineral density, medial tibial plateau bone volume/total
volume (BV/TV), and tibial metaphysis was partially rescued to WT
levels. Knee hyperalgesia (Fig. 1A), grip strength, and locomotor activity
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were restored to WT levels in fat rescued mice. Tibial metaphysis BV/TV
was reduced to WT levels in MEF-R and WF-R animals. Serum leptin
was restored in WF-R and MEF-R mice to 20-30% of endogenous levels.
WF-R and MEF-R animals demonstrated reduced circulating levels of IL10, and TIMP-1 was reduced WF-R mice to WT contralateral limb levels
(Fig. 1B). Pro-inﬂammatory mediators IL-6, TNF-a, and IL-1a were also
reduced in WF and MEF rescued animals, but IL-17 was signiﬁcantly
increased when compared to both LD and WT DMM? animals. Serum
IL-10 levels demonstrated a modest but signiﬁcant negative relationship with Modiﬁed Mankin Score (r2¼0.26, p<0.001). However, we did
not observe any differences in IL-10 concentration in the SF (Fig 1C). SF
levels for TIMP-1 in MEF-R animals were similar to those observed in
non-surgical and DMM WT limbs; however, SF levels of TIMP-1 were
similarly decreased in both limbs of WF-R animals and were similar to
the levels observed in the WT non-surgical limb. SF Levels for IL-6 were
signiﬁcantly increased in both fat transplant groups compared to both
LD and WT limbs, whereas SF IL-1a levels were decreased in LD DMM
limbs, but similarly increased in the both limbs of WF-R and MEF-R
animals.
Conclusions: Transplantation of a small amount of adipose tissue
restored susceptibility to cartilage damage and knee hyperalgesia in
OA-resistant LD mice. Fat transplant also altered the serum and synovial
ﬂuid proﬁles of several factors implicated in OA pathogenesis (leptin, IL6, IL-1a, IL-10, TIMP-1) although the speciﬁc factors that contribute to
OA in this context remain to be determined. Using adipose tissue
implantation in LDs from various knockout mice can both facilitate our
understanding of pathways involved in overriding cartilage protection,
and can reduce, reuse, and reﬁne animal use in a way that was not
possible previously without the use of large numbers of knockout mice.
Lastly, the ﬁndings suggest that cartilage damage can be inﬂuenced and
controlled by tissues outside of the joint, as the addition of metabolically healthy fat distally can restore susceptibility in OA-resistant animals. This controlled model of lipodystrophy conﬁrms a direct
relationship between adipose tissue and the onset and progression of
OA, independent of biomechanical contributors. Using this model, we
will be able to deconstruct adipokine signaling to disentangle the
contributions of speciﬁc adipokines to cartilage damage.

PRESENTATION NUMBER: 8
IDENTIFICATION OF TWO METABOLITE-BASED PHENOTYPES IN
PATIENTS WITH LATE-STAGE KNEE OSTEOARTHRITIS
J. Rockel 1, M. Layeghifard 1, 2, Y. Rampersaud 1, 3, A. Perruccio 1, 4,
N. Mahomed 1, 3, J. Davey 1, 3, K. Syed 1, 3, R. Gandhi 1, 3, M. Kapoor 1, 5.
1
Osteoarthritis Res. Program, Div. of Orthopedic Surgery, Schroeder
Arthritis Inst., Krembil Res. Inst., Univ. Hlth.Network, Toronto, ON,
Canada; 2 Program of Genetics & Genome Biology, The Hosp. for Sick
Children, Toronto, ON, Canada; 3 Dept. of Surgery, Faculty of Med., Univ.
of Toronto, Toronto, ON, Canada; 4 Dept. of Surgery, Faculty of Med. and
Dalla Lana Sch. of Publ. Hlth., Univ. of Toronto, Toronto, ON, Canada;
5
Dept. of Surgery, Faculty of Med. and Dept. of Lab. Med. and
Pathobiology, Univ. of Toronto, Toronto, ON, Canada
Purpose: Osteoarthritis (OA) is recognized as a clinically heterogeneous
disease. Anthropometric, sociodemographic and clinical factors all
contribute to different phenotypes of OA, some of which are also linked
to increased risk of developing OA. However, there still remains signiﬁcant unexplained heterogeneity in patients with OA. Systemic
metabolites have emerged as factors in disease which may help to
explain, in part, underlying heterogeneity between patients with OA.
Even so, the contributions of systemic metabolites in helping to deﬁne
patient phenotypes are not well understood. Using a cross-sectional
population of patients with late-stage knee OA, we sought to determine
whether distinct clusters of patients with OA could be identiﬁed by
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plasma metabolomes alone. Non-diabetic and non-obese patients were
speciﬁcally selected to limit the potential of metabolic disorders to
independently impact the systemic metabolome.
Methods: Plasma was collected prior to total knee replacement surgery
in 214 non-diabetic, non-obese (BMI < 30) late-stage knee OA patients
and metabolite levels were analyzed by metabolomics. Patient clusters
based on identiﬁed metabolite levels were determined by hierarchical
clustering. In total, 35 anthropometric, sociodemographic, patient
reported comorbidities and drug use characteristics were compared by
binomial test, Fisher’s exact, or Mann-Whitney U tests to determine
signiﬁcant deviations (p < 0.05) in patient distributions between clusters. Where signiﬁcant deviations were identiﬁed, metabolites with
FDR-adjusted t-test p < 0.05 were determined between patient groups.
Next, a reﬁned metabolite signature differentiating patient clusters was
identiﬁed by selecting metabolites with  10% fold-difference, signiﬁcant by FDR-adjusted t-test (p < 0.05), and random forests importance scores > 1 between the clusters. AUROC analysis was used to
conﬁrm cluster discriminatory ability of the reﬁned metabolite signature. Finally, bioinformatics analysis was used to identify genes linked
to at least 2 Kyoto Encyclopedia of Genes and Genomes (KEGG) annotated metabolites as part of the signature. Gene-associated enriched
pathways (FDR p-value < 0.05) were also determined using pathDip
(http://ophid.utoronto.ca/pathDIP/).
Results: From 188 possible metabolites measured, 151 metabolites were
identiﬁed. Two patient phenotypes emerged by hierarchical clustering
(Fig. 1A). Of the 35 anthropometric, sociodemographic, comorbidity and
drug use characteristics evaluated, only the distribution of patients with
daily narcotic use was signiﬁcantly different between the two identiﬁed
clusters (p ¼ 0.0041 by Fisher’s exact test). However, no metabolites
were signiﬁcantly modiﬁed in daily narcotic users compared to other
individuals (FDR-adjusted P > 0.05), suggesting no signiﬁcant inﬂuence
of these patients on differential metabolite levels between identiﬁed
clusters. After applying signature reﬁnement, 24 metabolites remained
which could accurately predict cluster classiﬁcation within this patient
sample with outstanding discrimination (Fig. 1B). Finally, 56 genes were
linked to at least 2 KEGG annotated metabolites and pathway analysis
identiﬁed 26 of the 56 genes were linked to various enriched pathways
including tRNA acylation and B-vitamin metabolism (Fig. 1C&D), which
have been linked to inﬂammation and OA symptoms, respectively.
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Conclusions: A metabolite signature consisting of 24 metabolites was
able to distinguish two clusters of late-stage knee OA patients independent of 35 potential covariates. This signature was linked to distinct
genes and pathways that may contribute to disease processes including
OA symptoms and joint degeneration. Next steps in this study are to
understand the relevance of this metabolite signature in prognostication and fully explore the importance of these biologically-relevant OA
patient phenotypes to potentially inform precision medicine
approaches.
PRESENTATION NUMBER: 9
INTEGRATED APPROACH OF META-ANALYSIS AND BIOINFORMATICS
TOWARDS ELUCIDATING DISEASE MECHANISMS ASSOCIATED WITH
AGE-RELATED KNEE OSTEOARTHRITIS
H. Iijima 1, 2, G. Gilmer 3, 4, K. Wang 1, S. Sivakumar 1, Y. Matsui 5,
F. Ambrosio 1, 6. 1 Dept. of Physical Med. and Rehabilitation, Univ. of
Pittsburgh, Pittsburgh, PA, USA; 2 Japan Society for the Promotion of Sci.,
Tokyo, Japan,; 3 Med. Scientist Training Program, Sch. of Med., Univ. of
Pittsburgh, Pittsburgh, PA, USA; 4 Dept. of Bioengineering, Univ. of
Pittsburgh, Pittsburgh, PA, USA; 5 BioMed. and Hlth.Informatics Unit,
Graduate Sch. of Med., Nagoya Univ., Nagoya, Japan; 6 McGowan Inst.
for Regenerative Med., Univ. of Pittsburgh, Pittsburgh, PA, USA
Purpose: Though age-related knee osteoarthritis (KOA) is a highly
prevalent and debilitating pathology, the development of diseasemodifying treatments has been unacceptably slow. The lack of diseasemodifying treatments for KOA is attributed, at least in part, to an
incomplete understanding of the cellular and molecular mechanisms
initiating and driving KOA. Although research aiming to identify
molecular mechanisms of KOA is abundant, the majority of animal
studies focus on individual proteins or pathways, thereby precluding a
holistic understanding of disease pathogenesis. In addition, while
transparent reporting with scientiﬁc rigor is an essential criterion for
any research endeavor, it is frequently overlooked. With this in mind,
the goals of this systematic review were (1) to summarize the state-ofthe-science regarding age-related structural and molecular changes in
articular cartilage and (2) to evaluate the methodological rigor of
research using age-related KOA murine models. This study focused on
age-related KOA because this accounts for 88% of KOA cases in the US,
and it has a distinct disease trajectory as well as unique cellular and
molecular mechanism when compared to post-traumatic KOA. Here, we
used an integrated approach of meta-analysis and bioinformatics to
provide a comprehensive and mechanistic view of aging-associated
KOA pathogenesis.
Methods: A literature search was conducted in PubMed, PEDro,
CINAHL, and Cochrane CENTRAL through March 2020 to identify articles
that evaluated cellular and molecular changes associated with cartilage
aging in murine knee joint. Thie review excluded post-traumatic KOA
murine model with the goal of following the development of agerelated KOA from young to middle-aged and ﬁnally to aged mice. We
then performed a meta-analysis on histological studies and characterized the course of cartilage degeneration, deﬁned as progressive loss
of cartilage extracellular matrix over time. To probe transcript level
changes across aging, we accessed archived RNAseq data and performed gene-set enrichment analysis (GSEA) among groups of young,
middle-aged, and aged. We used GO terms (GO_Biological_Process_2018) as a gene set downloaded from enrichr software. REVIGO
software was applied to summarize redundant GO terms identiﬁed by
the GSEA and visualize the summarized Results. To integrate protein
data isolated from each included study, we constructed the proteinprotein-interaction network using the STRINGdb software. To evaluate
scientiﬁc rigor in pre-clinical models of age-related KOA, two independent reviewers assessed reporting quality (ARRIVE), risk of bias, and
publication bias in a blinded manner.
Results: A systematic search identiﬁed a total of 1,222 articles from
electronic databases relating to KOA and aging, of which 40 met
inclusion criteria for this systematic review. Meta-analysis of histological investigations showed that murine models recapitulate the
clinical onset of cartilage degeneration starting in middle-age (Fig. blue
panel). GSEA from RNAseq data revealed a positive relationship
between aging and level of inﬂammatory cytokines (Fig. green panel)
and an inverse relationship between aging and cartilage matrix

synthesis. These ﬁndings are also supported by the protein data of
elevated inﬂammation, impaired autophagy, and cellular senescence.
Among these processes, Advanced Glycation End-Product (AGE)/
Receptor for AGE (RAGE) signaling emerged as a strongly associated
pathway with age-related KOA (Fig. brown panel). Whereas there is an
encouraging trend towards increasing methodological rigor in recent
years, we identiﬁed numerous opportunities to further enhance the
impact of research in KOA. Such opportunities include recommendations for steps to handle missing information, inclusion of
investigator blinding, and a priori sample size calculation. Together,
these steps have the potential to signiﬁcantly enhance the reproducibility and ultimately, translatability of ﬁndings. Furthermore, we found
that no study to date has thoroughly considered whether and how sex
alters the trajectory of KOA in pre-clinical models (Fig. red panel). This is
an important line of investigation, especially given that women tend to
have more severe KOA.
Conclusions: According to both histological observation and transcriptomic analysis, our ﬁndings suggest that the pathogenesis of agerelated KOA begins much earlier than is generally appreciated. The
disease onset at middle-aged mice is consistent with clinical studies
illustrating cartilage abnormalities in middle-aged people, which validates the naturally occurring model as being human-relevant. As such,
when designing disease modifying treatments, future studies should
bear in mind the trajectory of KOA. Our Results further revealed that the
AGE-RAGE signaling pathway may be involved in age-related cartilage
degeneration, and future studies into this pathway are worthwhile.
Elucidating the role of AGE-RAGE axis in age-related KOA may contribute to accelerate the development of disease-modifying treatments
for KOA. In light of a pervasive lack of methodological rigor, this systematic review presents opportunities and recommendations for
improvements for transparent reporting and speciﬁcally, consideration
of sex as a biological variable. Taken together, these steps will accelerate
the translation of ﬁndings in age-related KOA murine models into
effective interventions for an aging population.

Figure Summary of ﬁndings: We appraised and collated data from 40
available murine studies. Meta-analysis of histological investigation
identiﬁed age-related progressive cartilage degeneration (blue panel;
1). The effect size is also provided as the mean between-group difference divided by the pooled standard deviation. The age-related gross
morphological alterations were associated with functional alteration of
transcriptome, as evidenced by gene set enrichment analysis (GSEA)
showing age-related activation of antigen-receptor mediated signaling
pathway (green panel; 2). Further, an integrated bioinformatic
approach revealed Advanced Glycation End-Product (AGE)/Receptor for
AGE (RAGE) signaling was the most associated pathway with agerelated cartilage degeneration (brown panel; 3). Proteins associated
with inﬂammation-autophagy-senescence network contributed to
construction of the AGE-RAGE signaling pathway. The 40 included
studies are mostly based on male murines, and while there is a trend
towards improved methodological rigor, there remains ample opportunity to increase the reproducibility and translateability (red panel; 4).
This systematic review serves as a call to action for improvement in
study design in elucidating the molecular mechanisms associated with
age-related knee osteoarthritis.
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PRESENTATION NUMBER: 10
METABOLOMIC SIGNATURES FOR THE LONGITUDINAL REDUCTION
OF MUSCLE STRENGTH OVER 10 YEARS
S. Werdyani 1, D. Aitken 2, Z. Gao 3, M. Liu 1, E. Randell 4, P. Rahman 5,
G. Jones 2, G. Zhai 1. 1 Div. of BioMed. Sci. - Genetics, Faculty of Med., Mem.
Univ. of Newfoundland, St. John's, NL, Canada; 2 Menzies Res. Inst., Univ. of
Tasmania, Hobart, Tasmania, Australia; 3 Div. of Community Hlth.and
Humanities, Faculty of Med., Mem. Univ. of Newfoundland, St. John's, NL,
Canada; 4 Discipline of Lab. Med., Faculty of Med., Mem. Univ. of
Newfoundland, St. John's, NL, Canada,; 5 Discipline of Med., Faculty of
Med., Mem. Univ. of Newfoundland, St. John's, NL, Canada
Purpose: Osteoarthritis (OA) is the most common type of arthritis that
affects about 10% of world population aged 60 years and older. OA is
considered to be the major source of joint pain and disability that leads
to serious socioeconomic consequences worldwide. Skeletal muscles
are essential components of the neuromuscular skeletal system that
have an integral role in the structure and function of synovial joints.
Muscle weakness and atrophy is one of the earliest signs of ageing.
Limited number of studies have been performed to investigate the
implication of muscle weakness in the pathogenesis of OA, and our
recent study on endotypes of OA found that a sub-group of OA patients
could be classiﬁed as muscle weakness OA. However, underlying
pathogenesis of ageing related muscle strength reduction is unclear yet.
Since metabolites are the functional molecular intermediates that are
the closest to the observed phenotypes, we undertook this study to
investigate the metabolomic signatures for the longitudinal reduction
of muscle strength throughout 10 years follow-up in a well-established
community-based older adult cohort.
Methods: The study was conducted as part of the Tasmanian Older
Adult Cohort (TASOAC) Study, a prospective, population-based study
aimed at identifying the environmental, genetic, and biochemical factors associated with the development and progression of OA. Ethical
approval was obtained from the Southern Tasmanian Health and
Medical Human Research Ethics Committee. Older adults who were 5079 years old were selected randomly with an equal number of men and
women from the roll of electors in southern Tasmania, Australia and
completed a written informed consent at the baseline between March
2002 and September 2004. Demographic information was obtained by a
self-administered questionnaire. Anthropometric data including height
and weight were also measured at subjects’ interview. Participants’ age
was calculated at the time of recruitment, and BMI was calculated by
dividing weight in kilograms by squared height in metres at the baseline and 10 years follow-up. Muscle strength measurements, including
hand grip, knee extension, and leg muscle strength were conducted at
baseline, 2.5-, 5-, and 10-year follow-up time points. Hand grip strength
was measured using a pneumatic bulb dynamometer for both hands,
while the participants were seated and held the dynamometer with
their elbow at a 90 angle and their opposite arm resting on their lap.
Measurements were taken two times for each hand, and the mean score
to the nearest pounds per square inch (psi) was used in the analyses.
Isometric knee extensor strength of the dominant leg was measured to
the nearest kg when subjects sat on a custom chair having a 100 kg
pocket balance connected to the back of the chair. Leg muscle strength
was measured to the nearest kg in both legs simultaneously using a
dynamometer. Blood samples were collected at the 2.5-year follow-up
after at least 8 hours fasting, and then serum was separated and
metabolomically proﬁled using the TMIC Prime Metabolomics Proﬁling
Assay which measures a total of 143 metabolites. Generalized linear
mixed effects model with restricted maximum likelihood (REML)
method implemented in R package nlme was used to identify the
metabolites that were associated with the longitudinal reduction of
hand grip strength, knee extension, and leg strength over 10 years with
adjustment for age, sex, and BMI. Signiﬁcance level was deﬁned at
a¼0.0004 for correcting multiple testing of 129 metabolites with
Bonferroni method. Further, a GWAS analysis on the identiﬁed metabolomic markers was performed in 77 individuals who had both GWAS
and metabolomic data available from the Newfoundland Osteoarthritis
study (NFOAS) to explore the potential mechanisms of the association
between the metabolomic markers and the longitudinal reduction of
muscle strength over 10 years.
Results: A total of 409 older adults (50% of them were females) were
included in this study. Study participants had a mean age of 60.93±6.50
years, and mean BMI of 27.12±4.18 kg/m2 at baseline. BMI did not
change signiﬁcantly (p¼0.06) over the 10 years follow-up period.
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Although hand grip, knee extension, and leg strength measurements in
males were signiﬁcantly higher than in females (p¼0.0001) at baseline,
there was no signiﬁcant difference (p¼0.24) in muscle strength
reduction between males and females over the 10 years follow-up
period. Among the 143 metabolites measured, 129 passed the quality
control ﬁltering and were included in the subsequent analysis. We
found that the elevated level of asymmetric dimethylarginine (ADMA)
was signiﬁcantly associated with the reduction of average hand grip
strength over 10 years (beta¼ -0.13 psi/per year per log mM, SE¼ 0.05;
p¼0.0003). The total dimethylarginine was the second associated
metabolite for hand grip strength reduction but the p-value did not
reach the pre-deﬁned signiﬁcance level (p¼0.0005). The increased
concentration of this metabolite was associated with a decline in
average hand grip strength (beta¼-0.12 psi/per year per log mM,
SE¼0.05). This suggests that it is ADMA not symmetric dimethylarginine that plays a role in hand grip strength reduction. ADMA was also
the top metabolite associated with the reduction in knee extension
strength (beta¼ -0.13 kg/per year per log mM, SE¼ 0.05; p¼0.008). A
similar trend was found for the reduction in leg strength but was not
statistically signiﬁcant. ADMA is produced in protein methylation.
Raised levels of ADMA have been associated with cardiovascular disease, metabolic diseases, and a wide range of other diseases in the
elderly. ADMA inhibits nitric oxide (NO) synthesis via the argininecitrulline pathway which plays an important role in skeletal muscle
physiology, including regulating inﬂammatory processes during muscle
repair. Nitric oxide synthase (NOS) inhibition reportedly increases the
levels of proinﬂammatory cytokines such as TNF-a and IL-6 in the
skeletal muscles, leading to muscle wasting. Moreover, NO regulates
blood ﬂow, oxidative metabolism, myogenesis, and mitochondrial biogenesis; thus, ADMA may affect these processes in muscle repair as
well. In addition, increased plasma concentration of ADMA has been
reported to inhibit glucose uptake in myotube cells, and accumulation
of ADMA is associated with modulation of insulin signaling and insulin
resistance leading to age-related muscle mass loss. The GWAS analysis
found that SNP rs1125718 was associated with ADMA levels at GWAS
signiﬁcance level (p¼4.394*10-08). The SNP is located in the gene desert
on chromosome 8 but adjacent to several genes including NDRG1,
WISP1, ST3GAL1, and ZFAT. These genes play important roles in stress
response, cell growth and differentiation, maintenance of the extracellular matrix of connective tissues, and transcriptional regulation.
Further analysis is needed to pin down the causal gene(s) that is associated with ADMA. Although it did not reach the GWAS signiﬁcant, the
second most associated SNP rs816296 (p¼2.03*10-06) on chromosome
12 is very interesting as it is located in intron 2 of the nitric oxide
synthase 1 (NOS1) gene which is expressed abundantly in skeletal
muscle tissues and plays a role in synthesizing nitric oxide from arginine, warranting further investigation. Further, we found that the
increased serum concentration of uric acid was signiﬁcantly associated
with the decline of leg strength over 10 years (beta¼ -0.64 kg/per year
per log mM, SE¼ 0.17; p ¼ 0.0001) but not with hand grip or knee
extension strength. Hyperuricemia has been associated with muscle
weakness and wasting. While they did not reach the pre-deﬁned signiﬁcance level, asparagine, leucine, isoleucine, methionine, creatinine,
taurine, isovalerylcarnitine (C5); diacyl-phosphatidylcholines with 32
carbons and two double bonds (PC aa C32:2); and Sphingomyeline (SM
C20:2) were found to be associated with the reduction of muscle
strength over 10 years with p<0.01, warranting further investigation.
Conclusions: Our Results demonstrated that elevated serum concentrations of dimethylarginine, especially ADMA, and uric acid were signiﬁcantly associated with age-dependent muscle strength reduction
which may make study participants more susceptible for the development and progression of OA. While conﬁrmation is needed, these
ﬁndings provided new insights into the pathogenesis of age-related
muscle strength decline and novel targets for developing strategies to
prevent muscle strength loss over time.
PRESENTATION NUMBER: 11
EXERCISE MYOKINE COUNTERACTS CHONDROCYTE SENESCENCE
AND OSTEOARTHRITIS DEVELOPMENT THROUGH MITOCHONDRIAL
METABOLISM REPROGRAMMING
F.-S. Wang, Y.-S. Chen, W.-S. Lian. Kaohsiung Chang Gung Mem. Hosp.,
Kaohsiung, Taiwan
Purpose: Chondrocyte senescence accelerates apoptosis and extracellular matrix loss, accelerating articular cartilage deterioration in the
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development of osteoarthritis (OA). Fibronectin type III domain containing 5 (FNDC5), is an important exercise myokine to slow age-related
diseases, like sarcopenia, osteoporosis, obesity, and neural degeneration, etc. Little is known about whether the molecule affect chondrocyte fate or cartilage metabolism in OA joints. This study aimed to
investigate what role FNDC5 may play in chondrocyte aging and OA
development in human and in mice.
Methods: Osteoarthritic cartilage and non-OA cartilage in the leftover
articular specimens were biopsied from patients with knee OA who
required total knee replacement. FNDC5 transgenic mice were received
destabilized medial meniscus (DMM) to induce OA. Articular cartilage
damage, osteophyte formation, kinematics, and pain behavior of
injured legs were probed using OARSI score, mCT imaging, catwalk, and
von Frey ﬁlaments test. Senescence-associated b-galactosidase (SA-bgal) activity, aging makers, and inﬂammatory cytokines were quantiﬁed
using biochemical staining and RTPCR. Mitochondrial metabolites and
biology were quantiﬁed using liquid chromatography-tandem mass
spectrometry, seahorse extracellular inﬂux, and laser confocal
microscopy.
Results: A plenty of SA-b-gal-stained senescent chondrocytes together
with weak FNDC5 immunostaining were present in human osteoarthritic cartilage, as compared with the non-OA cartilage. FNDC5
transgenic (FNDC5Tg) mice showed thickened articular cartilage,
increased chondrocytes, high subchondral bone mass, and well woven
trabecular microstructure. DMM-injured knee joints displayed less OA
signs, including articular cartilage erosion, synovitis, and osteophyte
formation. FNDC5 overexpression compromised DMM-mediated pain
score and irregular walking patterns and repressed gait proﬁles of
injured legs. Likewise, intra-articular injection with Irisin, a soluble
form of FNDC5, slowed OA development in DMM-injured legs. In vitro,
FNDC5 overexpression reversed IL-1b-inhibited mitochondrial respiration, ATP production, mitochondrial fusion, and mitophagy. FNDC5
improved mitochondrial a-ketoglutarate production, a key TCA cycle
metabolite, repressing senescence program (SA-b-gal activity, p16, p21
expression, and IL-6 production) and retaining ECM production in
inﬂamed chondrocytes.
Conclusions: FDNC5 loss is correlate with chondrocyte aging in the
development of OA in human and in mice. The myokine sustains
chondrocytic activity through sustaining mitochondrial TCA cycle
metabolism and biology to protect against inﬂammation-induced senescence. This study shines light onto the mitochondrial mechanism
underlying the chondroprotective actions of FNDC5 to articular integrity. Collective investigations also highlight the remedial effects of
FNDC5 and Irisin for OA development.
PRESENTATION NUMBER: 12
EFFECT OF HIGH-FAT DIET ON INTEGRATED OSTEOARTHRITIS
PHENOTYPE-METABOLOME NETWORK IN EXERCISED MICE
A. Batushansky 1, A.K. Hahn 2, 3, R.A. Rawle 2, E.B. Lopes 1, R.K. June 2,
T.M. Grifﬁn 1, 4. 1 Oklahoma Med. Res. Fndn., Oklahoma City, OK, USA;
2
Montana State Univ., Bozeman, MT, USA; 3 Carroll Coll., Helena, MT,
USA; 4 VA Med. Ctr., Oklahoma City, OK, USA
Purpose: Osteoarthritis (OA) - the main source of disability in US - is
recognized as a whole-joint disease affecting cartilage, bone, synovium,
intra-articular fat, muscle, and potentially other organ systems via
factors released into the circulation. The interaction of local and systemic factors is a particular area of interest in OA phenotypes associated
with obesity and metabolic syndrome. A better understanding of how
local and systemic factors are interconnected and related to modiﬁable
behaviors, such as physical activity, may provide new insight into OA
biomarkers and treatment strategies. We used high-resolution untargeted metabolomics to simultaneously detect many hundreds of
metabolites in the synovial ﬂuid (SF) to characterize the metabolic
environment of the joint. We conducted this study in mice fed a control
or high-fat (HF) diet for nearly 11 months and provided access to a
voluntary running wheel in their cage for the last 6 months of the study.
We hypothesized that SF metabolomic proﬁling would reveal obesitydependent effects in how wheel running activity alters metabolic
pathways related to joint tissue structure and OA pathology. We tested
this hypothesis by constructing correlation-based network models
based on a comprehensive set of systemic and local phenotypic data.
Methods: Following IACUC approval, male C57BL/6J mice were fed
either a control fat (CF; 10% kcal fat) or a HF (60% kcal fat) diet starting at
6 wks of age. At 26 wks, mice from each diet (n¼9 per diet) were single-

housed in cages with a running wheel until the end of the study at 52
wks of age. The current analysis focuses on data from CF and HF mice
housed with running wheels, although additional mice were housed in
cages without wheels. Body composition was quantiﬁed by DEXA and
dissection of fat pads. Glucose tolerance testing was conducted at 48
wks. Serum was collected at the time of death, and cytokines and adipokines were measured using a mouse pro-inﬂammatory ultra-sensitive sandwich immunoassay 7-plex kit and ELISA kits. We evaluated
knee structure and OA pathology by MicroCT and histomorphometry.
MicroCT was used to evaluate subchondral bone thickness and relative
trabecular bone volume (BV/TV) in the medial and lateral tibial compartments. Stained sagittal knee sections were graded for cartilage OA
severity using a modiﬁed Mankin scale (0-24), and anterior-posterior
tibial osteophytes and medial-lateral synovial pathology were graded
using a semi-quantitative scale (0-3) by two blinded graders. SF collected immediately following death was subject to untargeted metabolomics
using
Liquid-Chromatography/Mass-Spectrometry
instrumentation. Data sets for joint structure outcomes (24 variables),
systemic metabolic and inﬂammatory outcomes (19 variables), SF
metabolite levels (264 variables), and running activity metrics (10
variables) were obtained for each animal and integrated for correlationbased network analyses, separately for each diet group. Only correlation
coefﬁcients with r>j±0.5j and qFDR<0.05 were considered as signiﬁcant
and used for network construction. Graph-theory was used to compare
the two networks and to prioritize individual parameters for further
investigation.
Results: On average, HF animals ran signiﬁcantly shorter distances and
durations per day than CF animals (4.5 +/- 1.0 km less per day and 153
+/- 32 min less per day; mean difference +/- 95% CI of difference).
Systemically, HF diet increased body mass, body fat, glucose intolerance, visceral fat inﬂammation, and serum leptin and CCL2. HF diet
caused moderate OA, including increased cartilage pathology and
medial tibia subchondral bone density. Although a total of 1,412 SF
metabolite features were detected, only features that were consistently
detected across all animals were used in the network analysis (264). The
correlation-based network analyses revealed remarkable dietdependent differences in the connectivity between systemic variables,
joint structural variables, and SF metabolites (Fig. 1). For example, CF
animals had almost 8-times more connections between joint structure
variables and SF metabolites compared to joint structure and systematic
variables (p¼1.5e-09); whereas, the connectivity between joint structure and SF metabolites versus joint structure and systematic variables
in HF animals was balanced (p¼0.26). Additionally, vertices (i.e., outcome variables) of the networks with high centrality outside SF
metabolite clusters were found only in CF mice and were related to
tibial epiphysis variables. Conversely, a unique characteristic of the HF
network was stronger connectivity from wheel running parameters,
such as unique negative correlations between average daytime running
distance and serum interleukin-10 and positive correlations with set of
32 SF metabolic features. Tentative annotation of these features indicates enrichment in triglycerides.
Conclusions: We constructed robust correlation-based network analyses using multidimensional data obtained from mice fed CF or HF diets
and provided access to voluntary wheel running. The models showed
that diet substantially altered the networks linking joint structure
parameters to systemic versus local metabolic variables. A HF diet
disrupted strong connectivity between tibial subchondral bone
parameters and SF metabolites observed in mice fed a CF diet. Furthermore, HF diet established numerous connections between altered
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circadian running activity, triglyceride-related SF metabolite features,
and serum factors. Although the reduced voluntary running activity of
HF diet mice may contribute to some diet-related distinctions, the
extensive network differences between CF and HF mice support the
hypothesis that obesity broadly alters systemic and local metabolic
pathways involved in joint tissue structure and OA pathology.
PRESENTATION NUMBER: 13
PAIN IN WOMEN WITH KNEE AND/OR HIP OSTEOARTHRITIS IS
RELATED TO ADIPOSE TISSUE DYSFUNCTION - DATA FROM THE
KHOALA COHORT
J. Sellam 1, A.-C. Rat 2, S. Fellahi 3, J.-P. Bastard 3, W. Ngueyon sime 4,
H. Ea 5, X. Chevalier 3, P. Richette 5, J. Capeau 6, F. Guillemin 4,
F. Berenbaum 1. 1 Sorbonne Univ., AP-HP, Saint-Antoine Hosp., Paris,
France; 2 Caen Univ. Hosp., Caen, France; 3 AP-HP, Henri Mondor Hosp.,
Cr
eteil, France; 4 Lorraine Univ., Inserm CIC 1433, Nancy, France;
5
Universit
e de Paris, AP-HP, Lariboisi
ere Hosp., Paris, France; 6 Sorbonne
Univ., Inserm UMRS_938, Paris, France
Purpose: Beyond the link between metabolic diseases and osteoarthritis (OA) risk, some studies have suggested an association between
metabolic syndrome or visceral obesity and OA-related pain. Here, we
investigated whether biomarkers of adipose tissue dysfunction or of
systemic inﬂammation could be associated with OA-related pain.
Methods: We cross-sectionally analyzed patients with knee and/or hip
OA at inclusion in the 863 patients included in the national multicentric
KHOALA cohort (NCT00481338). We used visual analogic scale (VAS) for
pain, the Western Ontario and McMaster Universities Arthritis Index
(WOMAC) and Osteoarthritis Knee and Hip Quality of Life (OAKHQOL)
pain subscores. For WOMAC and VAS pain, higher scores reﬂect more
symptoms, while it is the opposite for OAKHQOL. At inclusion, we
measured in the serum ultra-sensitive C reactive protein (usCRP),
reﬂecting systemic inﬂammation, leptin and total adiponectin for calculation of leptin:adiponectin ratio (LAR), a marker of adipose tissue
dysfunction associated with central adiposity, high-molecular-weight
adiponectin, visfatin and apolipoproteins (apoA1, apoB100). Univariate
and multivariate analyses using stepwise linear regression models were
performed to search for correlation between pain assessments and
these biomarkers, with adjustment on age and Kellgren-Lawrence score
and with stratiﬁcation by sex.
Results: In 596 women with hip and/or knee OA, multivariate analyses
indicated that higher pain intensity was associated with higher LAR
(VAS pain: b¼0.49; p¼0.0001, OAKHQOL pain: b¼-0.46; p¼0.0002,
WOMAC pain: b¼0.3; p¼0.002) in the whole group. Analyzing knee and
hip OA populations separately, these correlations were found for both
joints in multivariate analyses (knee OA: VAS pain b ¼ 0.55 p ¼ 0.0001;
OAKHQOL pain: b ¼ -0.50 p ¼ 0.0002; WOMAC pain b ¼ 0.30 p ¼ 0.006;
hip OA: VAS pain b ¼ 0.64 p ¼ 0.03; OAKHQOL pain: b ¼ -0.55 p ¼ 0.04).
Pain intensity correlated also with usCRP level (VAS pain: b¼ 0.27;
p¼0.02, OAKHQOL pain: b ¼-0.31; p¼0.01) and Kellgren-Lawrence
score. Serum visfatin, high-molecular-weight adiponectin, Apo A1 and
Apo B100 levels were not related to pain level, whatever the score used.
In 267 men, no correlation between biomarkers and OA pain was found.
Conclusions: Serum LAR and usCRP level are associated with pain level,
independently of radiographic structural severity in women with hip
and/or knee OA, emphasizing the role of adipose tissue dysfunction and
of systemic inﬂammation in pain experience in the OA female population.
PRESENTATION NUMBER: 14
EVIDENCE OF DIFFERENTIAL METABOTYPES
FIBROBLASTS
AND
SYNOVIAL
FLUID
IN
OSTEOARTHRITIS PATIENTS
1

1

2

1

IN SYNOVIAL
OBESE
HIP
1 1

H. Farah , S. Young , E.T. Davies , C. Mauro , S. Jones . Univ. of
Birmingham, Birmingham, United Kingdom; 2 Royal Orthopaedic Hosp.,
Birmingham, United Kingdom
Purpose: Purpose: Synovial inﬂammation (synovitis) is considered to
be an active process in the development and progression of OA joint
pathology. Synovitis occurs at the onset of OA and is thought to contribute to the degradation of articular cartilage via the release of proinﬂammatory cytokines from synovial ﬁbroblasts, which can induce the
expression and release of cartilage matrixmetalloproteases and aggrecanases that degrade type II collagen and proteoglycans respectively.
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Importantly, we recently reported that synovial ﬁbroblasts from endstage obese OA patients display an enhanced inﬂammatory phenotype,
compared to normal-weight OA patients. Identifying the central
molecular drivers of this enhanced inﬂammatory proﬁle in obese OA
patient synovial ﬁbroblasts may help to identify therapeutic opportunities to modify the inﬂammatory OA synovial ﬁbroblast phenotype
thus reducing joint inﬂammation and slowing disease progression.
Critically, there is now evidence from inﬂammatory ﬁbrotic disorders
and from rheumatoid arthritis that metabolic changes are associated
with, and may mediate, the switch to an inﬂammatory activated
synovial ﬁbroblast phenotype. Therefore, the aim of this study was to
determine whether synovial ﬁbroblasts and synovial ﬂuid from obese
and normal-weight OA patients exhibit different metabolic
metabotypes.
Methods: Synovial joint tissue and synovial ﬂuid was obtained from
n¼9 hip OA patients, who were either of normal-weight or obese and
were undergoing elective joint replacement surgery (Ethical approval
NRES 16/SS/0172). Synovial ﬁbroblasts were isolated and cultured from
diced synovial tissue. Basal and TNF-a stimulated synovial ﬁbroblast
oxygen consumption rate (OCR) and extracellular acidiﬁcation rate
(ECAR) was determined using a Seahorse XF Analyser. Lactate secretion
was measured by Lactate Colorimetric Assay (Sigma-Aldrich, UK). The
expression of lactate transporters and IL6 was determined by qPCR, and
IL-6 secretion by ELISA. Synovial ﬂuid metabolome was determined by
1H NMR and analysed using MetaboAnalyst v4.0.
Results: When challenged with TNFa, obese OA synovial ﬁbroblasts
exhibited increased ECAR (7.1 ± 0.7 vs 3.9 ± 0.8, p¼0.04 n¼3) and OCR
(12.49 ± 1 vs 11.86 ± 0.7 n¼5, p¼ 0.002), indicative of elevated glycolysis and increased basal respiration respectively, compared to similarly challenged normal-weight OA synovial ﬁbroblasts. Furthermore,
normal-weight synovial ﬁbroblasts showed a concentration dependant
increase in lactate secretion when challenged with TNFa. In contrast,
obese OA synovial ﬁbroblasts exhibited higher basal levels of lactate
secretion and could not increase lactate secretion further when challenged with TNFa. Metabolomics analysis of synovial ﬂuid from obese
(n¼8) and normal weight (n¼8) hip OA patients using 1H NMR Spectroscopy revealed an increase in glucose-alanine cycle, serine and glycine metabolism as well as glutamine metabolism in obese OA synovial
ﬂuid samples (p¼ 0.06)
Conclusions: This is the ﬁrst study to identify differences in the metabolic phenotype of OA synovial ﬁbroblasts and OA synovial ﬂuid
between obese and normal-weight OA patients. Our ﬁndings demonstrate an intimate link between the inﬂammatory and metabolic proﬁle
of OA synovial ﬁbroblasts and synovial ﬂuid in OA patients and further
conﬁrm the effect of obesity on the synovial ﬁbroblast phenotype.
Targeting the metabolism of the obese OA synovial ﬁbroblast may
provide therapeutic opportunities to reduce the enhanced inﬂammation observed in OA patients with synovitis.
PRESENTATION NUMBER: 15
EFFECT OF WEIGHT CYCLING ON PROGRESSION OF KNEE JOINT
DEGENERATIVE
DISEASE
IN
OVERWEIGHT
AND
OBESE
INDIVIDUALS: 4-YEAR MRI DATA FROM THE OSTEOARTHRITIS
INITIATIVE
G.B Joseph 1, S. Ramezanpour 1, C.E. McCulloch 2, M.C. Nevitt 2,
J.A. Lynch 3, N.E. Lane 4, V. Pedoia 1, S. Majumdar 1, T.M. Link 1. 1 Dept. of
Radiology and BioMed. Imaging, Univ. of California San Francisco, San
Francisco, CA, USA; 2 Dept. of Epidemiology and Biostatistics, Univ. of
California San Francisco, San Francisco, CA, USA; 3 Dept. of Epidemiology
and Biostatistics, Univ. of California San Francisco, San Francisco, CA,
USA; 4 Dept. of Rheumatology, Univ. of California, Davis, CA, USA
Purpose: Obesity is prevalent in approximately 39.8% of US adults (data
from 2015/2016), and is a risk factor for cardiovascular disease, hypertension, type 2 diabetes, and osteoarthritis (OA). Weight loss is frequently recommended for obese and overweight individuals to reduce
the risk of obesity-related diseases, and has shown protective effects.
However, sustained weight loss is often difﬁcult to maintain, and an
estimated 20-30% of individuals attempting weight loss experience
episodic variation in body weight. This repetitive pattern of weight loss
and regain has been termed “weight cycling”. The purpose of this study
is to investigate the associations between weight cycling and knee joint
degeneration in overweight and obese individuals with different patterns of weight change over 4 years.
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Methods: A sample of 2271 individuals from the Osteoarthritis Initiative Database was included in this study. BMI measurements were
used to determine the annual rate of change in BMI over 4 years in each
individual. The slope of the regression line was multiplied by 4 to
determine overall magnitude of BMI change, and the percentage change
over 4 years was deﬁned as the magnitude of BMI change divided by the
baseline BMI. In addition to the magnitude of weight change, the trajectory of weight change was analyzed as it may affect longitudinal
changes in joint structure and clinical symptoms. We devised a method
to classify individuals into those with “steady” and those with “cyclic”
weight change based on the root mean square error (RMSE) of the
regression line. We obtained RMSE measurements from each individual’s regression model, and their weight ﬂuctuation was determined
based on the RMSE. We deﬁned a subject with BMI variability, termed
“weight-cycler” in this study, as an individual with an RMSE value in the
top 10% of all RMSE values. The remaining 90% of individuals were
termed “non-cyclers”. In addition, individuals were classiﬁed into three
groups based on their annual changes in BMI over 4 years: weight loss
(>-5% change), weight gain (>5% change), and controls without weight
change (-3 to 3% change). 3T MRI was used to quantify knee cartilage T2
(a measure of cartilage biochemical composition) and cartilage thickness annually over 4 years in all subjects. Whole-organ magnetic resonance imaging scores (WORMS) were obtained to semi-quantitatively
assess cartilage, meniscus, and bone marrow abnormalities in 958
subjects at baseline and 4-year follow-up. The longitudinal differences
in cartilage T2 and thickness between “weight-cyclers” and “noncyclers” were assessed using general estimating equations, while the
differences in WORMS outcomes were compared using general linear
models. An interaction between cycler group and weight change group
was included to determine if the relationship between weight cycling
and knee joint outcomes was modiﬁed by weight change. All analyses
were adjusted for age, sex, baseline BMI, and weight change category.
Results: Over 4 years, increases in maximum cartilage WORMS scores
(coeff.(“weight cyclers” vs. “non-cyclers”)¼0.27, 95% CI¼0.09-0.45, p¼0.002)
and bone marrow abnormalities (coeff.(“weight cyclers” vs. “non-cyclers”) ¼
0.14, 95% CI ¼0.006-0.28, p¼0.04) were signiﬁcantly greater in “weightcyclers” vs. “non-cyclers” (Fig. 1). Longitudinal changes in meniscus
scores were not signiﬁcantly different (p ¼ 0.89) between “weightcyclers” and “non-cyclers”. The interaction between weight cyclers
group and weight change group was not-signiﬁcant (p>0.05) in all
analyses. Adjusting for weight cycling group (BMI variation), the weight
loss group had signiﬁcantly smaller changes in the maximum cartilage
scores (coeff.¼-0.22, 95% CI ¼-0.38 - -0.06, p¼0.004) and maximum
meniscus scores than controls (coeff.¼-0.15, 95% CI ¼-0.28 - -0.01,
p¼0.02), while there were no signiﬁcant differences in the weight gain
group compared to controls (p>0.05). No signiﬁcant differences in the
rate of change of cartilage thickness or T2 values were found between
“weight-cyclers” vs. “non-cyclers”.
Conclusions: Overall, the Results of this study suggest that subjects
with BMI variability/weight cycling have signiﬁcantly greater degenerative changes in cartilage and bone marrow over four years compared
to subjects that do not have high BMI variability, and the relationship is
independent of the amount of weight change. These results suggest that
weight cycling may exacerbate progression of degenerative changes of
cartilage and bone marrow, regardless of the amount of overall weight
change.
Figure 1: Changes in maximum WORMS scores (cartilage, meniscus,
bone marrow) over 4 years in “weight-cyclers” with BMI variability vs.
“non-cyclers” without BMI variability. Error bars represent 95% Conﬁdence Intervals.

PRESENTATION NUMBER: 16
ASSOCIATIONS OF CENTRAL OBESITY WITH EARLIER ONSET OF
OSTEOARTHRITIS SYMPTOMS
M. Castano Betancourt, E. Marchi, M. Lipay. Faculdade de Med. de
Jundiai, Jundiaí, Brazil
Purpose: Obesity is a know risk factor for pain and osteoarthritis (OA),
and in most studies, Body Mass Index (BMI) has been used to classify
obesity (BMI>¼30) in subjects at risk of OA and pain. However, BMI
does not take into account the distribution of the fat mass. Waist circumference (WC) and waist to hip ratio (WHR) strongly correlates with
abdominal obesity and are commonly used to measure the fat distribution and to determine central obesity. Central obesity is one of the
most important components of metabolic syndrome and it has been
demonstrated to be a stronger factor associated with knee pain, low
back pain, and inﬂammation more than and, independent of BMI. In our
population with knee and/or hip OA, we would like to determine
whether central obesity is associated with an earlier presentation of
joint pain and which joints are more affected by pain in subjects with
OA and central obesity compared with subjects with OA without central
obesity.
Methods: In this retrospective cohort study, we examined medical
records and interviewed 770 patients with a conﬁrmed diagnosis of OA,
who attended the orthopedics outpatient clinic-referred from other
services with advanced hip and/or knee joint wear and persistent joint
pain. We asked the patients the age of onset of OA-pain in years and
which joint was the ﬁrst affected and which joints were currently
affected by pain using the Numerical Rating Scale (NRS). Waist and hip
circumferences were measured and central obesity was deﬁned as
unhealthy when the Waist to Hip Ratio (WHR) was equal or higher than
0.90 in men or equal or higher than 0.85 in women, according to the
World Health Organization (WHO). Potential confounders in the relation central obesity and pain, like depression, anxiety, physical activity,
education, alcohol intake, and smoking were analyzed. Analysis of
variance (ANOVA), linear and logistic Regression Analyses was performed. Betas (b) and Odds Ratio (OR) with 95% conﬁdence interval (CI)
are presented. All analyses were adjusted for age, gender, and body
mass index.
Results: In our population 25% of subjects were affected by hip-OA, 49%
with knee-OA, and 26% with both joints affected. Knee was the ﬁrst
joint that reported pain in 56% of the subjects followed by hip (38%), low
back (4%), and other joints (2%). From all 770 subjects included in the
analysis, 46% were obese (BMI30). Most of our population (65%) had
central obesity. BMI was slightly associated with earlier onset of OApain (B¼-0.11, P¼ 0.07) and central obesity was signiﬁcantly associated
with earlier onset of OA-pain in years (B ¼-2.77, P ¼ 0.002) and B ¼
-2.53 P ¼ 0.006, after adjustment for age, gender and BMI. Subjects with
central obesity started with OA-symptoms 2.5 years earlier than subjects without central obesity (Fig. 1, P¼0.006). The odds of starting with
OA-pain before the age of 50 years in individuals with central obesity
was 1.7 times higher compared with individuals without central obesity
(OR: 1.72, CI: 1.07-2.78, P¼0.025). In addition, our population with hip
or knee OA reported low back pain (35.5%), hand (10%), shoulder (9.2%),
foot or ankle pain (9.1%), or elbow pain (3.2%). Central obesity was
associated with a higher number of joints affected by pain (Fig. 2).
subjects with unhealthy central obesity had approximately 10.4% more
joints affected by pain (Fig. 2, P¼ 0.04). Subjects with central obesity in
addition to hip or knee OA-pain had higher odds of foot or ankle pain
(OR¼2.11, CI: 1.0-4.46) and low back pain (1.51, CI: 1.0-2.28).
Conclusions: BMI is a well-established risk factor for pain and OA and
regarding joint pain central obesity is perhaps the most important
obesity related-trait. Central obesity not only exerts inﬂuence on the
number of joints with pain but might determine the age of onset of OAsymptoms. Subjects with central obesity and OA, are at higher odds of
reporting low back and/or foot or ankle pain. Several potential mechanisms of the relationship between obesity and pain have been proposed. However, today we recognize that mechanical-structural
explanations for the association of obesity with OA and pain are not the
only ones. Metabolic-inﬂammatory factors associated with an excess of
adipose tissue should be recognized as a more important factor for pain
and pain initiation than BMI. According to our Results, central obesity
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might exert an important role in the development of OA-pain and might
inﬂuence pain at other joints in subjects already affected with OA.
Considering that waist circumference increases in the elderly and that
in the last 20 years major increases in WC and WHR have been observed
in adults from developed countries, the reduction of abdominal fat
should be targeted in programs of joint pain management. Further
analysis will try to determine the exact contribution of abdominal fat
tissue to joint pain.

PRESENTATION NUMBER: 17
PYRUVATE DEHYDROGENASE KINASES AS A NOVEL TARGET TO
TREAT OSTEOARTHRITIS TO UNLEASH THE METABOLIC FLOW
A. Damerau 1, 2, M. Kirchner 3, M. Pfeiffenberger 1, 2, F. Buttgereit 1, 2,
A. Lang 1, 2, T. Gaber 1, 2. 1 Charit
e-Univ.smedizin Berlin, Berlin, Germany;
2
German Rheumatism Res. Ctr., Berlin, Germany; 3 Max-DelbrückCentrum für Molekulare Medizin, Berlin, Germany
Purpose: Arthritis is the leading cause of years lived with disability for
millions of people worldwide. Osteoarthritis (OA) and rheumatoid
arthritis (RA) are the most prevalent forms of arthritis. Among these
inﬂammatory joint diseases, ﬁbroblast-like synoviocytes (FLS), which
maintain the structural and dynamic integrity of joints physiologically,
have been identiﬁed as key drivers of cartilage degradation. FLS can be
divided into two major populations: THY1- and THY1+ FLS. The
destructive phenotype which is restricted to the THY1- FLS of the
synovial lining stimulates osteoclastogenesis via RANKL secretion,
thereby promoting bone erosion, while THY1+ FLS of the sublining layer
are classiﬁed as invasive cells with immune effector function driving
synovitis. The FLS phenotype is shaped by glucose metabolism and
glycolytic intermediates, which promotes disease progression in
patients with synovitis. However, profound knowledge about the contribution of FLS to pathogenic mechanisms in the early stages of cartilage degradation in OA is limited. Here, we present our ﬁndings on
selected phenotypic features of human FLS from patients with OA
compared to human mesenchymal stromal cells (MSC) on transcriptomic, proteomic, and metabolic levels with the aim (i) to identify
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novel targets for the development of disease-modifying osteoarthritis
drugs and (ii) to distinguish both cell types with regard to speciﬁc
characteristics.
Methods: To this end, we comprehensively compared human bone
marrow-derived MSC (n¼5-8) with FLS isolated from human knee joint
sections (n¼5-7) from patients with OA. MSCs and FLSs were characterized in detail according to their multipotency potential (alizarin red
staining - osteogenesis; oil red staining - adipogenesis), surface marker
pattern (CD75, CD90, CD105, CD14, CD20, CD33, CD45, HLA-DR), cell
viability, proliferation rate, morphology and expression of ﬁbroblastand metabolic-related markers using cell staining, ﬂow cytometry,
immunoﬂuorescence, and SeahorseTM. To get more in-depth insights
into phenotypic differences with the aim to identify potential targets,
selected gene expressions were analyzed using qPCR and whole proteome analysis was performed using mass spectrometry.
Results: We observed a similar phenotype of FLS and MSC when
comparing features such as plastic adherence, morphology, multipotency, and the expression/absence of surface markers such as CD73+,
CD90+, CD105+, CD14-, CD34-, CD45-, CD19-, and HLA-DR- (minimal
criteria that deﬁne MSC). In-depth comparison of FLS and MSC on
proteome level revealed 598 differentially expressed proteins using the
two-sample t-test and a stringent false discovery rate (FDR) of 1% cutoff. We observed no differences between both cell types with regard to
the expression of classical ﬁbroblast markers such as vimentin (VIM),
tenascin C (TNC), and decorin (DCN) as conﬁrmed on RNA level.
Remarkably, ﬁbronectin (FN1), which is mainly produced by ﬁbroblasts,
is signiﬁcantly downregulated at both protein and RNA levels in FLS of
OA along with collagen type 1 (COL1A1) and CD106 (VCAM1). Conversely, CD9 (CD9), CD54 (ICAM1) and Fibroblast-speciﬁc protein-1
(FSP1) were signiﬁcantly higher expressed in FLS at both levels, while
hyaluronan synthase 1-3 (HAS1-3) remained unchanged. Importantly,
analyzing mitochondrial function, human FLS of OA show a signiﬁcantly
lower basal respiration and ATP production than MSC but comparable
spare respiratory capacity and cellular mitochondrial dehydrogenase
activity (NADH amount) per cell. Focusing on the expression of enzymes
and proteins important for energy generation, we identiﬁed pyruvate
dehydrogenase kinases (PDK1-3), which are highly expressed in FLS of
OA, while mitochondrial ATP synthase subunits, electron transport
chain (ETC) complexes as well as the expression of glycolytic enzymes
remained comparable between both cell types. Thus, our data newly
suggest, that PDKs may play a crucial role in the pathogenesis of OA and
possibly RA.
Conclusions: Our data provide evidence that, although, the classical
ﬁbroblast markers do not discriminate between FLS and MSC, FLS of OA
demonstrate a signiﬁcantly higher expression of pyruvate dehydrogenase kinases which are well-known to inhibit the pyruvate dehydrogenase complex (PDC). PDC inhibition prevents the decarboxylation
of pyruvate, which limits its entry into the TCA cycle and thus the
electron ﬂux via the electron-transport chain ﬁnally reducing the
mitochondrial ATP production. Therefore, shifting the metabolism of
FLS from glycolysis to mitochondrial respiration via PDKs might be a
novel target in OA for the development of disease-modifying osteoarthritis drugs in order to unleash the metabolic ﬂow.
PRESENTATION NUMBER: 18
METFORMIN ATTENUATES TRAUMATIC OSTEOARTHRITIS IN OBESE
MICE INDUCED BY HIGH-FAT DIET PARTLY BY REDUCING LEPTIN
D. Li, G. Ruan, Z. Zhu, W. Han, C. Ding. Clinical Res. Ctr., Zhujiang Hosp.,
Southern Med. Univ., Guangzhou, China
Purpose: Obesity is one of the main risk factors for osteoarthritis (OA),
and evidence is accumulating that proinﬂammatory adipokines such as
leptin play an important role in OA. Metformin (Met) has been shown to
reduce weight and relieve inﬂammation. Here, we combine surgical
joint damage with high-fat diet (HFD) in mice to investigate the effect of
metformin on OA and its potential mechanism.
Methods: Mice were fed with HFD or normal diet (ND) from 3 weeks
old and destabilization of the medial meniscus (DMM) surgery was
performed at 12 weeks old. Metformin was administrated in drinking
water immediately after DMM and the joint structural changes were
observed at 5 and 10 weeks after the surgery. OA was evaluated by
Osteoarthritis Research Society International (OARSI) score, synovitis
score, and osteophyte volume reconstructed by micro-computed
tomography. Macrophage inﬁltration in synovium and leptin expression in adipose tissue were detected by immunoﬂuorescence. In vitro,
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the apoptosis of primary human chondrocytes and the subtypes of
macrophages were detected by ﬂow cytometry. Murine chondrogenic
cell line ATDC5 and macrophage cell line RAW264.7 were incubated in
fat conditioned medium (FCM) from mouse abdominal fat, and the
metabolic changes were detected by western blot and ELISA.
Results: The OARSI score, synovitis score and osteophyte volume of ND
+ DMM + Met mice and HFD + DMM + Met mice were signiﬁcantly lower
than that of ND + DMM mice and HFD + DMM mice, respectively.
Importantly, the interaction between diet and Met on OARSI score was
statistically signiﬁcant at 5 weeks (F ¼ 6.364, P ¼ 0.020) and 10 weeks (F
¼ 4.949, P ¼ 0.038) after DMM. The mean difference of OARSI score in
HFD mice (2.08 at 5 weeks and 3.17 at 10 weeks) was greater than that
in ND mice (0.8 at 5 weeks and 2 at 10 weeks). Metformin reduced the
expression of ADAMTS-5 and MMP13 in articular chondrocytes, and
increased the expression of autophagy marker LC3. The M1 macrophage
marker iNOS was decreased and the M2 macrophage marker CD206
was increased in synovium of metformin- treated mice. Interestingly,
metformin reduced the leptin levels in abdominal fat and articular
chondrocytes in HFD mice but not ND mice. The expression of MMP-13,
ADAMTS-5 and p-S6 of ATDC5 cells in HFD + DMM + Met FCM was
signiﬁcantly lower than that in HFD + DMM FCM. The content of TNF-a
and IL-1b of RAW264.7 cells in HFD + DMM + Met FCM was signiﬁcantly
lower than that in HFD + DMM FCM. Furthermore, the expression of
ADAMTS-5 and p-S6 in ATDC5 and the secretion of TNF-a and IL-1b in

RAW264.7 was signiﬁcantly reduced after neutralization of leptin in
HFD + DMM FCM.
Conclusions: Metformin showed a therapeutic effect on OA both in ND
mice and in HFD mice. The therapeutic effect of metformin on OA in
HFD mice is better than that in ND mice, which may be related to
decreasing leptin levels.
PRESENTATION NUMBER: 19
MOTION ANALYSIS USING THE GAITSMARTTMSYSTEM IN THE IMIAPPROACH COHORT
E.M van Helvoort 1, D. Hodgins 2, S. Mastbergen 1, A. Marijnissen 1,
H. Guehring 3, M. Loef 4, M. Kloppenburg 5, F. Blanco 6, I. Haugen 7,
F. Berenbaum 8, F. Lafeber 1, P. Welsing 1. 1 Rheumatology and Clinical
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Immunology, Univ. Med. Ctr. Utrecht, Utrecht Univ., Utrecht, Netherlands;
2
Dynamic Metrics Liited, Codicote, United Kingdom; 3 Merck KGaA,
Darmstadt, Germany; 4 Rheumatology, Leiden Univ. Med. Ctr., Leiden,
Netherlands; 5 Rheumatology, Leiden Univ. Med. Ctr., Utrecht,
n Biom
Netherlands,; 6 Rheumatology, Inst. de Investigacio
edica de A
~ a (INIBIC)-Complexo Hosp.ario Univ.rio de A Corun
~ a (CHUAC),
Corun
7
~ a (UDC), A Corun
~ a, Spain; Rheumatology and
SERGAS, Univ.a de Corun
Clinical Immunology, Diakonhjemmet Hosp., Oslo, Norway; 8 Inst. Natl.
de la sant
e et de la recherch
e m
edicale (INSERM), Sorbonne Universit
e,
^pital Saint-Antoine, Paris, France
APHP ho
Purpose: Disease modifying therapy of osteoarthritis (OA) represents
an unmet clinical need, and appropriate outcome measures are
required to accurately identify patients with different OA phenotypes
who may beneﬁt from speciﬁc therapies. APPROACH is an exploratory,
European, 5-centre, 2-year prospective follow-up cohort study to
identify such phenotypes. One of the possible new OA markers used in
APPROACH is motion analysis using the GaitSmartTM system. The
objective of this study is to evaluate the additional value of GaitSmartTM
as outcome measure in knee OA.
Methods: 297 knee OA patients were included in the APPROACH cohort
study (age; 66.5±7.1, female; 230 (77%), BMI; 28.1±5.3). For this speciﬁc
study, baseline and six months follow-up (M6) data were used. The
GaitSmartTM system uses six inertial measurement units, comprising 3
tri-axial accelerometers and three tri-axial gyroscopes. For these analyses 15 GaitSmartTM measurements were selected based on previous
research and clinical expertise (Table 1). Firstly, using solely baseline
data, principal component analysis (PCA) was performed to explore
structure in relationships between individual GaitSmartTM parameters
and reduce the total set of parameters to a limited set of underlying
domains, which were used in further analyses. Next, logistic regression
was used to evaluate the relationship of identiﬁed GaitSmartTM
domains with the presence of radiographic knee OA (ROA), deﬁned as
Kellgren & Lawrence grade 2 in at least one knee, in addition to
demographics; age, BMI, and gender, and commonly used patient
reported outcome measures (PROMs); pain and activities of daily living
(ADL) subscales of the Knee injury and Osteoarthritis Outcome Score
(KOOS). Independent variables were entered stepwise starting with
demographics, then KOOS subscales, and ﬁnally GaitSmartTM domains.
It was also evaluated whether the association between GaitSmartTM
domains with ROA depended on pain severity, by testing interaction
terms. Statistically signiﬁcant interactions were added as a fourth step.
The area under the receiver operating characteristics curves (AUC-ROC)
was calculated for all models as a measure of (increase in) model ﬁt.
Subsequently, linear regression was used to explore whether GaitSmartTM domains were associated with commonly used function
measures for knee OA. As there is no ‘gold standard’ for function, we
evaluated whether six commonly used outcome measures (KOOS ADL,
KOOS sports and recreational function (sport/recr), SF-36 physical
functioning (SF-36 physical function), SF-36 role limitations due to
physical health (SF-36 role physical), 30s chair-stand test, and 40m selfpaced walk test) could represent one or multiple function domains,
using PCA. Resulting domain(s) were used as outcome variables for
linear regression. Linear regression modelling started with a full model
including all possible predictors and interaction terms. Then all predictors with a p-value >0.2 were removed stepwise. If interactions were
relevant predictors, the individual parameters of these interactions
were retained as well. Resulting regression formula(s) were used to
construct GaitSmartTM based function scores (GS total function, GS
performance-based function and GS self-reported function). Lastly,
using M6 data in addition to baseline data, patients were divided based
on an in- or decrease of at least the minimal detectable change in 30s
chair-stand test or 40m self-paced walk test. Standardized response
mean within the subgroup was calculated for the other function outcome measures. The differences in changes after six months between
subgroups were compared using t-tests and Hedges’ g effect sizes, to
evaluate responsiveness of GaitSmartTM to clinical change.
Results: PCA of baseline GaitSmartTM parameters identiﬁed ﬁve
underlying domains: one mainly related to ROM in hips (GS Hip), one
mainly related to ROM of knee and calves (GS Knee), one mainly related
to differences either ROM of knees and calves in swing phase (GS Difference knee), ROM in hips (GS Difference hip), and ROM of knees
during stance phase (GS Difference stance) (Table 1). 159 patients (56%)
had ROA in at least one knee. Logistic regression showed that addition
of GaitSmartTM domains to the model improved the association with
the presence of ROA. The ﬁnal model, including statistically signiﬁcant
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interaction terms between pain and GaitSmartTM domains, resulted in a
Nagelkerke R2 of 0.212, AUC-ROC of 0.724 (95%CI 0.665, 0.783), sensitivity of 74.2%, and speciﬁcity of 51.2% (table 2, ﬁgure 1). Using the
default setting of an eigenvalue>1 in the PCA, all six function outcome
measures loaded on one domain: total function. When extracting two
components, a division into performance-based function and self-reported function was found (Table 3.) Using these three function domains as
outcome variable in linear regression modelling resulted in ﬁnal models
with adjusted R2 of 0.121, 0.227, and 0.316 for self-reported, performancebased and total function, resp. (Table 4) After 6 months, when there is a
decrease in sit-to-stand activity (table 5a), it is most prominently
detected by the GS self-reported and total function score. When there is
an improvement in sit-to-stand activity, it is most prominently found in
the GS performance-based function score. A decrease in walking
activity (Table 5b) is most prominently detected by the GS total function
score, whereas an improvement in walking activity is most prominently
found in the GS performance-based function score. Effect sizes for
worsening compared to improving in 30s chair-stand test, as well as
40m self-paced walk test, are highest for all three GaitSmartTM based
function scores, meaning these are more responsive to detect an actual
change in sit-to-stand or walk activity, as compared to commonly used
function measures (Table 5a And B).
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Purpose: As we age or undergo trauma to the joint, gradual loss of
cartilage matrix is accompanied with an increase in matrix metalloproteinase 13 (MMP13) expression, causing osteoarthritis (OA). We
and others have established that the deacetylase sirtuin-1 (SIRT1) displays reduced activity during OA, evoking MMP13 expression and cartilage damage. Here we attempt to decipher the molecular mechanism
by which MMP13 expression is regulated, by assessing the effect of Sirt1
on Lef1 expression, the latter being a known transcription factor
required for MMP13 expression.
Methods: To assess the mechanistic impact of SIRT1 on LEF1 expression, human chondrocytes were stimulated with pro-inﬂammatory
cytokines and monitored for SIRT1 enrichment on the LEF1 gene regulatory elements, via Chromatin immunoprecipitation (ChIP). We further generated in vivo mouse models, wherein Sirt1 or Lef1 were
genetically ablated in a cartilage-speciﬁc manner using ATCCre driver
(ATCcreSirt1ﬂ/ﬂ ;ATCcreLef1ﬂ/ﬂ mice). ATCcreLef1ﬂ/ﬂ and ATCcreSirt1ﬂ/ﬂ
mice at embryonic day 17 (E17) were compared to controls (Lef1ﬂ/ﬂ or
Sirt1ﬂ/ﬂ, respectively), to assess possible effects on skeletal development. Next, mice at 3 months from ATCcreSirt1ﬂ /ﬂ or ATCcreLef1ﬂ/ﬂ
transgenes and controls, were subjected to post-traumatic OA induction
by employing surgical Destabilization of the Medial Meniscus (DMM).
Joint pain was assessed using a Pressure Application Measurement
(PAM device) at baseline (i.e. prior to procedure) and 8 weeks after
sham or DMM surgery. After sacriﬁce, joints were graded for OA
severity, osteophyte formation, mineralized meniscus, MMP13 levels
and synovitis inﬂammation.
Results: In vitro data from human chondrocytes show that inﬂammatory stimuli cause LEF1 regulatory gene locus to be enriched with
hyperacetylated H4K16, later associated with inactivated SIRT1 (i.e.
higher N-terminal (NT) SIRT1 vs C-terminal (CT) SIRT1 per loci), and
enhanced LEF1 gene transcription. Moreover, costal chondrocytes from
Sirt1 null mice exhibited increased Lef1 and Mmp13 transcription, while
Lef1 ablated costal chondrocytes exhibited reduced Mmp13 transcription. E17 ATCcreSirt1ﬂ and ATCcreLef1ﬂ/ﬂ embryos did not display
any aberrant growth phenotype. ATCcreSirt1ﬂ/ﬂ mice subjected to DMM
at 3 months of age, exhibited severe OA in the lateral compartment
compared to Sirt1ﬂ/ﬂ mice. Additional hallmarks of OA included increase
in meniscal mineralization, osteophyte formation, synovitis in ATCcreSirt1ﬂ/ﬂ mice compared to Sirt1ﬂ/ﬂ, following DMM. On the other hand,
ATCcreLef1ﬂ/ﬂ mice presented higher thresholds for pain sensitivity as
compared to Lef1ﬂ/ﬂ controls after DMM, possibly indicating less
structural joint damage.
Conclusions: Overall, these multiple approaches show in vitro and in
vivo that SIRT1 represses LEF1 to prevent OA features. Lack of SIRT1, or
its reduced activity, may lift the inhibitory effect on LEF1 gene and
permit MMP13 expression, accompanied with characteristic OA structural features. On the other hand, lack of LEF1, exhibit lesser joint pain,
possibly by halting structural decline of the joint, which is yet to be fully
determined. Thus, inhibiting LEF1 or activating SIRT1 might constitute
novel therapeutic interventions, to maintain cartilage health, joint
function and prevent OA related joint damage.
Conclusions: GaitSmartTM outcome is associated with the presence of
radiographic knee OA. The increase in adjusted R2 compared to models
using only demographics and PROMs is considerably. Besides, GaitSmartTM is related to commonly used function measures in knee OA,
combining evaluation of self-reported and performance-based function.
Motion analysis using the GaitSmartTM system might serve as additional
non-invasive and easily applicable measure to assess OA, responsive to
short-term changes in functional activity.
Acknowledgements: This work has received support from the EU/
EFPIA Innovative Medicines Initiative Joint Undertaking (APPROACH
grant n 115770). This communication reﬂects the views of the authors
and neither IMI nor the European Union and EFPIA are liable for any use
that may be made of the information contained herein. See www.imi.
europe.eu and www.approachproject.eu
PRESENTATION NUMBER: 20
REPRESSION OF LEF1 DISPLAYS REDUCED SUSCEPTIBILITY TO OA
VIA IMPAIRED MMP13 EXPRESSION
J. Elayyan, G. Batshon, I. Carmon, E. Reich, M. Dvir-Ginzberg. Hebrew
Univ., Jerusalem, Israel

PRESENTATION NUMBER: 21
BALANCE, REFRAME, OVERCOME. ATTITUDES, PRIORITIES AND
PERCEPTIONS TOWARD PHYSICAL ACTIVITY AND EXERCISETHERAPY IN YOUTH 12-24 MONTHS AFTER A SPORT-RELATED
ANTERIOR CRUCIATE LIGAMENT INJURY
L.K Truong 1, 2, A.D. Mosewich 2, M. Miciak 2, A. Pajkic 2, C.Y. Le 2, 3,
L.C. Li 1, 3, J.L. Whittaker 1, 3. 1 Univ. of British Columbia, Vancouver, BC,
Canada; 2 Univ. of Alberta, Edmonton, AB, Canada; 3 Arthritis Res.
Canada, Richmond, BC, Canada
Purpose: Anterior cruciate ligament (ACL) tears are common injuries in
active youth and are associated with an 8-fold increased risk of osteoarthritis (OA). There is consistent evidence that exercise-based activities
(i.e., exercise-therapy, physical activity, and sport) are essential for
musculoskeletal health, injury and OA prevention, and OA management. Unfortunately, there are deleterious psychological, social, and
contextual factors associated with ACL injuries that negatively impact
one’s ability to participate and fully beneﬁt from exercise-based activities. Attitudes (i.e., a mindset or tendency to act), priorities, and perceptions (i.e., an individual’s interpretation of an experience) toward
exercise-based activities directly inﬂuence current and future exercise
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behaviours. These constructs can be further shaped by the unique
biological, cognitive, and social changes that occur when youth transition to adulthood. A better understanding of how youth perceive
exercise-based activities will inform the development and assessment
of interventions to reduce the risk of OA that matter and are meaningful
to this population. To date, most research has focused on determining
the priorities and perceptions of exercise-based activities in the ﬁrst 12
months following an ACL injury, highlighting that return to sport (RTS)
is a leading priority for youth with ACL injuries. It is unknown if these
priorities remain beyond 12 months or discharge from formal rehabilitation and whether youth care about other health-related outcomes.
The period beyond 12-months is crucial as changes in exercise patterns
during this time can determine future activity patterns and inﬂuence
future knee OA risk. To better understand how to promote engagement
in exercise-based activities beyond the typical rehabilitation period, this
study aimed to explore and identify the attitudes, priorities, and perceptions of exercise-therapy, physical activity, and sport in youth 12-24
months following a sport-related full-thickness ACL tear.
Methods: A qualitative (interpretative description) approach was used
to explore current attitudes, priorities, and perceptions of exercise
therapy, physical activity, and sport participation. Participants were
recruited from an ongoing inception cohort study aimed at describing
health-related outcomes following a youth sport-related knee injury.
Participants (aged 15-19 years) who had an ACL tear or ACL reconstruction (ACLR) in the past 12-24 months were identiﬁed through a
purposive sampling approach. Given that ACL recovery is inﬂuenced by
sex, age, and sport participation level, efforts were made to recruit a
balance of adolescent males and females with variation in age, RTS
status, sport participation level, and weekly minutes of moderate to
vigorous physical activity. Data generation was led by the lead author
through semi-structured, one-to-one interviews. Participants were
asked open-ended questions about their current attitudes, priorities,
and perceptions of a) exercise therapy, b) physical activity, and c)
organized sport participation. Data analysis followed an inductive and
iterative approach guided by Thorne’s analytic process (2016) and
Braun and Clarke’s framework for conducting a thematic analysis
(2006). Subthemes were generated by initially coding meaningful units
of data then grouping similar codes together. Themes were generated
by interpreting patterns and connections across subthemes. The textual
data was managed with the NVivo v12.4 software. A patient partner (a
young adult who experienced a youth sport-related ACLR four years
previously) assisted in designing and piloting the interview guide,
recruiting participants, and providing feedback on data interpretation.
To promote the trustworthiness and credibility of the ﬁndings, reﬂexive
journaling, memoing, member reﬂection, a detailed audit trail, and

Participant Alias Sex Injury Age

Interview Age Injury Type

Boo
Pablo
Ella
Hector
Eleven
Allison
Ray
Freja
Harley
Leonard
Median (range)

17
19
19
19
18
18
17
20
19
19
19 (17-20)

F
M
F
M
F
F
M
F
F
M

16
18
18
17
16
16
15
18
18
18
17.5 (15-18)

ACL3
ACL
ACLR
ACL3
ACLR
ACLR3
ACLR Revision3
ACLR
ACLR3
ACLR3
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regular meetings with team members were used throughout data
generation and analysis. Reporting followed the COnsolidated criteria
for REporting Qualitative Research (COREQ) guidelines.
Results: Participant characteristics are summarized in Table 1. Ten
youth (six women, four men) with a median age of 19 years (range 1720) were interviewed. The median age at injury was 17.5 years (15-18),
and the median time since injury was 20 months (16-26). Six participants had a primary ACLR, one had an ACLR revision, and three elected
for non-surgical management. Six participants had returned to their
pre-injury sport by one year following an ACL tear or ACLR. Three
overarching themes were generated from the data. ‘Balancing physical
activity and future knee health’ highlighted an ongoing negotiation
between what were perceived to be competing priorities for RTS and
future knee health. All participants discussed that RTS remained a
strong priority 12-24 months after an ACL injury. However, priorities to
protect their future knee health also emerged and were driven by
beliefs this would allow participants to stay active long-term. ‘Reframing
the value of exercise therapy and physical activity’ reﬂected the importance of positively reshaping exercise attitudes and beliefs towards
exercise-based activities. This was incredibly helpful for individuals
who were struggling to RTS or adhere to their exercise therapy program.
Most participants reported they maintained or shifted their attitudes
toward exercise-therapy to be hopeful and optimistic by understanding
the beneﬁts of exercising beyond organized sport participation and
ﬁnding personal growth from the injury. Lastly, ‘overcoming unforeseen
exercise challenges’ encompassed the psychological (e.g., unexpected
recovery timelines) and physical challenges (e.g., persistent symptoms)
that participants were not expected to face 12-24 months after an ACL
tear, regardless of RTS status. Challenges included fear or anxiety of
reinjuries, weight gain, and realistic recovery timelines and expectations for short- and long-term knee health. Unique to this population
were challenges with managing an ACL tear during youth milestones
(e.g., transitioning from high school to college/university). Table 2
provides an overview of the themes and supporting quotations.
Conclusions: Attitudes, priorities, and perceptions of exercise-based
activities shape how youth engage in exercise-therapy, physical activity,
and sport 12-24 months after an ACL tear. Reshaping beliefs by positively reframing these activities and leveraging the motivation for RTS
and life-long knee health may be important strategies to employ when
engaging youth in exercise-based activities beyond formal ACL rehabilitation. Future research should consider how attitudes, priorities, and
perceptions of exercise-based activities ﬁt into rehabilitation strategies
aimed at reducing the risk for OA. This may provide insight into how we
can keep youth more committed to adopting positive health behaviours
early in life while mitigating the risk factors for post-traumatic OA.

Time from Injury Time from ACLR Pre-injury Sport(s)
(months)
(months)

Level of Pre-injury RTS Status
Sport Participation1 (Y/N)2

19
16
17
21
24
20
244
26
18
18
20 (16-26)

Club
Club
Varsity
School
School
Provincial
School
National
Varsity
Club

16
12
16
245
23
12
16
16 (12-24)

Ringette, Rugby
Ice Hockey
Soccer
Rugby
Basketball, Volleyball
Soccer
Football
Handball
Soccer
Ice Hockey

Y
Y
Y
N
N
Y
N
Y
N
Y

ACL, Anterior cruciate ligament; ACLR, Anterior cruciate ligament reconstruction MVPA, Moderate to vigorous physical activity; RTS, Return to sport; 1Sport participation
level deﬁned as: recreational (enjoyment, minimal organization); club (competitive, organized training and competition schedule); school (selected to represent junior or
high school); varsity (selected to represent university/college); provincial (selected to represent a province); national (selected to represent a nation); 2RTS status deﬁned
by return to pre-injury sport (not necessarily at desired competitive level); 3Concomitant non-surgical MCL injury; 4Time from ﬁrst ACL injury; 5Time from ﬁrst ACLR

Table 1

Participant Characteristics
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Theme Overview

Supporting Quotations by Subtheme

Theme #1: Balancing physical activity and future knee healthThe priorities
for exercise-based activity participation was to return to some form of sport
and maintaining life-long knee health. The priority of a healthy knee was
driven by beliefs that current health behaviour/actions will facilitate lifelong
sport and recreational participation.

Priorities for exercise-therapy“If I'm continuing to play sports and I want to
keep at the level I am, I have to do my physio [exercises] for the rest of my life.”
(Boo)Negotiating activity choices“[My knee] is something that [I] need long
term. You only get one knee and it ended up just being me having to think
bigger than the sport.” (Freja)Attitudes about future knee health“Arthritis is
always in the back of my mind /in one or two years if I want to consider doing
football again, like [arthritis would] probably be in the back of my head.” (Ray)
Attitudes towards exercise-therapy“I had a bad attitude after I hurt it, my
knee/now I feel like [exercise therapy and physical activity] are much more
important than I thought they were at the time/I think I would have got to
where I wanted/if I had taken [exercise therapy] more seriously.” (Hector)
Perceptions about beneﬁts of physical activity“Before my injury I would never
willingly go to the gym. [But] I had lots of friends, there was six of us that
worked out in the summer, every morning at 8 a.m. and it was a reason to go to
the gym/Like it wasn’t a chore going to the gym, it was just like I’m going to go
hangout with them.” (Allison)Renewed perspective for physical
activity“[Physical activity is] more important now/- getting that injury you
don’t realize how much you enjoy all that stuff...you take it for granted almost,
so it’s nice having a healthy knee again now.” (Leonard)
Physical challenges to exercise“/I still struggle with trying to get rid of weight
that I’ve put on from surgery/it’s really tough to come to terms with the fact
that as an athlete it’s not really that feasible to be ‘oh I’m going to lose weight.’
Because you’re doing programs that are supposed to be strengthening.” (Freja)
Psychological challenges to exercising“As soon as my knee starts to feel sore,
or it doesn’t hurt but you can feel it, then I kind of hold back on stuff because I
don’t want to mess it up.” (Boo)Perception of recovery“/it would have been
motivating for me if I thought I could recover, but I never thought I could/So it
felt like I wasn’t really working towards anything/I couldn’t be 100 percent
[recovered without surgery], I couldn’t return to my sport.” (Hector)
Experiencing an injury during youth milestonesIt [was] kind of weird timing
for my injury ‘cause it was right as I was graduating high school. So, my life
changed as well. I became less active ‘cause I played on three sports teams in
high school/so right now I’m busier/I don’t really have time for [sport and
exercise therapy].” (Hector)

Theme #2: Reframing the value of exercise therapy and physical
activityPositive reframing of attitudes and perceptions towards exercisetherapy and physical activity help to motivate participation in activities
outside of sport including exercise-based rehabilitation.

Theme #3: Overcoming unforeseen exercises challengesPersistent physical
and psychological challenges were unforeseen barriers that impeded
participation in exercise-based activities. A perception that the knee was able
to fully recover inﬂuenced participants’ willingness to exercise.

Table 2

Overview of Balance Theme and Supporting Quotes

PRESENTATION NUMBER: 22
THE CILIARY PROTEIN INTRAFLAGELLAR TRANSPORT 88 IS
REQUIRED
FOR
THE
MATURATION,
HOMEOSTASIS
AND
MECHANOADAPTATION OF ARTICULAR CARTILAGE
C.R. Coveney, L. Zhu, J. Miotla-Zarebska, B. Stott, I. Parisi, V. Batchelor,
C. Duarte, E. Chang, E. McSorley, T.L. Vincent, A.K. Wann. The Kennedy
Inst. of Rheumatology, Univ. of Oxford, Oxford, United Kingdom
Purpose: The integration of external cues, such as mechanics, with
intrinsic cell signalling programmes, such as hedgehog (Hh) signalling,
is crucial for the development, maturation and homeostasis of articular
cartilage. Activation of Hh signalling in adulthood and pathophysiological mechanics, have both been associated with the development of
murine and human OA. But, how chondrocytes might transduce and
integrate these cues remains unknown. A microtubule-based organelle,
the primary cilium, most noted for its crucial role in Hh signalling, is
assembled by chondrocytes and possesses a devoted trafﬁcking
machinery, IntraFlagellar Transport or IFT. In vitro studies indicate
chondrocyte helps tune the anabolic matrix response to compression
and the response to Hh ligand. In vivo, the primary cilium has been
proposed to be a platform for the integration of mechanics and Hh
signalling in musculoskeletal tissues. While constitutive and peri-natal
disruption of ciliary proteins, Hh signalling and altered mechanics, all
drastically alter joint development in vivo, the inﬂuence of IFT in adult
cartilage homeostasis remains unknown.
Methods: IFT88 was targeted using a cartilage-speciﬁc, inducible mouse
line (ACANCreERT2;Ift88ﬂ/ﬂ : cKO hereafter). Cre activity was validated by
qPCR, RNA scope and a ROSA26tdtomato reporter line. Ift88ﬂ/ﬂ mice, also
receiving I.P injections of tamoxifen, were used as controls. Tibial
articular cartilage was assessed 2, 14 or 26 weeks-post tamoxifen, at 8,
10, 22 and 34 weeks of age respectively, using histomorphometric
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analyses, including measurements of articular cartilage thickness, relative calciﬁcation, subchondral bone thickness, and OARSI score by means
of immunohistochemistry (IHC). The surgical DMM model, which
destabilises the joint, was performed at 10 weeks of age. To explore the
role of physiological mechanics, mice were allowed two weeks of voluntary wheel exercise immediately following tamoxifen administration
at 8 weeks of age. qPCR was performed on micro dissected articular
cartilage at 10 weeks of age in control and cKO. RNAscope was performed
on cryosections of articular cartilage from 10 week old mice control and
cKO. Means ± S.D are quoted throughout, Mann-Whitney U-test or
Fisher’s test were used for statistical comparisons.
Results: In our previous OARSI abstract of 2020 we described the
phenotype arising in IFT88 cKO mice. Here we outline this in further
detail and with an exploration of underlying mechanisms. Tamoxifen
treatment of cKO mice resulted in a 50% reduction of Ift88 mRNA in
articular cartilage (p¼0.02, n¼6 control, 14 cKO). Ift88 (cKO) mice had
thinner medial articular cartilage (MAC), compared with controls, at all
5 time-points (Fig 1.A) In control mice, MAC thickness increased from
102.57mm (95% CI [94.30, 119.80]) at 8 weeks of age to 108.68 +/- (95% CI
[101.32, 116.42]) at 10 weeks of age. Tamoxifen treatment, at 8 weeks of
age, inhibited this increase in cKO mice (MC thickness at 10 weeks was
96.20 mm (95% CI [90.04, 102.36]), p¼0.02, compared with 10 week ctrl,
n¼7). By 22 weeks of age mean MAC thickness in cKO was 90.16mm (95%
CI [87.11, 93.22]) compared with 111.60mm (95% CI [104.34, 118.79]) in
control animals (p¼0.0002, n¼ 7 and 10 respectively). By 34 weeks MAC
had continued to thin to 84.55mm (95% CI [75.43, 93.67]) in cKO, but this
was now associated with surface damage and osteophyte formation. In
the most extreme case, MAC was completely lost (Fig.1B). In contrast,
lateral plateau thickness and OARSI score were unaffected. Calciﬁed
cartilage (below the tidemark) progressively increases on both plateaus,
between 6 and 22 weeks of age and at all time-points thinning was
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attributable to the relative loss of calciﬁed cartilage implying a failure of
calciﬁcation. IHC analyses revealed no striking differences in collagen X
expression, NITEGE neoepitope. There were no measurable increases in
subchondral bone thickness or changes in osteoclastic activity in cKO
mice. 12 weeks post DMM, OARSI scores were statistically signiﬁcantly
higher in cKO (29.83 +/- 7.69) than control (22.08 +/- 9.30, p< 0.05, n¼
15 both groups). Two weeks of voluntary wheel exercise rescued cartilage atrophy in cKO mice (p< 0.0001), whilst no change was observed
in controls. RNA isolated from microdissected articular cartilage of 10
week old control and cKO mice, two weeks post tamoxifen, revealed a
statistically signiﬁcant correlation between Ift88 and Tcf7l2 expression
after Bonferroni correction (p¼0.026). Ctgf, Gli2 and Enpp1 were also
positively correlated with Ift88 expression before correction (p¼0.002,
p¼0.0037, and p¼0.009 respectively). RNA scope analysis of AC found a
statistically signiﬁcant (p< 0.0001, n¼4 in both groups) decrease in Ift88
positive cells in cKO (27.78%) compared with controls (45.18%), whilst
also showing an increase in Gli1 positive cells in cKO (50.42%) compared
with controls (23.63%) (p< 0.0001, n¼4 in both groups).
Conclusions: Progressive thickening and calciﬁcation in the mouse
medial compartment illustrates the continued mechanoadaptation of
adolescent and adult articular cartilage. Depletion of the ciliary gene
Ift88 inhibits medial articular cartilage thickening, leading to atrophy,
which then predisposes the joint to spontaneous OA. The lateral compartment is relatively unaffected. We propose this may be due, in part,
to disruption of mechanotransduction and downstream anabolic
remodelling in medial cartilage. Deletion of Ift88 impairs the progressive calciﬁcation of articular cartilage, in both compartments,
which may be due to disruption of Hh signalling, which is also
mechanosensitive. Ift88 expression was correlated with Tcf7l2, previously shown to interact and inﬂuence Hh signalling pathways in
cartilage. On-going experiments are aiming to dissect the relative roles
of IFT, mechanics and Hh in the context of adult cartilage. We conclude
that Ift88 is crucial to post-natal articular cartilage homeostasis and
chondroprotective against OA.

PRESENTATION NUMBER: 23
GENETIC AND EPIGENETIC INTERPLAY FINE-TUNES EXPRESSION OF
TGFB1, ENCODING TGF-Β1, CONTRIBUTING TO OSTEOARTHRITIS RISK
S.J. Rice, J.B. Roberts, M. Tselepi, A. Brumwell, J. Falk, C. Steven,
J. Loughlin. Newcastle Univ., Newcastle upon Tyne, United Kingdom
Purpose: The application of genome wide association studies (GWAS)
to osteoarthritis (OA) genetics research has facilitated the discovery of
almost 100 independent single nucleotide polymorphisms (SNPs) that
signiﬁcantly associate with disease risk. However, it has proven challenging to identify risk genes and pathways marked by the SNPs which
result in cartilage degradation. Without this understanding, the translation of GWAS discoveries into novel therapies continues to evade
researchers. The overwhelming majority of OA risk SNPs fall in noncoding regions of the genome and are believed to operate by impacting
upon the expression of target genes, at a detriment to cartilage health.
Genotype at SNPs can correlate with tissue-speciﬁc DNA methylation
(DNAm) of CG dinucleotides (CpGs), known as methylation quantitative
trait loci (mQTLs). This DNAm can act as an intermediary through which
SNPs regulate gene expression, however it has previously proven difﬁcult to establish causal relationships between the two effects. One OA
risk locus, at chr19q13.2, is marked by intergenic SNP rs75621460 (G>A;
minor allele frequency (MAF), 0.03). Statistical ﬁne-mapping assigned
>99% probability of rs75621460 being the single causal variant at the
locus. The SNP lies in a putative enhancer region downstream of TGFB1,
encoding transforming growth factor beta 1 (TGF-b1). In this study we
tested the region for regulatory activity, investigated the rs75621460
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gene targets, and examined whether local DNAm, along with SNP
genotype, could impact gene expression.
Methods: An open chromatin region containing either the G- or A-allele
at rs75621460 was cloned into a luciferase reporter vector. Constructs
were expressed in Tc28a2 chondrocytes and luciferase activity was
measured. The SNP region was deleted in the cells using CRISPR-Cas9.
RNA was extracted and expression levels of the two genes ﬂanking the
SNP, TGFB1 and CCDC97, were measured by RT-qPCR. We analysed
transcription factor binding to the SNP using an electrophoretic mobility shift assay (EMSA). Nuclear proteins were extracted from chondrocytes and incubated with 31bp ﬂuorescent DNA probes which
included either the G- or A-allele at rs75621460. Supershift assays were
performed using antibodies for transcription factors predicted to differentially bind at the region.DNA was extracted from the cartilage,
synovium, or whole blood of 319 patients undergoing hip or knee
arthroplasty. We genotyped DNA at rs75621460 and quantiﬁed DNAm
at six ﬂanking CpGs by pyrosequencing. We used a catalytically dead
Cas9 (dCas9) protein fused to a DNA methyltransferase (DNMT3a) to
selectively methylate the six CpGs in Tc28a2 cells.
Results: Luciferase analysis of the region conﬁrmed enhancer activity.
The G-allele construct conferred a 2.4-fold increase in luciferase activity
(P¼0.002), whilst the OA risk A-allele showed lower enhancer activity
(1.7-fold increase). EMSA analysis conﬁrmed that protein binding to the
G-allele was more abundant than to the A-allele. Furthermore, protein
complexes were detected that bound exclusively to either G or A.
Supershift analysis identiﬁed that the transcription factor SP1 binds to
both alleles in cartilage, with a greater afﬁnity for G. CRISPR-Cas9
deletion of the SNP signiﬁcantly reduced TGFB1 (P¼0.01) but not
CCDC97 (P¼0.12) conﬁrming TGFB1 as the gene target of the enhancer in
chondrocytes.We analysed DNAm in patient samples to test for mQTLs
at six CpGs ﬂanking the SNP. Due to the low MAF at rs75621460, patient
samples were screened to identify sufﬁcient heterozygote DNA for
analysis. In cartilage, signiﬁcant mQTLs were identiﬁed at all CpGs
(P<8x10 -5). At CpG1 (upstream of the SNP), the A-allele conferred a
modest increase in median DNAm (0.8%). However, at downstream sites
(CpGs 2-6), OA risk genotype had a much greater impact upon DNAm:
CpG2, 14.9% median increase; CpG3, 5.8%; CpG4, 4.1%; CpG5, 5.0%;
CpG6, 5.3%. Amongst heterozygous patients (GA), mean DNAm was
higher in knee (n¼9) samples than in hip (n¼7) at all 6 CpGs.We analysed DNA from 61 knee synovium samples to test for mQTLs in a distinct tissue of the articulating joint. Signiﬁcant mQTLs (P<0.0001) were
identiﬁed at all CpGs. We investigated whole blood samples to test for a
systemic effect but found no signiﬁcant genotype-DNAm associations
(P>0.14). In heterozygous cartilage and synovium samples, we correlated DNAm with TGFB1 expression to look for methylation-expression
QTLs (meQTLs). In cartilage, the degree of correlation was dependent
upon joint site; stronger meQTLs were measured in knee (r2¼0.47 0.99) than in hip (r2¼0.01 - 0.65). MeQTLs were observed in both cartilage and synovium at the ﬁve downstream CpGs. Notably, the impact
of increasing DNAm was antagonistic between the two tissues, correlating with increased expression of TGFB1 in cartilage, yet with
decreased expression in synovium.Finally, we investigated whether
DNAm at the six CpGs could functionally impact upon enhancer activity.
Methylation of the region in a gene reporter assay signiﬁcantly reduced
enhancer activity in both the G- (P¼0.004) and A-allele constructs
(P¼0.019). We used a DNMT3a-dCas9 fusion protein for targeted editing
of DNAm at the six CpGs. DNMT3a-dCas9 was expressed in Tc28a2
chondrocytes along with one of four guide RNAs (gRNAs) targeting the
region. Selective increases in DNAm at CpGs 3-5 resulted in a signiﬁcant
decrease (P<0.01) in expression of TGFB1 (0.77-0.80-fold). Our data
demonstrate that DNAm can impact binding of proteins 20-43bp
downstream of the SNP, modulating TGFB1 expression.
Conclusions: In this study we have conﬁrmed that rs75621460 falls
within a TGFB1 enhancer. The OA risk A-allele is associated with
decreased enhancer activity, along with an increase in DNAm. We have
identiﬁed directly opposing meQTLs in cartilage and synovium resulting from a pleiotropic effect at a single functional variant. Moreover, the
use of modern epigenome editing tools in this study has allowed us to
demonstrate a causal relationship between DNAm and gene expression.
We propose a cartilage-speciﬁc mechanism through which TGFB1 is
regulated in vivo. We hypothesise that a protein complex with strong
transcriptional activity binds to the G-allele at rs75621460, the substitution of which alters the consensus sequence for protein binding.
We hypothesise that a distinct protein complex that confers relatively
weak transcriptional activation, and which also induces methylation of
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DNA, binds to the A-allele. This leads to a genetic deﬁcit in chondrocyte
TGFB1 expression, contributing to a breakdown in cartilage integrity
over time.
PRESENTATION NUMBER: 24
CHANGES IN PAIN, FUNCTION AND GAIT BIOMECHANICS 10 YEARS
AFTER HIGH TIBIAL OSTEOTOMY FOR MEDIAL COMPARTMENT
KNEE OSTEOARTHRITIS
C.A Primeau 1, 2, T.B. Birmingham 1, 3, K.M. Leitch 1, 3, D.M. Bryant 1, 2,
Y. Zhu 1, K.R. Willits 1, 4, R.B. Litchﬁeld 1, 4, P.J. Fowler 1, 4, J. Gifﬁn 1, 4.
1
Western Univ., London, ON, Canada; 2 Bone and Joint Inst., Western
Univ., London, ON, Canada; 3 Wolf Orthopaedic Biomechanics Lab.,
Western Univ., London, ON, Canada; 4 Fowler Kennedy Sport Med. Clinic,
London, ON, Canada
Purpose: 1) To evaluate change in patient-reported outcome measures,
including OMERACT-OARSI responder criteria, at 2, 5 and 10 years after
medial opening high tibial osteotomy (HTO); 2) to evaluate change in
gait biomechanics at 2, 5 and 10 years after HTO; 3) to investigate the
association between baseline gait biomechanics and changes in pain
and function over time.
Methods: A subgroup of patients participating in a prospective cohort
study returned for long-term follow-up. Patients with varus alignment
and symptomatic medial compartment knee osteoarthritis (OA) completed patient-reported outcome measures and 3-D gait analysis before
and at 2, 5 and 10 years after undergoing medial opening wedge HTO.
The Knee injury and Osteoarthritis Outcome Score (KOOS) (5 subscales
and a composite score [KOOS5]; scores range ¼ 0 [worst] to 100 [best])
was completed at each time point. The change in pain and function
were used to determine response according to the OMERACT-OARSI
responder criteria. We deﬁned a responder as 20% improvement with
an absolute change 10 points from baseline in both the KOOS Pain and
Function in daily living (function) subscales. The proportions of patients
achieving responder criteria at 2, 5 and 10 years were calcluated.
Patients underwent 3-D quantitative gait analysis using a 12-camera
motion capture system and a ﬂoor-mounted force plate. The present
analysis focused on the external knee adduction and ﬂexion moments,
calculated using inverse dynamics, over 100% of stance and expressed in
Nm and %Bw*Ht. For each patient, at each time point, we calculated the
ﬁrst and second peak knee adduction moment (KAM), the KAM impulse
(KAI) and the peak knee ﬂexion moment (KFM) based on the mean of
ﬁve walking trials. We evaluated the change in each KOOS score (outcome) over time (predictor; baseline, 2, 5 and 10 years postoperative)
using mixed effects linear regression models where time was included
as a categorical predictor variable. We also used separate mixed effects
linear regression models to evaluate the change in gait biomechanics
(outcome; 1 st peak KAM, 2nd peak KAM, KAI and peak KFM). Lastly, we
completed a mixed effects linear regression model to evaluate the
association of the baseline KAI and peak KFM (predictors) with the
KOOS Pain subscale (outcome) over time (categorical predictor). This
analysis was repeated using the KOOS Function in daily living subscale
as the outcome. We also repeated the analyses while controlling for
baseline covariates: age, sex, body mass index (BMI) and radiographic
disease severity (Kellgren Lawrence [KL]; divided into KL grade  2 and
KL 3 or 4), and while substituting KAI for the 1st peak KAM, then the 2nd
peak KAM. In all regression models, we report regression parameters
with 95% conﬁdence intervals (CIs) and we speciﬁed random intercepts
by the patient ID.
Results: The cohort included 102 patients. At baseline, 83 (81%) were
male and mean age, BMI and varus alignment (mechanical axis angle)
were 47.1 ± 8.7 years, 28.7 ± 4.7 kg/m2 and -8.1 ± 4.1 degrees, respectively. Twenty-eight patients (27%) had KL grade  2, while 74 (73%) had
KL grade 3 or 4. Adjusted outcome means are presented in Table 1 for
measures at baseline, 2, 5 and 10 years, as well as adjusted time effects
(i.e. mean changes from baseline) for each follow-up visit. All KOOS
subscales increased substantially from baseline to 2 years following
HTO (range ¼ 18 to 30 points) (Figure 1). Although changes deteriorated
over time, resulting 10-year improvements remained substantial (range
¼ 11 to 25 points). The OMERACT-OARSI responder criteria were met by
73% of patients at 2 years, 60% of patients at 5 years and 53% of patients
at 10 years postoperative.The peak KAM and KAI decreased substantially from baseline to 2 years following HTO. The 1 st and 2nd peak
KAM decreased by 1.7 %Bw*Ht (unstandardized b ¼ -1.7 [95%CI, -1.8 to
-1.5]) and 1.5 %Bw*Ht (unstandardized b ¼ -1.5 [95%CI, -1.6 to -1.3]),
respectively (Figure 2), while the KAI decreased by 0.8 %Bw*Ht*s

(unstandardized b ¼ -0.8 [95%CI, -0.9 to -0.8]). Although changes
deteriorated slightly over time, sizeable changes were maintained at 10
years post-HTO. Comparatively, the peak KFM showed a consistent,
gradual decrease (unstandardized b ¼ -0.9 %Bw*Ht [95%CI, -1.1 to -0.6])
from baseline to 10 years (Figure 2).The baseline KAI (in Nm*s) was
associated with KOOS Pain subscale (unstandardized b ¼ -7.3 [95%CI,
-13.3 to -1.3]) and the KOOS Function in daily living subscale (unstandardized b ¼ -7.2 [-12.6 to -1.8]) while controlling for the effect of time
(Table 2). As the b coefﬁcients were scaled to reﬂect a difference in KAI
of 20 Nm*s, ﬁndings indicate a 20 Nm*s reduction in KAI results in
approximately 7 point improvement in either KOOS subscale. Results
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were similar when controlling for baseline covariates including age, sex,
body mass index and radiographic disease severity, as well as substituting the KAI for the 2 nd peak KAM. Although substituting impulse
with the 1st peak KAM also provided similar results, the conﬁdence
interval for the 1st peak KAM variable included 0.
Conclusions: In this subgroup of patients who agreed to return for 10year 3-D gait biomechanics testing, Results suggest pain and function
remain substantially improved 10 years after medial opening HTO,
including > 50% of patients maintaining the OMERACT-OARSI responder criteria. Similarly, substantial reductions in gait biomechanic
parameters are maintained at 10 years follow-up. Further, results suggest baseline KAM is associated with the change in KOOS Pain and
Function in daily living subscales over a 10-year period, where smaller
baseline moments are associated with larger improvements in KOOS.
PRESENTATION NUMBER: 25
TIME WAITS FOR NO ONE - A PRELIMINARY ANALYSIS OF AN
INCEPTION MATCHED-PAIR COHORT STUDY OF YOUTH SPORT
KNEE INJURY
C.Y Le 1, 2, A. Pajkic 3, J.M. Losciale 4, 2, J.L. Whittaker 4, 2. 1 Faculty of
Rehabilitation Med., Univ. of Alberta, Edmonton, AB, Canada; 2 Arthritis
Res. Canada, Richmond, BC, Canada; 3 Faculty of Kinesiology, Sport, and
Recreation, Univ. of Alberta, Edmonton, AB, Canada; 4 Dept. of Physical
Therapy, Faculty of Med., Univ. of British Columbia, Vancouver, BC, Canada
Purpose: Knee injuries are associated with a 6-fold increased risk of
post-traumatic osteoarthritis (PTOA) and 7-fold increased odds of
arthroplasty. Although less prevalent than idiopathic osteoarthritis
(OA), PTOA is accompanied by a greater number of years lived with
disability due in part to a younger age of onset. Best evidence suggests
that PTOA may be amenable to prevention and early treatment. We
have previously demonstrated that youth who experience a wide range
of sport-related knee injuries demonstrate greater knee-related
symptoms, physical dysfunction, muscle weakness, and adiposity
within 3-10 years compared to matched uninjured youth and this may
compound their risk for PTOA. A better understanding of the onset and
progression of clinical features (i.e., symptoms, physical disability,
inactivity, fear of reinjury) and additional risk factors (i.e., muscle
weakness, adiposity) for OA after a joint injury is needed to develop and
implement effective prevention strategies.
Methods: Participants include the ﬁrst 53 matched pairs (n¼106, 53
youth who sustained a sport-related intra-articular knee injury within
the previous four months and 53 age-, sex-, and sport-matched uninjured controls) from an ongoing inception cohort study with baseline
and ﬁrst follow-up data. Knee injury was deﬁned as a clinical diagnosis
of a ligament, meniscus, or other intra-articular tibiofemoral or patellofemoral injury requiring medical attention and resulting in time-loss
from sport. Demographic characteristics and outcomes were collected
at baseline (within four months of injury) and six-month follow-up.
Outcomes included: body mass index, percent fat mass (bioelectrical
impedance), normalized bilateral knee extensor and ﬂexor peak torque
(isokinetic dynamometry), hop performance (triple single leg hop;
TSLH), average daily minutes of physical activity and step count
(accelerometer); self-reported average weekly minutes of sport
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participation, self-reported type of sport participation (team, cutting, or
multi-sport), self-reported knee-related symptoms, function, and
quality of life (Knee injury and Osteoarthritis Outcome Score; KOOS),
and self-reported fear of re-injury (Tampa Scale for Kinesiophobia;
TSK). Descriptive statistics and mean within-pair differences (95%CI)
were calculated for all outcomes at both time points and for the change
in outcome over the follow-up period by study group. Exploratory
multivariable linear regression (95% CI), accounting for matching,
assessed the inﬂuence of sex on the relationship between injury history
and change in percent fat mass, index knee extensor and ﬂexor peak
torque, average daily minutes of total physical activity, and KOOS
symptoms subscale scores.
Results: Of 427 individuals who expressed interest in the study, 315
(74%) were screened for eligibility and 190 (44%) were enrolled. Of the
190 participants, we identiﬁed 53 matched pairs (n¼106 participants)
that completed both baseline and the six-month follow-up visits. The
median (range) age of participants was 16.4 years (10.9-20.0) and 77%
were girls or young women (Table 1). Of the injured participants, 45%
experienced an anterior cruciate ligament tear. Tables 2-4 summarize
the mean within-pair differences at baseline, six-month follow-up, and
change from baseline to follow-up. At each time point, the injured
group demonstrated inferior index knee extensor [mean within-pair
difference (95%CI): baseline -2.0 Nm/kg (-2.7,-1.3), follow-up -1.1 Nm/kg
(-1.6, -0.6)] and ﬂexor peak torque [baseline -1.5 Nm/kg (-2.0, -1.0),
follow-up -0.7 Nm/kg (-1.1, -0.3)], average daily minutes of total
[baseline -28.0 minutes (-52.2, -3.9), follow-up -30.2 minutes (-59.4,
-0.9)] and vigorous physical activity [baseline -6.9 minutes (-10.8, -2.9),
follow-up -4.4 minutes (-8.4, -0.5)], average daily step count [baseline
-2014 steps (-3398, -629), follow-up -2145 steps (-3951, -339], KOOS
pain, symptoms, daily living function, sport and recreational activity
function, and quality of life subscale scores (Table 4), and TSK score
[baseline 5.7 (3.0, 8.3), follow-up 4.0 (1.7, 6.4)] compared to the uninjured group. There were no between-group differences in percent fat
mass [baseline 2.4% (-0.4, 5.2), follow-up 2.9% (-0.5, 6.3)], daily moderate physical activity [baseline -3.5 minutes (-7.5, 0.5), follow-up -6.2
minutes (-12.4, 0.1)], or daily sedentary time [baseline -32.9 minutes
(-95.9, 30.0), follow-up -12.5 minutes (-64.4, 39.5)] at any time point.
The injured group demonstrated greater gains in index knee extensor
[0.8 Nm/kg (0.1, 1.5)] and ﬂexor peak torque [0.8 Nm/kg (0.3, 1.2)] and
KOOS subscale scores over the follow-up period (Table 4). There was no
evidence of sex modifying the relationship between injury history and
percent fat mass, index knee extensor and ﬂexor peak torque, average
weekly minutes of sport participation, or KOOS symptoms scores (Table
5). This may be due in part to the limited number of male matched pairs.
Conclusions: The ﬁndings of these preliminary analyses suggest some
clinical features (i.e., muscle weakness, symptoms, physical disability)
that compound the risk for OA are present at the time of a youth sportrelated knee injury and persist up to at least six months post-injury.
Conversely, other risk factors (i.e., adiposity), which have been

Characteristics

Sex (% female, 95%CI)
Age at injury (years)
Age at baseline (years)
Height (m)
Weight (kg)
Body mass index (kg/m2)
Type of injury (% ACL, 95%CI)
Injury to baseline (months)
Baseline to follow-up (months)
Main sport (% soccer, 95%CI)
Main sport level (% club, 95%CI)#

Uninjured

Injured

n¼53

n¼53

77.4 (64.1, 86.8)
16.9 (10.9-20.1)
1.66 (1.47-1.87)
59.7 (31.3-125.5)
22.0 (14.5-36.4)
5.8 (4.2-7.7)
37.7 (25.7, 51.5)
74.5 (60.7, 84.7)

77.4 (64.1, 86.8)
16.1 (11.0-19.6)
16.2 (11.2-19.8)
1.65 (1.50-1.90)
61.1 (46.4-121.0)
22.7 (15.9-40.4)
45.3 (32.2, 59.0)
1.1 (0.3-3.7)
6.2 (4.5-8.9)
39.6 (27.3, 53.4)
62.7 (48.7, 74.9)

Values represent median (range) unless otherwise noted.
ACL, anterior cruciate ligament; CI, conﬁdence interval; kg, kilogram; m, metre;
n, number of participants. #Options include recreational, club, school, varsity,
provincial, or national.

Table 1

Baseline Participant
Characteristics

Osteoarthritis
andCartilage
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Outcome

Baseline

Six-Month Follow-Up

Baseline to Follow-Up Difference

Index knee extensor peak torque (Nm/kg)
Index knee ﬂexor peak torque (Nm/kg)
Non-index knee extensor peak torque (Nm/kg)
Non-index knee ﬂexor peak torque (Nm/kg)
Index triple single leg hop (cm)&
Non-index triple single leg hop (cm)^

-2.0 (-2.7, -1.3)
-1.5 (-2.0, -1.0)
-0.5 (-1.0, -0.1)
-0.7 (-1.2, -0.3)
-20.8 (-73.8, 32.2)
-18.9 (-47.8, 10.0)

-1.1 (-1.6, -0.6)
-0.7 (-1.1, -0.3)
-0.3 (-0.7, 0.2)
-0.2 (-0.6. 0.2)
-40.6 (-77.8, -3.5)
-14.9 (-41.8, 12.0)

0.8 (0.1, 1.5)
0.8 (0.3, 1.2)
0.3 (-0.1, 0.8)
0.6 (0.1, 1.1)
17.5 (-16.0, 50.9)
7.9 (-23.3, 39.1)

Values represent mean within-pair difference: injured-uninjured (95%CI).
CI, conﬁdence interval; cm, centimetre; kg, kilogram; Nm, Newton-metre.
&Baseline: n¼22 (11 matched pairs); six-month follow-up: n¼46 (23 matched pairs); baseline to follow-up difference: n¼16 (8 matched pairs).
^Baseline: n¼70 (35 matched pairs); six-month follow-up: n¼76 (38 matched pairs); baseline to follow-up difference: n¼54 (27 matched pairs).

Table 2

Osteoarthritis
andCartilage

Strength and Function Outcomes Mean Within-Pair Differences

Outcome

Baseline

Six-Month Follow-Up

Baseline to Follow-Up Difference

Fat mass (%)
Average daily
Average daily
Average daily
Average daily
Average daily
Average daily

2.4 (-0.4, 5.2)
-28.0 (-52.2, -3.9)
-6.9 (-10.8, -2.9)
-3.5 (-7.5, 0.5)
-9.9 (-16.6, -3.2)
-32.9 (-95.9, 30.0)
-2014 (-3399, -629)

2.9 (-0.5, 6.3)
-30.2 (-59.4, -0.9)
-4.4 (-8.4, -0.5)
-6.2 (-12.4, 0.1)
-10.6 (-19.0, -2.2)
-12.5 (-64.4, 39.5)
-2145 (-3951, -339)

1.2 (-1.0, 3.4)
-14.8 (-44.8, 15.3)
1.7 (-1.8, 5.3)
-3.6 (-10.0, 2.8)
-1.8 (-9.7, 6.0)
-21.2 (-94.5, 52.0)
-507 (-2530, 1516)

total physical activity (minutes)
vigorous activity (minutes)
moderate activity (minutes)
MVPA (minutes)
sedentary time (minutes)
step count (steps)

Values represent mean within-pair difference: injured-uninjured (95%CI).
CI, conﬁdence interval; MVPA moderate to vigorous physical activity.

Table 3

Osteoarthritis
andCartilage

Adiposity and Physical Activity Outcome Mean Within-Pair Differences

Outcome

Baseline

Six-Month Follow-Up

Baseline to Follow-Up Difference

KOOS pain
KOOS symptoms
KOOS daily living function
KOOS sport and recreational activity function
KOOS quality of life
TSK
Average weekly sport participation (minutes)

-26.0 (-31.7, -20.3)
-30.2 (-35.6, -24.7)
-16.7 (-21.2, -12.2)
-41.6 (-50.0, -33.2)
-60.0 (-66.9, -53.0)
5.7 (3.0, 8.3)
316.4 (-3.1, 635.9)

-12.4 (-16.5, -8.3)
-13.2 (-17.5, -8.9)
-5.3 (-8.8, -1.7)
-18.8 (-25.6, -11.9)
-41.8 (-50.1, -33.5)
4.0 (1.7, 6.4)
-34.2 (-241.1, 172.7)

14.5 (9.6, 19.5)
17.7 (12.8, 22.6)
12.0 (7.2, 16.7)
24.1 (16.5, 31.8)
18.5 (10.9, 26.1)
-1.6 (-4.3, 1.1)
-428.3 (-771.6, -85.0)

Values represent mean within-pair difference: injured-uninjured (95%CI).
CI, conﬁdence interval; KOOS, Knee injury and Osteoarthritis Outcome Score; TSK, Tampa Scale for Kinesiophobia

Table 4

Osteoarthritis
andCartilage

Self-Reported Outcomes Mean Within-Pair Differences

Outcome

Constant

Injury History

Sex#

Fat mass (%)
Index knee extensor peak torque (Nm/kg)
Index knee ﬂexor peak torque (Nm/kg)
Average daily total physical activity (minutes)
KOOS symptoms

0.6, (-0.6, 1.8)
0.2 (-0.1, 0.5)
0.1 (-0.8, 0.3)
-8.9 (-27.9, 10.2)
-0.8 (-2.7, 1.2)

1.1 (-1.0, 3.2)
0.7 (0.1, 1.4)
0.7 (0.3, 1.1)
1.0 (-28.1, 30.1)
17.8 (13.0, 22.6)

2.1 (-1.6, 5.8)
-0.5 (-1.4, 0.4)
0.2 (-0.5, 0.9)
-3.4 (-46.8, 40.1)
3.0 (-2.1, 8.2)

Values represent coefﬁcient (95%CI).
CI, conﬁdence interval; kg, kilogram; KOOS, Knee injury and Osteoarthritis Outcome Score; Nm, Newton-metre.
#
Reference is female sex (0).

Table 5

Inﬂuence of Sex on Association Between Injury and Change in Outcomes

Osteoarthritis
andCartilage
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identiﬁed as early as three years post-injury, are not present early after
injury and may be avoidable. Although sport-related knee injuries and
OA are more common in women than men, sex- or gender-based differences in clinical symptoms and compounding risk factors may not be
apparent in the post-injury period. Strategies to prevent or delay the
onset of PTOA should proactively address deﬁcits in knee muscle
function and physical activity as well as contributing factors (e.g.,
symptoms, fear of re-injury) that persist after a sport-related knee
injury. Further longitudinal follow-up of this population is required to
conﬁrm these preliminary ﬁndings.
PRESENTATION NUMBER: 26
TAXONOMIC CHANGES IN THE MICROBIOTA ARE ASSOCIATED WITH
CARTILAGE DAMAGE IN A MOUSE MODEL OF HIGH-FAT DIET AND OA
K.H. Collins, D.J. Schwartz, K.L. Lenz, C.A. Harris, F. Guilak. Washington
Univ. in St. Louis, St. Louis, MO, USA
Purpose: Changes in gut microbiota composition have been associated
with osteoarthritis (OA) onset and progression, especially in the presence of obesity. However, separating contributing factors that occur
with obesitydgut microbiota dysbiosis, host responses from adipose
tissue, circulating inﬂammatory mediators, and dietd has been difﬁcult. The purpose of this study was to use a mouse model of lipodystrophy (LD) to separate many factors previously associated with OA and
obesity (i.e., synovitis, bone changes, inﬂammation) to evaluate relations between gut microbiota and OA. We found that LD mice are
protected from cartilage damage, and high fat feeding does not reverse
the cartilage protection phenotype or inﬂuence/worsen the metabolic
dysregulation of LD mice fed a control diet. Furthermore, this protection
can be reversed by the implantation of a small transplant of adipose
tissue into LD mice, so comparing gut microbiota across these conditions provides the opportunity to assess changes in the gut microbiome while controlling for adipose tissue, obesogenic diet, and
metabolic disturbance. As such, we hypothesized that taxonomic
changes in the gut microbiota are associated with OA severity, when
controlling for these effects using LD mice.
Methods: LD mice were created by crossing adiponectin-Cre mice with
homozygous lox-stop-lox-ROSA-diphtheria toxin A (DTA) mice. DTA/+
wild-type (WT) littermates were maintained as controls. Mice were fed
either a chow control diet (10%) or high fat diet (60% kcal) from
weaning. Mice of different genotypes were co- housed to control for
cage effects in gut microbiota. A subgroup of LD mice received either a
mouse embryonic ﬁbroblast transplant (MEF-R) between 3-5 weeks of
age that becomes adipose-like tissue, or wildtype fat transplant containing visceral and subcutaneous fat (WF-R) between 6-8 weeks of age
(n¼7-10 animals/group). At 16-weeks, mice underwent surgery for
destabilization of the medial meniscus (DMM) in their left knee joints,
and the right limb served as a non-surgical contralateral control. Intact
lower limbs, serum, and fecal samples were collected immediately after
sacriﬁce. To evaluate OA severity, safranin-O/fast green stained sections
were assessed using the Modiﬁed Mankin Score. Data were analyzed by
repeated measures ANOVA (genotype, limb, diet) and post hoc testing.
Serum LPS concentration was measured using a Pierce LAL Chromogenic Endotoxin Quantitation Kit. Fecal samples were analyzed using
16s rRNA Amplicon Sequencing to evaluate the microbial ecology of
each sample on the Illumina NovaSeq Platform (Mr. DNA, Shallowwater,
TX). Operational taxonomic units (97% OTUs) were assigned using
QIIME2 and classiﬁed using BLASTn against the NCBI database. Statistical analysis was performed using R. Bray-Curtis distance between
microbiota was calculated and principal coordinate analysis was used to
visualize the data in these matrices. Pairwise analysis of similarities
(ANOSIM) was utilized to determine signiﬁcant differences in microbial
community b diversity. MaAslin2 was used to determine multivariable
associations via generalized linear regression between taxonomic relative abundance and OA severity by controlling for ﬁxed effects of
group, diet, genotype, surgery and OA. P-values were corrected for
multiple comparisons using Benjamini-Hochberg (BH) correction,
a¼0.05.
Results: LD animals were protected from DMM-induced cartilage
damage on chow or HFD diet. The severity of joint OA in either of the fat
transplant LD mice was similar to DMM damage in WT control animals,
demonstrating reversal of the cartilage protection LD phenotype (Fig.
1A). In a subset of animals, there was no difference in serum LPS levels
between groups. Species richness was decreased in all groups compared
to chow-fed WT animals (Fig. 1B). LD mice demonstrated similar
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decreased species richness to HFD-fed WT animals. HFD-fed LD mice,
MEF-R, and WT-R animals demonstrated further decreased species
richness compared to chow LD and HFD WT animals. Shannon Diversity
Index, a measure of evenness and species richness, was similar between
chow-fed LD chow WT and HFD WT animals, and decreased in LD, HFD
LD, MEF-R, and WF-R animals (Fig. 1C). Bacteroidetes:Firmicutes ratio
was similar in chow-fed LD and WT animals, but signiﬁcantly reduced
in HFD WT, HFD LD, WF-R, and MEF-R animals when compared to chow
WT (Fig. 1D). ANOSIM of the weighted UNIFRAC distance matrix indicated signiﬁcant differences between each treatment group with all
other treatment groups. Bray-Curtis dissimilarity matrices reveal that
MEF-R and WF-R groups completely overlapped HFD LD suggesting
more similar compositions (Fig. 1E). Differences in the relative abundance of several phyla between WT and LD mice were enhanced on HFD
(Fig. 1F). Speciﬁcally, Firmicutes were increased in both HFD and rescue
groups. Generalized linear mixed effect models indicated 9 signiﬁcant
associations of species with OA severity determined by Modiﬁed
Mankin Score (P<0.05, BH correction). The majority of these signiﬁcant
relationships were negative: with paraprevotella spp. (bacteroidetes),
citrobacter spp. (proteobacteria), dorea spp. (ﬁrmicutes), anaerovorax
spp. (ﬁrmicutes), blautia spp. (ﬁrmicutes), mucispirillum (deferribacteres), and lachnoclostridium spp. (clostridium). Signiﬁcant positive
relationships were observed with rikenella spp. (bacteroidetes) and
kingella spp. (proteobacteria) (Fig. 1G).
Conclusions: We found that key taxonomic changes in gut microbiota
are associated with OA severity, when controlled for obesogenic diet
and the presence of adipose tissue. While MEF-R and WT-R restored
susceptibility to cartilage damage in transplanted LD mice, the gut
microbiota from these animals was more similar to HFD-fed WT and
HFD LD mice versus chow-fed LD mice. This is surprising as HFD is
known to induce microbiota alterations, and we previously found that
MEF-R and WT-R reversed metabolic dysfunction in LD animals. HFDLD mice demonstrated a reduced Bacteroidetes:Firmicutes ratio,
despite displaying protection from cartilage damage. These data suggest
that this overall ratio may not be reﬂective of cartilage health, although
typically an increased Bacteroidetes:Firmicutes ratio is associated with
reduced inﬂammation and cartilage health. Moreover, negative associations with species from both Bacteroidetes and Firmicutes phyla
were observed to have signiﬁcant negative associations with Modiﬁed
Mankin Score, which demonstrates decreases in pro-inﬂammatory ﬁrmicutes spp. can occur with OA. Previous studies have demonstrated
that anaerovorax spp. is typically depleted in obese individuals, which is
consistent with the signiﬁcant negative relationship found here with
OA when controlling for diet. While the association between rikenella
spp. and cartilage damage is a novel association, kingella spp. have
previously been reported in cases of septic arthritis and osteoarticular
infection in children. Using this model of lipodystrophy, we can separate the role of diet, adipose tissue host-response, and systemic
inﬂammation to proﬁle links between gut microbiota and OA. We
identiﬁed 9 novel associations between gut microbiota species and OA
when controlling for inﬂammation and diet that could be modulated in
future studies to understand the causal role between alterations in the
gut microbiome and cartilage health.

PRESENTATION NUMBER: 27
EVALUATION OF OSTEOARTHRITIS QUESTIONNAIRE CHECK LIST TO
SELECT PAIN THAT CAN BE ALLEVIATED WITH EXERCISE IN
PATIENTS WITH HIP OSTEOARTHRITIS AND HARRIS HIP SCORE
BELOW 60 POINTS
T. Tsunoda 1, K. Hayashi 2, Y. Tobo 2, F. Ichikawa 1. 1 Asama Gen. Hosp.,
Saku, Nagano, Japan,; 2 Fukuoka Wajiro Hosp., Fukuoka-city, Fukuoka,
Japan
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Purpose: Pericapsular soft tissue and realignment (PSTR) exercise was
developed to prevent or postpone surgery for patients with hip osteoarthritis (OA). At the OARSI 2015 World Congress, we reported that
pelvic realignment exercise reduced the walking instability caused by
hardening of the erector spinae on the affected hip, and that back and
forth ﬁgure-of-8 exercise improved the reduced range of motion (ROM),
resulting in decreased hip pain. We analyzed the details of patients’
symptoms for 14 years, and found two major mechanisms of hip pain.
One mechanism is motion pain in which patients experience hip pain
while standing and when taking the ﬁrst few steps after arising, with
decreased hip pain as they continue walking. The other mechanism is
walking pain in which patients experience more intense hip pain during
walking than while standing and when taking the ﬁrst few steps.
Motion pain can be alleviated with PSTR exercises, while severe walking
pain requires surgery. We performed the present multicenter, prospective, single-arm study to investigate the effectiveness of PSTR
exercises and the effectiveness of an OA questionnaire checklist (Fig. 1)
in identifying motion pain in patients with a Harris Hip Score (HHS)
below 60 points.
Methods: Six hundred-and-ﬁfty-seven patients with hip pain visited
the Arthritis Center at Fukuoka Wajiro Hospital and the Department of
Orthopaedic Surgery at Asama General Hospital from August 2017 to
September 2019. The study design is shown in Fig. 2, and the inclusion
and exclusion criteria are shown in Table 1. We also excluded patients
who changed the type or increased the dosage of analgesic, and those
who received chiropractic care or other hip joint exercise therapy and
surgery. The primary outcome was the change in the HHS, and the
secondary outcomes are shown in Fig. 2. The patients were divided into
the unilateral OA group (no pain on the contralateral side, HHS 44
points) and the bilateral OA group (pain in both hips, HHS below 40
points bilaterally). In the bilateral OA group, the more painful hip was
analyzed. The numeric rating scale (NRS) for pain, abduction ROM, and
timed up and go (TUG) test were assessed at baseline, and at 3- and 6month follow-up visits. At each follow up, the outcomes were assessed
from 1 month before the scheduled follow-up date to 1 month after At
each follow-up, the outcomes were assessed from 1 month before the
scheduled follow-up date to the date of the follow-up visit (Fig. 3). Data
scrubbing and statistical analysis were performed by the Clinical
Research Support Center Kyushu, Japan, using an electronic data capture system. The paired t-test was used to assess intra-personal changes

in outcome measures. A linear regression model was used to analyze
the associations between outcome measures. All analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, NC, USA). P<0.05 was
considered signiﬁcant. The analysis was divided into Analysis 1 (analysis of all participants who performed PSTR exercises) and Analysis 2
(analysis of participants from Analysis 1 with a minimal joint space of 0
mm). The trial was registered at UMIN Clinical Trials Registry
(UMIN000028277) on July 20th, 2017. The study was carried out in
accordance with the Helsinki Declaration and was approved by the
Ethics Committees of Fukuoka Wajiro Hospital and Asama General
Hospital.
Results: The patients’ baseline characteristics are shown in Table 2.
There were 196 patients with a HHS below 60 points. After the exclusion of three patients, 193 patients were analyzed.Analysis 1 (193
patients): Both groups showed signiﬁcant improvements in the NRS,
abduction ROM, and TUG test within 30 minutes after PSTR exercises at
baseline (p<0.001) (Table 3A). The HHS signiﬁcantly improved between
baseline and 3 months and between baseline and 6 months in both
groups (p<0.001) (Table 3A). The prevalence of pain while standing and
when taking a few steps after arising (i.e. motion pain) signiﬁcantly
decreased between baseline and 3 months and between baseline and 6
months in the unilateral OA group (Table 4A), but not in the bilateral OA
group (Table 4B). This motion pain was not signiﬁcantly associated with
changes in the NRS, abduction ROM, and TUG test before and after PSTR
exercises at baseline, changes in the HHS (at 3 months and 6 months), or
the minimal joint space (Table 5).Analysis 2 (130 patients): Both groups
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showed signiﬁcant improvements in the NRS, abduction ROM, and TUG
test within 30 minutes after PSTR exercises at baseline (p<0.001) (Table
3B). The HHS signiﬁcantly improved between baseline and 3 months
and between baseline and 6 months in both groups (p<0.001) (Table
3B). All secondary outcomes showed signiﬁcant improvement during
one or both time periods (between baseline and 3 months, and between
baseline and 6 months), as in Analysis 1 (Table 3B).
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Conclusions: PSTR exercises signiﬁcantly reduced pain, increased
abduction ROM, and improved TUG test Results in patients with a HHS
below 60 points, even in patients with cartilage loss. The OA questionnaire checklist could not differentiate between motion pain and
walking pain. Revision of the OA questionnaire checklist and supporting
test are required.
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Inclusion Criteria

Exclusion Criteria

Table 1

Primary registration

Secondary registration

1)Patients who wish to prevent surgery
2)Patients with 18-85 years at consent
3)Patients with hip pain for more 3 months
4)Patients eligible for more than 2 of the following ABC criteria(ACR:
American College of Rheumatology criteria) or D on radiography
A: ESR<20mm/h ia
B: ostoephytes(femoral or acetabular)
C: joint space narrowing
a) Patients who are not eligible for D item and eligible for only one item of B
or C in 4) should be conﬁrmed about.
5)Patients in which the difference in the height of the tip of the greater
trochanter was below 2.0 cm on standing full-length radiographs of the
lower extremities
6)Patients with consent by documents for the participation in this study
The presence of deseases other than OA

1)Patients with an HHS below 60 points

The presence of MRI ﬁnding other than OA

Osteoarthritis
andCartilage

Inclusion criteria and exclusion criteria of primary and secondary registration

Variablesx

Categories

Age (years)
Gender, N (%)

Male
Female

BMI (kg/m2)
Duration of pain (months)
HHS (0-100)
K/L grade, N (%)

Minimal joint space (MJS, mm)
Study center, N (%)

Grade
Grade
Grade
Grade

1
2
3
4

Fukuoka Wajiro Hospital
Asama General Hospital

Unilateral OA Group (n¼110)

Bilateral OA Group (n¼83)

p value

62.5 (9.7)
10 (9.1%)
100 (90.9%)
23.1 (3.3)
67.1 (83.3)
51.3 (7.9)
8 (7.3%)
27 (24.5%)
29 (26.4%)
46 (41.8%)
1.0 (1.5)
77 (70.0%)
33 (30.0%)

60.3 (8.9)
8 (9.6%)
75 (90.4%)
23.8 (3.5)
78.4 (100.6)
50.8 (7.1)
10 (12.0%)
13 (15.7%)
27 (32.5%)
33 (39.8%)
0.8 (1.4)
70 (84.3%)
13 (15.7%)

0.105
0.897
0.192
0.689

0.272
0.021

x Mean (Standard Deviation) or frequency (percent), y t-test for continuous variables and Chi-square test for discrete variables.

Table 2

Baseline characteristics

Table 5A

Pain while standing / Groin
Pain while standing / Lateral
side of hip
Pain while standing / Buttock
Pain when taking a few steps
after arising / Groin
Pain when taking a few steps
after arising / Lateral side of
hip
Pain when taking a few steps
after arising / Buttock
Pain within 15 minutes after
starting to walk with both
feet / Groin
Pain within 15 minutes after
starting to walk with both
feet / Lateral sideof hip

Minimal Joint
Space (mm)
(Baseline)

NRS Change from
baseline (after PSTR
exercises)

Abduction of ROM /
Change from
baseline (after PSTR
exercises)

TUG test / Change
from baseline (after
PSTR exercises)

HHS / Change from
baseline (3months)

HHS / Change from
baseline (6months)

-0.50 (-1.16 to
0.16), p ¼ 0.134
-0.42 (-0.99 to
0.16), p ¼ 0.158
0.15 (-0.45 to
0.74), p ¼ 0.629
0.15 (-0.51 to
0.81), p ¼ 0.651
-0.54 (-1.12 to
0.04), p ¼ 0.066

0.24 (-0.62 to 1.10),
p ¼ 0.584
0.20 (-0.56 to 0.95),
p ¼ 0.611
0.37 (-0.40 to 1.15),
p ¼ 0.344
-1.05 (-4.01 to
1.91), p ¼ 0.484
-0.25 (-1.02 to
0.51), p ¼ 0.515

0.12 (-2.88 to 3.12),
p ¼ 0.935
0.72 (-1.91 to 3.36),
p ¼ 0.588
0.83 (-1.87 to 3.53),
p ¼ 0.544
-0.09 (-0.62 to
0.44), p ¼ 0.746
1.48 (-1.17 to 4.13),
p ¼ 0.270

-0.26 (-0.79 to
0.28), p ¼ 0.347
0.07 (-0.40 to 0.54 ),
p ¼ 0.773
-0.33 (-0.81 to
0.15), p ¼ 0.180
-0.09 (-0.62 to
0.44), p ¼ 0.746
-0.06 (-0.53 to
0.42), p ¼ 0.813

-5.75 (-13.02 to
1.53), p ¼ 0.120
0.20 (-6.11 to 6.51),
p ¼ 0.949
2.40 (-3.90 to 8.71),
p ¼ 0.451
1.50 (-5.76 to 8.75),
p ¼ 0.683
3.26 (-3.07 to 9.60),
p ¼ 0.309

-7.63 (-16.29 to
1.03), p ¼ 0.083
0.31 (-7.35 to 7.97),
p ¼ 0.936
2.27 (-5.50 to
10.04), p ¼ 0.563
-3.71 (-12.85 to
5.44), p ¼ 0.422
2.66 (-4.99 to
10.30), p ¼ 0.491

0.20 (-0.40 to
0.79), p ¼ 0.514
0.01 (-0.62 to
0.64), p ¼ 0.969

0.29 (-0.48 to 1.06),
p ¼ 0.455
0.12 (-0.70 to 0.93),
p ¼ 0.775

0.23 (-2.45 to 2.91),
p ¼ 0.864
-2.86 (-5.63 to
-0.08), p ¼ 0.044

-0.20 (-0.67 to
0.28), p ¼ 0.421
0.12 (-0.39 to 0.62),
p ¼ 0.651

2.73 (-3.54 to 9.00),
p ¼ 0.389
5.27 (-1.48 to
12.01), p ¼ 0.124

2.73 (-3.54 to 9.00),
p ¼ 0.389
2.66 (-5.88 to
11.20), p ¼ 0.537

-0.47 (-1.06 to
0.12), p ¼ 0.115

-0.33 (-1.11 to
0.44), p ¼ 0.397

-0.05 (-2.75 to
2.66), p ¼ 0.972

-0.11 (-0.60 to
0.37), p ¼ 0.642

4.04 (-2.50 to
10.58), p ¼ 0.223

0.43 (-7.40 to 8.26),
p ¼ 0.914

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

S35

Table 5A (continued )
Minimal Joint
Space (mm)
(Baseline)

NRS Change from
baseline (after PSTR
exercises)

Abduction of ROM /
Change from
baseline (after PSTR
exercises)

TUG test / Change
from baseline (after
PSTR exercises)

HHS / Change from
baseline (3months)

HHS / Change from
baseline (6months)

Pain within 15 minutes after
starting to walk with both
feet / Buttock
Minimal Joint Space (mm)

-0.05 (-0.63 to
0.53), p ¼ 0.874

0.51 (-0.24 to 1.26),
p ¼ 0.178

-1.46 (-4.07 to
1.14), p ¼ 0.268

0.01 (-0.46 to 0.48),
p ¼ 0.953

4.36 (-1.84 to
10.57), p ¼ 0.166

0.13 (-7.52 to 7.79),
p ¼ 0.973

-0.22 (-0.46 to
0.03), p ¼ 0.082

NRS Hip / Change from baseline
at baseline(after PSTR
exercises)
Abduction of ROM / Change
from baseline at
baseline(after PSTR
exercises)
TUG test / Change from baseline
at baseline (after PSTR
exercises)

-0.13 (-0.28 to
0.02), p ¼ 0.082

-0.56 (-1.41 to
0.30), p ¼ 0.199
0.32 (-0.34 to 0.98),
p ¼ 0.340

0.01 (-0.14 to 0.17),
p ¼ 0.876
0.02 (-0.10 to 0.14),
p ¼ 0.765

3.62 (1.65 to 5.60),
p < .001
-0.58 (-2.24 to
1.08), p ¼ 0.490

3.11 (0.77 to 5.45),
p ¼ 0.010
-0.74 (-2.76 to
1.29), p ¼ 0.470

-0.01 (-0.04 to
0.03), p ¼ 0.647

-0.24 (-0.71 to
0.24), p ¼ 0.333

-0.25 (-0.81 to
0.30), p ¼ 0.362

-0.77 (-3.18 to
1.64), p ¼ 0.527

-0.16 (-3.44 to
3.12), p ¼ 0.923

Table 5A

0.03 (-0.03 to 0.08),
p ¼ 0.340

0.02 (-0.22 to
0.26), p ¼ 0.876

0.05 (-0.26 to 0.35),
p ¼ 0.765

-0.25 (-1.32 to
0.82), p ¼ 0.647

Osteoarthritis
andCartilage

Association coefﬁcient between OA questionnaire check list and other indicators

Pain while standing / Groin
Pain while standing /
Lateral side of hip
Pain while standing /
Buttock
Pain when taking a few
steps after arising / Groin
Pain when taking a few
steps after arising /
Lateral side of hip
Pain when taking a few
steps after arising /
Buttock
Pain within 15 minutes
after starting to walk
with both feet / Groin
Pain within 15 minutes
after starting to walk
with both feet / Lateral
side of hip
Pain within 15 minutes
after starting to walk
with both feet / Buttock
Minimal Joint Space (mm)
NRS Hip / Change from
baseline at baseline
(after PSTR exercises)
Abduction of ROM / Change
from baseline at baseline
(after PSTR exercises)
TUG test / Change from
baseline at baseline
(after PSTR exercises)

Table 5B

-0.03 (-0.07 to
0.01), p ¼ 0.199

Minimal Joint Space
(mm) (Baseline)

NRS Hip / Change
from baseline (after
PSTR exercises)

Abduction of ROM /
Change from
baseline (after PSTR
exercises)

TUG test / Change
from baseline (after
PSTR exercises)

HHS / Change from
baseline (3months)

HHS / Change from
baseline (6months)

-0.54 (-1.20 to
0.11), p ¼ 0.104
-0.25 (-0.86 to
0.36), p ¼ 0.418
-0.57 (-1.28 to
0.14), p ¼ 0.117
-0.78 (-1.46 to
-0.10), p ¼ 0.025
-0.32 (-0.93 to
0.29), p ¼ 0.296

0.11 (-0.89 to 1.12),
p ¼ 0.824
-0.12 (-1.03 to
0.80), p ¼ 0.802
0.26 (-0.82 to 1.34),
p ¼ 0.635
-0.66 (-1.70 to
0.38), p ¼ 0.212
0.30 (-0.62 to 1.22),
p ¼ 0.518

0.18 (-2.60 to 2.96),
p ¼ 0.900
-0.51 (-3.04 to
2.01), p ¼ 0.687
-0.70 (-3.70 to
2.29), p ¼ 0.642
-0.55 (-3.45 to
2.35), p ¼ 0.707
0.27 (-2.27 to 2.81),
p ¼0.834

-0.17 (-0.69 to
0.35), p ¼ 0.510
-0.05 (-0.52 to
0.43), p ¼ 0.844
-0.16 (-0.72 to
0.40), p ¼ 0.574
-0.22 (-0.76 to
0.32), p ¼ 0.426
-0.03 (-0.51 to
0.45), p ¼ 0.899

0.58 (-6.62 to 7.79),
p ¼ 0.873
2.01 (-4.47 to 8.49),
p ¼ 0.538
-1.08 (-9.02 to
6.87), p ¼ 0.788
-3.43 (-10.70 to
3.85), p ¼ 0.351
-1.14 (-7.63 to
5.35), p ¼ 0.728

-1.50 (-9.25 to
6.25), p ¼ 0.699
-2.10 (-9.55 to
5.34), p ¼ 0.574
-2.60 (-13.46 to
8.27), p ¼ 0.634
-3.73 (-11.75 to
4.29), p ¼ 0.356
-3.12 (-10.55 to
4.30), p ¼ 0.403

-0.58 (-1.26 to
0.09), p ¼ 0.089

0.28 (-0.75 to 1.31),
p ¼ 0.588

0.81 (-2.04 to 3.66),
p ¼ 0.574

-0.30 (-0.83 to
0.23), p ¼ 0.270

1.04 (-6.72 to 8.80),
p ¼ 0.791

-2.16 (-12.51 to
8.19), p ¼ 0.678

-0.75 (-1.36 to
-0.13), p ¼ 0.018

-0.49 (-1.45 to
0.46), p ¼ 0.304

0.04 (-2.61 to 2.68),
p ¼ 0.977

-0.39 (-0.88 to
0.09), p ¼ 0.112

-5.70 (-12.28 to
0.88), p ¼ 0.088

-6.38 (-13.66 to
0.90), p ¼ 0.085

-0.23 (-0.84 to
0.37), p ¼ 0.445

0.17 (-0.74 to 1.09),
p ¼ 0.704

0.11 (-2.41 to 2.63),
p ¼ 0.933

0.02 (-0.45 to 0.49),
p ¼ 0.929

0.44 (-6.03 to 6.90),
p ¼ 0.893

-1.47 (-8.88 to
5.94), p ¼ 0.692

-0.70 (-1.33 to
-0.08), p ¼ 0.028

-0.16 (-1.12 to
0.81), p ¼ 0.747

0.80 (-1.86 to 3.46),
p ¼ 0.552

-0.60 (-1.08 to
-0.11), p ¼ 0.016

-4.88 (-11.70 to
1.95), p ¼ 0.158

-5.54 (-13.62 to
2.54), p ¼ 0.175

-0.05 (-0.38 to
0.28), p ¼ 0.771

0.80 (-0.10 to 1.70),
p ¼ 0.082
-0.39 (-1.00 to
0.21), p ¼ 0.201

0.09 (-0.08 to 0.27),
p ¼ 0.272
0.12 (0.01 to 0.23),
p ¼ 0.040

3.02 (0.89 to 5.14),
p ¼ 0.006
0.06 (-1.66 to 1.78),
p ¼ 0.945

5.39 (3.42 to 7.36),
p < .001
-0.32 (-2.38 to
1.73), p ¼ 0.755

-0.00 (-0.04 to
0.04), p ¼ 0.957

0.12 (-0.43 to 0.68),
p ¼ 0.658

0.32 (-0.34 to 0.97),
p ¼ 0.335

0.83 (-2.11 to 3.77),
p ¼ 0.574

1.33 (-1.90 to 4.55),
p ¼ 0.413

-0.02 (-0.17 to
0.13), p ¼ 0.771
0.05 (-0.01 to 0.10),
p ¼ 0.082

-0.05 (-0.13 to
0.03), p ¼ 0.201

0.16 (-0.13 to 0.44),
p ¼ 0.272

0.44 (0.02 to 0.85),
p ¼ 0.040

-0.03 (-1.21 to
1.15), p ¼ 0.957

Association coefﬁcient between OA questionnaire check list and other indicators

Osteoarthritis
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PRESENTATION NUMBER: 28
PAIN HIGHLY CORRELATES TO COLLAGENASE-INDUCED OA-LIKE
DAMAGE IN FEMALE MICE BUT NOT IN MALES.
N. Valdrighi, A.B. Blom, H.M. van Beuningen, M.M. Helsen, B. Walgreen,
E.L. Vitters, M.I. Koenders, P.M. van der Kraan, F.A. van de Loo,
E. Blaney-Davidson. Radboudumc, Nijmegen, Netherlands
Purpose: Osteoarthritis (OA) is ranked as a major cause of chronic pain
in adults, affecting a higher proportion of women than men. Besides
that, women also have worse OA outcome, partially due to pain,
regardless of structural damage. The cause for these sex differences
remains unclear, as majority of preclinical OA research was performed
in males only, despite the disease having a robust sex-speciﬁc aspect.
Growing evidence suggests that sex hormones are responsible for
activation of different biological pain pathways between sexes, some of
which involve differences in immune regulation. As pain is a crucial
symptom of OA and the immune response is involved, we hypothesized
that female mice experience more pain than male mice in an OA model
with high involvement of inﬂammation, the collagenase-induced OA
(CiOA).
Methods: To investigate sex differences in pain during the course of
CiOA, multiple modalities of pain-related behaviour were evaluated in
male and female mice. OA was induced by two intra-articular injections
of collagenase. These injections result in local instability of the knee
joint and inﬂammation, evolving into a OA-like phenotype of cartilage
destruction and chronic synovial activation. Pain-related behaviour was
evaluated weekly by three different methods, divided in two different
experiments with 10 mice per sex each. Differences in static weight
bearing in the hind joints were assessed with the incapacitance tester
(IC) in one experiment, while hypersensitivity in the affected joint with
the Pressure Application Measurement (PAM) and gait analysis using
the Catwalk were evaluated in the same animals in the second
experiment. Cartilage damage, osteophyte formation and joint dislocation were assessed by histology at endpoint on day 56 (OA
parameters). Pain-related behavior data from each experiment was
initially analyzed grouping males and females per experiment and
compared to joint alterations within the correspondent experiment.
Subsequently, data was re-analyzed for each individual mouse, correlating pain parameters directly to OA parameters to compare male and
female differences therein. Similar re-analysis was performed in two
older existing datasets of similar experiments in CiOA. Deviation from
the main experiments was a different endpoint (day 42) and only gait
analysis was evaluated. One experiment included male and female
mice, while the other had only females. 10 mice per group was/were
used for both experiments.
Results: Differences in pain-like behaviours between males and females
were found in all evaluated pain methods. In the ﬁrst experiment, OA
histological parameters were comparable between sexes (OA total
score: 10.69±2.67 in males and 8.34±1.92 in females; Osteophyte formation: 10.30±2.00 males and 12.30±1.18 females), whereas in pain
measured by the IC we observed that females had a higher avoidance in
weight bearing in the affected leg on day 3 (p<0.001). In the second
experiment, males exhibited a more severe OA pathology than females
(OA total score: 18.85 males and 7.85 in females, p<0.01; Osteophyte
formation: 15.10±1.77 males and 12.20±1.77 females). In pain measured
with the PAM, we observed that males displayed increased mechanical
sensitivity in the affected joint compare to females on day 14 (p<0.01),
day 21 (p<0.01) and day 35 (p<0.05). Within the same experiment, gait
analysis showed variable results. Males used the affected paw less (print
area) on day 3 (p<0.01) and displayed an earlier weight bearing compensation from the contralateral hind paw (terminal dual stance) on
day 7 (p<0.05) than females. Duty cycle, single and initial dual stance
and the max contact max intensity in the affected paw displayed similar
pain-like behaviours between males and females. Given the fact that OA
was higher in males with quite some variation, we decided to re-analyse the data on an individual mouse level, which allows correlating OA
to pain on an individual basis. Strikingly we observed that in females
out of 8 pain parameters, 5 correlated with OA histological parameters
(Pearson r with signiﬁcant levels p<0.05 and p<0.01), whereas in males
this was only 1 (Pearson r with signiﬁcant level p<0.05). After having
observed this striking difference, we decided to re-analyse older
existing datasets of similar experiments in CiOA and these corroborated
this phenomenon: in murine CiOA, we found signiﬁcant correlations
between OA histological parameters in 2 out of 6 pain parameters in

females (n¼30; Pearson r with signiﬁcant levels p<0.05 and p<0.01),
whereas in males (n¼20) this was absent.
Conclusions: We showed that in females there is a correlation between
OA structural changes and pain-like behaviour, whereas in males this
relationship is nearly absent. This was corroborated by re-analysis of old
existing datasets within our lab using the same model. To our knowledge, a similar, disaggregated analysis per sex with respect to the painpathology connection has not yet been made. Our data underpin that
pain pathways might be different between males and females in
(experimental) OA and warrant further, more detailed analysis of males
versus females in future OA experiments in general, but in particular the
ones on pain. By exploring and determining crucial aspects for sex
differences in OA pain, identiﬁcation of key factors that are critical for
that may lead to a more effective OA pain management. Moreover, this
knowledge may contribute to the development of a sex-based OA
therapy.
PRESENTATION NUMBER: 29
RESTORING REDOX BALANCE IN CARTILAGE FOLLOWING INJURY
RESTORES
RETINOIC
ACID
LEVELS
AND
PREVENTS
MECHANOFLAMMATION
P. Kamalathevan, L. Zhu, T.L. Vincent, D. Furniss. Univ. of Oxford, Oxford,
United Kingdom
Purpose: Polymorphic variants in the ALDH1A2 gene are associated
with severe hand osteoarthritis (OA). ALDH1A2 encodes the enzyme
which catalyses the rate limiting step in the synthesis of all-trans retinoic acid (atRA). Injury of porcine articular cartilage causes upregulation of inﬂammatory genes by a process we have termed
“mechanoﬂammation”. Injury also causes a rapid drop in atRAresponsive genes, suggesting a drop in atRA, and maintaining levels of
atRA pharmacologically inhibits mechano-inﬂammatory responses.
Here we describe the injury-induced pathways that control downregulation of atRA and subsequent mechnoﬂammation. Speciﬁcally we
test the hypothesis that this is mediated by reactive oxygen species
(ROS) and a change in the redox state of the cell.
Methods: Articular cartilage was dissected from the metacarpophalangeal (MCP) joints of freshly slaughtered 3-6-month-old
pigs. Trotters were incubated at 37 C for one hour and then pre-injected
with anti-oxidant agents (N-acetyl cysteine, NAC, mitochondrial coenzyme Q-10,) or upstream phospholipase inhibitors (to 12/15 lipoxygenase (LOX), to cytosolic phospholipase A2 (cPLA2)) or relevant
vehicle. One hour later, cartilage explants were dissected and snap
frozen or cultured in serum free medium containing inhibitor or vehicle. RNA was extracted and PCR performed for atRA-responsive
(CYP26B1, RARa, RARb, RARg) and inﬂammatory (IL-6, ADAMTS-4, TIMP1,
NGF, CCL2, COX-2, MMP3) genes.
Results: N-acetylcysteine (NAC), mitochondrial co-enzyme Q-10
(CoQ10), and inhibitors to 12/15 lipooxygenase (LOX) and cytosolic
phospholipase A2 (cPLA2) all signiﬁcantly prevented the downregulation of CYP26B1 upon injury. Both NAC and CoQ10 signiﬁcantly
suppressed the upregulation of IL-6, ADAMTS-4, TIMP1 and NGF upon
injury. In addition, CoQ10 also signiﬁcantly suppressed the upregulation
of COX-2 and CCL2 upon injury. Both cPLA2 and 12/15 LOX inhibitors,
drugs which suppress lipid metabolism and downstream ROS production, signiﬁcantly suppressed the upregulation of ADAMTS-4, COX 2
and MMP3. Only cPLA2 inhibitor signiﬁcantly suppressed the upregulation of IL-6 and TIMP1, whereas the use of 12/15 LOX inhibitor showed
a downward trend in the regulation of IL-6 and TIMP1 upon injury.
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Neither cPLA2 inhibitor nor 12/15 LOX inhibitor was able to suppress
the upregulation of NGF and CCL2 upon injury.
Conclusions: The downregulation of atRA upon cartilage injury and
subsequent mechanoﬂammation is mediated by the generation of ROS,
possibly driven by cPLA2 activation. Targeting pathways that restore the
redox state and maintain levels of atRA in the tissue after injury could
have therapeutic value in osteoarthritis.
PRESENTATION NUMBER: 30
EFFECT OF SYSTEMICALLY DELIVERED ZOLEDRONIC ACID ON JOINT
DAMAGE, NOCICEPTIVE KNEE INNERVATION AND PAIN AFTER
DESTABILIZATION OF THE MEDIAL MENISCUS IN MICE
A. Obeidat, S. Ishihara, R. Miller, A. Malfait. Rush Univ. Med. center,
CHICAGO, IL, USA
Purpose: Osteoarthritis (OA) is a progressive degenerative disease
characterized by structural changes such as cartilage degradation, bone
remodeling, osteophyte formation, synovial inﬂammation, and neurosensory changes. OA structural abnormalities are associated with
complex symptoms of pain, stiffness, sleep disturbances and physical
disability. Treatments for OA pain are largely inadequate, and Diseasemodifying osteoarthritis drugs (DMOADs) have not yet been approved.
Therefore, there is an urgent need for effective agents that can halt OA
structural damage and relieve pain associated with OA. Zoledronic acid,
an antiresorptive drug that is used to treat osteoporosis, has been
shown to have a protective effect in experimental models of OA in rats,
rabbits and dogs, both on joint damage and on pain-related behaviors.
In addition, zoledronate is under active clinical investigation for treatment of patients with OA. Therefore, we aimed to test the effect of
systemically delivered zoledronate on joint damage, nociceptive
innervation of the knee, and pain-related behaviors in a murine model
of OA, induced by destabilization of the medial meniscus (DMM).
Methods: The study was performed in male C57BL/6 NaV1.8-tdTomato
mice, which express a bright red ﬂuorescent tomato reporter in all
neurons that express the voltage-gated sodium channel, NaV1.8,
including >90% of C-ﬁber nociceptors (pain-sensing neurons). DMM
surgery was performed in the right knee of 10-week old mice. Mice
were injected subcutaneously with zoledronic acid (Zol) (30ml, 100 mg/
kg) or vehicle (sterile PBS, 30ml) prior to surgery and then twice a week
for 16 weeks after DMM (n¼7 mice/group). Pain-related behaviors were
assessed by a blinded observer before surgery, and 4, 8, 12 and 16 weeks
after surgery, as follows: (1) Knee hyperalgesia was measured using a
Pressure Application Measurement (PAM) device (Ugo Basile), and (2)
mechanical allodynia in the ipsilateral hind paw was assessed using von
Frey ﬁbers and the up-down staircase technique. Sixteen weeks after
DMM, mice were perfused, knees were harvested, and 20-mm thick
frozen sections from a 400-mm mid-joint region were collected. Consecutive sections were stained with toluidine blue and joint damage
was assessed by a blinded observer using the OARSI score. NaV1.8tdTomato signal in the medial synovium was quantiﬁed using ImageJ,
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using standardized methods. Channels observed in the subchondral
bone of the medial femoral condyles and tibial plateaux that contained
NaV1.8+ nerves were quantiﬁed as follows: two mid-joint sections (80mm apart) per knee were used to count NaV1.8+ channels; the counts
were averaged for each knee and compared with control mice.
Results: Zoledronate alleviated knee hyperalgesia at 4 weeks (p-value
¼0.05) and mechanical allodynia at 8, 12 and 16 weeks (p-value¼0.001,
p-value¼0.05, p-value¼0.001 respectively) after DMM surgery compared with vehicle-treated mice (Fig 1). In addition, zol-treated mice
showed less cartilage degeneration in the medial tibial plateaux and
femoral condyles compared to the PBS-treated group (cartilage
degeneration score in the medial compartment after DMM for Zol group
¼7±3, vs. vehicle group ¼13±2.7, p-value¼0.038). Unexpectedly, however, the lateral compartment of the Zol-treated knees showed structural joint damage (subchondral bone thickening and cartilage
damage), but not the control group (cartilage degeneration score in the
lateral compartment for Zol group ¼6±4.5 vs. vehicle ¼ 1.4±0.5, pvalue¼0.038). As previously reported, vehicle-treated mice showed
newly formed NaV1.8+ ﬁbers in the medial synovium and within subchondral channels in the medial compartment, 16 weeks after DMM.
Zol treatment had no effect on the NaV1.8 + innervation in the medial
synovium, but it signiﬁcantly suppressed number of NaV1.8 + subchondral channels in the medial compartment compared to the control
group (Fig 2a). Concordantly with the increased joint damage in the
lateral compartment of Zol-treated mice, we observed an increase in the
number of NaV1.8+ subchondral channels in the lateral tibial plateau
and femoral condyle in these mice, compared to the vehicle group (Fig
2b). We also observed increased innervation in the lateral synovium of
Zol-treated mice.
Conclusions: Targeting subchondral bone with the antiresorptive
agent, zoledronate, offers potentially promising Results for the
attenuation of OA pain. Suppression of pain behaviors is associated with
decreased nociceptor sprouting in the medial subchondral bone.
However, the effect of chronic treatment with zoledronate on overall
joint health needs further investigation.

S38

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

PRESENTATION NUMBER: 31
EXOSOMES DERIVED FROM MSCS REPAIR MENISCUS DEFECTS AND
ENHANCED ENDOGENOUS CELL PROLIFERATION AND MIGRATION
VIA CXCL5 AND CXCL6/CXCR2 SIGNALING
K. Kawata 1, H. Katagiri 1, 2, K. Tsuji 3, K. Miyatake 1, Y. Nakagawa 1,
I. Sekiya 4, H. Koga 1. 1 Dept. of Joint Surgery and Sports Med., Tokyo Med.
and Dental Univ., Tokyo, Japan; 2 Dept. of orthopedics, Dokyo Med. Univ.
Saitama Med. Ctr., Saitama, Japan; 3 Dept. of Cartilage Regeneration,
Tokyo Med. and Dental Univ., Tokyo, Japan; 4 Ctr. for stem Cell and
Regenerative Med., Tokyo Med. and Dental Univ., Tokyo, Japan
Purpose: Meniscus tears and defects alter biomechanical function and
accelerate osteoarthritis (OA) progression. The orthopedic community
has emphasized the importance of “saving the meniscus”. However, this
tissue has limited intrinsic regeneration capacity because of the low
cellularity of endogenous recruited cells and there is no disease-modifying treatment to regenerate meniscus defects and tears. Hence, novel
technologies are required for meniscus regeneration. Exosomes are
nano-sized (50-200 nm) membrane vesicles with bioactive lipids,
nucleic acids (mRNAs and microRNAs), and proteins, and contribute to
the regeneration capacity of mesenchymal stem cells (MSCs). Exosomes
derived from MSCs play a vital role in the cell-cell communication and
have displayed therapeutic efﬁcacy. However, the therapeutic efﬁcacy
of MSC exosomes in meniscus regeneration remains uncertain. Here, we
evaluated the therapeutic efﬁcacy of intra-articular MSC exosome
injection in a mouse meniscus defect model. We analyzed the exosomemediated tissue regeneration mechanism using combined bioinformatics analyses.
Methods: MSCs were isolated and cultured from synovium. MSC exosomes were puriﬁed from culture supernatant of MSCs by size exclusion
method using 10 kDa Amicon Ultra Filter Unit. Nanoparticle tracking
analysis (NTA), western blotting and transmission electron microscope
(TEM) were performed on MSC exosomes. In vivo study, mice at 8 weeks
old were used. Meniscus defects were made on the anterior medial
menisci. The joint capsule was cut and the medial meniscus was cut
vertically at the medial collateral ligament level and excised under a
stereomicroscope. MSC exosomes (10^8particles per 10 mL PBS) or PBS as
a control were injected intra-articularly immediately after meniscus
resection and weekly thereafter (n ¼ 6). After 1 week and 3 weeks, the
mice were euthanized, and knees were excised for histological and
immunohistochemical evaluation. In vitro study, we added MSC exosomes to conditioned media in the exosome group. In the control group,
we added the same amount of PBS instead of MSC exosomes. The effects
of MSC exosomes on chondrocyte and synovial MSC proliferation and
migration were evaluated by the Cell Counting Kit-8 (CCK-8) (210^9
particles /ml; n ¼ 6) and transwell migration assay (4  10^9 particles
/ml; n ¼ 6). RNA sequencing was performed to assess the gene
expression proﬁle of chondrocytes and MSCs under the stimulation of
MSCs exosomes. The cells were cultured with MSCs exosomes for 24
hours (210^9 particles /ml; n¼4) and subjected to RNA sequencing on
BGISEQ-500 by BGI Co., LTD. RNA sequencing Results were veriﬁed by
performing qRT-PCR on CXCL5 and CXCL6 expression in MSC exosometreated chondrocytes with or without AKT inhibitor (LY290042) and
ERK inhibitor (PD98059). CXCL5 and CXCL6 activate the chemokine
CXCR2 receptor. Chondrocytes were subjected to MSC exosomes and
ERK inhibitor or CXCR2 antagonist (SB265610), and evaluated by CCK-8
proliferation assay and transwell migration assay.
Results: NTA showed that the peak of MSC exosomes diameter was
located at 124.3± 0.4 nm (Fig. 1). Western blotting showed that the MSC
exosomes expressed the exosome-associated markers CD9 and CD63.
TEM showed that the MSC exosomes were nearly spherical and ~100
nm in diameter. In vivo study at 3 weeks after meniscectomy, safranin-O
and type II collagen positive tissue were observed in the exosome, but
not in the control group (Fig. 2). Semiquantitative evaluation by
Modiﬁed Pauli's score and the safranin-O-positive areas indicated that
there was signiﬁcantly more meniscus regeneration in the exosome
than in the control group. At 1 week after meniscectomy, proliferative
cell nuclear antigen (PCNA) staining revealed more positive proliferative cells in the exosome than the control group (Fig. 3) In vitro
study, the proliferation and migration ability were signiﬁcantly elevated
in the exosome group (Figs. 4 and 5). The stimulation of MSC exosomes
induced 168 differentially expressed genes (DEGs) (jfold changej > 2
and adjusted P < 0.05) in the chondrocytes and 43 genes in MSCs. There
were 9 genes common to both groups (Fig. 6A). Of DEGs in the chondrocytes, 112 were upregulated and 56 were downregulated (Fig. 6B).

KEGG pathway enrichment analysis identiﬁed the gene set "Cytokinecytokine receptor interaction" as the most signiﬁcantly enriched pathway in the exosome treated chondrocyte. Twelve DEGs composed major
cluster in the gene set by protein-protein interaction (Fig. 6C). CXCL5
and CXCL6 were identiﬁed by both of the 2 methods. In qRT-PCR, CXCL5
and CXCL6 were signiﬁcantly upregulated in the MSC exosome-treated
chondrocytes compared to the untreated chondrocytes (Fig. 7). CXCL5
and CXCL6 upregulation by MSC exosomes was suppressed by ERK
inhibition but not by AKT inhibition. CXCL5 and CXCL6 suppression by
ERK inhibition negated the inﬂuences of MSC exosomes on chondrocyte
proliferation and migration (Fig. 8A and 8B). CXCR2 antagonist treatment also negated the inﬂuences of MSC exosomes on chondrocyte.
Conclusions: This study disclosed that intra-articular MSC exosome
administration repaired meniscus defects and enhanced chondrocyte
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defect model was used to determine the role of Atsttrin in cartilage
repair in vivo. Real-time PCR assay and western blotting were used to
examine the effects of Atsttrin on transcriptional and protein levels,
respectively, of key anabolic and catabolic signaling molecules.
Results: Atsttrin stimulates chondrogenesis through Akt signaling
pathway in vitro. Atsttrin induced chondrocyte differentiation in the
micromass culture of pluripotent stem cell line C3H10T1/2, as evidenced by Alcian blue staining and the expressions of marker genes for
chondrogenesis, including Sox 9, collagen II and aggrecan (Fig. 1A, B).
Additionally, the chondrogenic activity of Atsttrin was also revealed in
the primary bone marrow stems cells (Fig. 1C, D). Further, Atsttrininduced chondrogenesis depends on PI3K/Akt signaling, as wortmannin, the inhibitor of this pathway, blocked Atsttrin-mediated chondrocyte differentiation (Fig. 1E, F). Atsttrin promotes cartilage
regeneration primarily through TNFR2.To investigate whether TNFR1
or TNFR2 or both receptors mediate Atsttrin’s effect upon chondrogenesis and cartilage repair in vivo, we established articular cartilage
defects in the femoral trochlea of WT, TNFR1-/- and TNFR2-/- mice and
intra-operatively administered a collagen sponge loaded with PBS or 6
mg of Atsttrin. As indicated in Fig. 2, Atsttrin could promote cartilage
regeneration in WT and TNFR1-/- mice relative to their PBS treated
counterparts. However, Atsttrin-mediated cartilage repair was largely
reduced in TNFR2-/- mice compared with WT and TNFR1-/- mice. Jun B is
a crucial downstream molecule of Atsttrin-mediated chondrogenesis. Our previous report demonstrating that transcription factor
JunB was required for progranulin stimulated chondrogenesis (Feng, et.
al, FASEB Journal, 2010). To determine whether this is also true for
Atsttrin-mediated chondrocyte differentiation, we ﬁrst examined its
expression during chondrogenesis. As indicated in Fig. 3A and B, both
protein expression and transcriptional levels of JunB were increased in

and synovial MSC proliferation and migration. Comprehensive transcriptome/RNA sequencing data demonstrated that MSC exosomes
robustly upregulated CXCL5 and CXCL6 in chondrocytes and mediated
the proliferation and migration of these cells via the CXCR2 axis.
PRESENTATION NUMBER: 32
PROGRANULIN
DERIVATIVE
ATSTTRIN
CHONDROGENESIS AND CARTILAGE REGENERATION

PROMOTES

K. Wang 1, J. Wei 2,1, C. Liu 1, 3. 1 Dept. of Orthopaedic Surgery, New York
Univ. Med. Ctr., New York, NY, USA,; 2 Qilu Hosp. of Shandong Univ.,
Jinan, China; 3 Dept. of Cell Biology, New York Univ. Sch. of Med., New
York, NY, USA
Purpose: Articular cartilage diseases affect over 273 million of adults
worldwide. Damage to articular cartilage can result in potentially
crippling symptoms such as swelling, pain and decreased mobility and,
if left untreated, osteoarthritis. Suboptimal therapeutic outcome may be
largely attributable to the limited reparative competence of chondrocytes. Improved corrective approaches for cartilage damage are
critical to limiting humanistic and ﬁnancial losses incurred following
cartilage injury. Recently, we reported that PGRN, and its engineered
derivative Atsttrin, demonstrated a therapeutic effect in inﬂammatory
and degenerative arthritis murine models through binding to TNF
receptors (TNFRs)(Tang et al., Science, 2011; Zhao, et al, ARD, 2015).
Given the stimulatory role of PGRN in chondrogenesis, this study aims
to investigate whether Atsttrin might represent a novel potential
treatment for cartilage regeneration.
Methods: Micromass cultures of primary and mesenchymal stem cell
line were implemented for in vitro chondrogenesis. A murine cartilage
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three DE-miRs for further investigation. Currently, we are manipulating
MSCs with mimics and inhibitors for the miRs of interest and therapeutic effect of the engineered-MSCs will be validated through in vitro
functional assays (i.e. co-culture with monocyte/macrophages and
synovial ﬁbroblasts) as well as animal model of OA.
Conclusions: microRNA proﬁle of MSCs contributes to therapeutic
efﬁcacy of MSCs. Understanding therapeutically relevant mechanism of
action of MSCs will help to develop enhanced MSCs; and deﬁne potency
criterion for screening effective MSCs in OA patients. This in turn will
enable a successful MSC pivotal clinical trial in OA.
PRESENTATION NUMBER: 34
MULTI-OMIC PROFILING REVEALS DISTINCT MICRORNA, LONG NONCODING RNA, CIRCULAR RNA, AND GENE INTERACTOMES IN LATE
RADIOGRAPHIC STAGE KNEE OSTEOARTHRITIS PATIENTS
A. Ratneswaran 1, 2, C. Pastrello 1, 2, A.S. Ali 1, 2, P. Potla 1, 2,
O. Espin-Garcia 1, 2, S. Lively 1, 2, A. Perruccio 1, 2, Y. Rampersaud 1, 2,
R. Gandhi 1, 2, M. Kapoor 1, 2. 1 Schroeder Arthritis Inst., Univ. Hlth.Network,
Toronto, ON, Canada; 2 Krembil Res. Inst., Univ. Hlth.Network, Toronto, ON,
Canada

Atsttrin stimulated chondrogenesis. Importantly, knockdown of JunB
using siJunB remarkably inhibited Atsttrin-induced chondrogenesis,
whereas re-expression of JunB via transfected JunB expression plasmid
restored Atsttrin-stimulated chondrogenesis (Fig. 3C-F). Collectively,
these results indicate that JunB is an essential downstream transcription factor for Atsttrin-induced chondrogenesis.
Conclusions: Atsttrin stimulates chondrogenesis through binding to
TNFR2, and activating Akt signaling, followed by the activation of Jun B
transcription factor (See proposed model in Fig. 3G). These ﬁndings not
only provide new insights into a role of Atsttrin for cartilage homeostasis, but also may lead to new therapeutic alternatives for cartilage
damage as well as other related joint diseases.
PRESENTATION NUMBER: 33
DIFFERENTIAL MICRORNA PROFILE OF MESENCHYMAL STROMAL
CELLS IDENTIFIES TARGET GENES WHICH IMPROVE THERAPEUTIC
EFFICACY IN THE CONTEXT OF OSTEOARTHRITIS
R. Rabani 1, 2, J. Chahal 1, 2, N. Mahomed 1, 2, R. Gandhi 1, 2,
S. Viswanathan 1, 2. 1 Krembil Res. Inst., Univ. Hlth.Network, Toronto, ON,
Canada; 2 Osteoarthritis Res. Program, Div. of Orthopedic Surgery,
Schroeder Arthritis Inst., Univ. Hlth.Network, Toronto, ON, Canada
Purpose: Osteoarthritis (OA) is a joint disease affecting > 5 million
Canadians. Patients have limited palliative and joint-replacement surgical options, emphasizing the need for new curative therapies. Stromal
cell therapy is emerging as a compelling treatment for OA. Our ﬁrst-inCanada Ph1/2 trial with bone marrow mesenchymal stromal cells (BMMSCs) in OA patients showed signiﬁcant improvement in patients
reported outcomes. Pro-inﬂammatory monocytes/macrophages were
reduced in the synovial ﬂuid (SF), suggestive of a clinical MSC antiinﬂammatory action. Although, MSCs showed beneﬁcial effects in all
patients, we found variabilities in MSCs efﬁcacy among participants.
Following OMERTI-OARSI guidelines, we categorised the participants
into two groups of completes responder vs partial responder patients.
The goal of this study is to identify novel microRNAs (miRs) that correlate with therapeutic efﬁcacy of MSCs in the context of osteoarthritis.
Methods: We conducted an unbiased microRNA (miR) sequencing on
MSCs from partial responder and complete responder participants of
our clinical trial. miRs differential expression (DE) analysis is done using
DESeq2 algorithm, followed with mirDIP and pathDIP analysis to
identify DE-miR gene targets and pathways. Finally, biological relevance
of DE-miRs with MSCs immunomodulatory action and patient reported
outcomes are correlated.
Results: Analysis of miR proﬁle of MSCs from complete responders vs
partial responders revealed that 34 miRs are expressed differentially
with a fold change greater than 1.5. Interestingly, we found that the
identiﬁed DE-miRs are associated with TGFb, VEGF/VEGF receptor and
growth factors pathways as well as immune response signaling;
thereby contributing to immunomodulatory action of MSCs and OA
pathology. Based on pathways analysis results, we selected the top

Purpose: Osteoarthritis (OA) is a painful condition affecting mobility
and quality of life. Molecular mechanisms which underlie the development and manifestation of this disease are not well understood.
Current evidence indicates that OA is heterogenous in presentation, and
there may be different molecular phenotypes which contribute to these
observations. Elucidating phenotypes could assist in the development
of precise therapies targeted towards speciﬁc patients. The synovium is
an established mediator of joint inﬂammation and OA pathology, yet
there are few studies performing deep phenotyping in this tissue. Our
objective was to develop comprehensive molecular proﬁles of patients
with advanced radiographic knee OA using total RNA sequencing of
synovial tissue paired with miRNA sequencing of blood and characterize common and differing mechanisms between patients.
Methods: Synovium samples were obtained from 50 late radiographicstage knee OA patients (KL 3/4) and matched plasma samples were
obtained from the same individuals. Patients with post-traumatic,
crystalline or inﬂammatory arthritis were excluded. These matched
samples were subjected to multi-omic approaches (RNA and miRNA
sequencing) paired with computational and rigorous biostatistical
analyses. Total RNA sequencing was performed on synovial tissue
samples using Illumina Truseq-Stranded Total RNA kits on the NextSeq
550. After ﬁltering, 19,857 genes were expressed in synovium. 4267
genes with mean, and variance greater than 30 across all samples were
kept for further downstream analysis. Cluster number was objectively
identiﬁed by plotting the mean silhouette width. It peaked at 3, indicating that this was the optimal cluster number. Genes differentially
expressed between clusters were used for pathway analysis. Identiﬁed
pathways were annotated if they had a q-value less than 0.01 and a
gene-ratio greater than 0.05. Networks were constructed based on
interactions among genes collected using the Integrated Interactions
Database (University of Toronto). Pearson correlation was calculated in
each cluster for long-noncoding (lnc) and circular (circ) RNA from differentially expressed genes between clusters. Only correlations with
absolute rho greater than 0.95 (lncRNA) or 0.85 (circRNA) were retained
and used to construct Protein-Protein Interaction networks. MicroRNAs
targeting genes differentially expressed between clusters in the synovium were predicted using mirDIP 4.1 (University of Toronto). MiRNA
from the plasma of 50 matched late stage knee-OA patients was
measured using miRNA sequencing (QIAseq miRNA library kit, Illumina
NextSeq 550). Hypergeometric testing and correlation analyses was
used to identify whether predicted miRNA from synovium was correlated to miRNA expressed in the blood of the same patients.
Results: Cluster analysis of RNA seq data indicates three clusters of
patients distinguished by unique interactomes. Common signaling
pathways between clusters include innate immune system, Epidermal
Growth Factor Receptor Signaling (EGFR1), and adaptive immune system. Differentially regulated pathways between clusters 2 vs 1 include:
signaling by receptor tyrosine kinase, cytokine signaling, and T-cell
receptor pathway (TCR). Pathways which are differentially regulated
between cluster 3 vs 2 include: neutrophil degranulation, skeletal
muscle, EMT regulation, apoptosis, membrane trafﬁcking, vesicle
mediated transport, toll-like receptor signaling and hemostasis. We
have also identiﬁed several long-noncoding and circular RNA that
interact with genes in each of these distinct pathways and have deﬁned
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which cluster they are associated with as well as their direction of
interaction (positive or negative). Further, we have found that hundreds
of miRNA are predicted to target genes expressed in the synovium.
When we compared the predicted miRNA expressed in synovium, to
expressed miRNA measured in the blood (through miRNA-seq) of the
same patients; we found that these were signiﬁcantly correlated
(p¼0.003, cluster 3 vs 2, p¼3.3xe-09, cluster 2 vs 1). Out of these, 13
miRNA were associated with speciﬁc pathways annotated in our
clusters.
Conclusions: We have demonstrated that endogenous molecular signatures derived from the synovium of advanced radiographic knee OA
patients cluster into 3 sub-groups which share common and distinct
actively transcribed pathways. Identiﬁed long-noncoding and circular
RNA contribute to the complex regulation of unique molecular mechanisms differentially expressed between clusters. Systemically measured miRNA demonstrate signiﬁcant correlation to predicted miRNA
based on genes expressed in synovium, indicating potential roles for
these miRNA as disease mediators. Though whether these miRNA are
released from the joint, or whether they are derived systemically and
target the joint remains unknown. Further understanding the regulation of endogenous molecular mechanisms through the elucidation of
patient-speciﬁc interactomes may help develop more precisely targeted
therapies.

Figure 1 Non-Coding RNA Interactome. Pathways which are signiﬁcantly
altered between cluster 1 and 2 are shown on the above as an arc and include
cytokine signaling in immune system, signaling by receptor tyrosine kinase,
and TCR (T-cell receptor) signaling pathway. Long noncoding RNA correlated
with DEG in identiﬁed pathways are shown on the left, while circRNA are on
the right of the arc. Green indicates the noncoding RNAs correlation with
Cluster 1 whereas orange is correlated with Cluster 2. Positive correlations
are blue lines whereas negative correlations are red lines.

PRESENTATION NUMBER: 35
AGE-RELATED INCREASE IN MATRIX STIFFNESS DOWNREGULATES aKLOTHO IN CARTILAGE AND INDUCES CARTILAGE DEGENERATION
H. Iijima 1, 2, G. Gilmer 3, 4, K. Wang 1, A. Bean 1, F. Ambrosio 1, 5. 1 Dept. of
Physical Med. and Rehabilitation, Univ. of Pittsburgh, Pittsburgh, PA, USA;
2
Japan Society for the Promotion of Sci., Tokyo, Japan; 3 Med. Scientist
Training Program, Sch. of Med., Univ. of Pittsburgh, Pittsburgh, PA, USA;
4
Dept. of Bioengineering, Univ. of Pittsburgh, Pittsburgh, PA, USA;
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5
McGowan Inst. for Regenerative Med., Univ. of Pittsburgh, Pittsburgh,
PA, USA

Purpose: The lack of disease-modifying treatments for knee osteoarthritis (KOA) is attributed, in part, to an incomplete understanding of
the molecular mechanisms driving disease development. The pathologic cascade currently associated with KOA includes inﬂammation,
impaired autophagy, and cellular senescence, which are hallmarks of
aging. Therefore, identiﬁcation of therapeutic targets that can rejuvenate aged cartilage represents a promising research direction for the
treatment of age-related KOA. The longevity protein, a-Klotho, plays an
important role in the attenuation of cellular senescence. Studies have
shown a-Klotho decreases with aging, whereas a-Klotho supplementation counteracts age-induced cartilage degeneration. However,
little is known about the underlying mechanisms driving declines in aKlotho expression in cartilage. Such knowledge may aid the development of novel therapeutics that promote a regenerative microenvironment for chondrocytes and maintain cartilage integrity during
aging. Here, we sought to elucidate mechanisms leading to age-related
declines in a-Klotho in cartilage. The extracellular matrix (ECM) plays a
dynamic role in directing chondrocyte phenotype and cartilage
homeostasis, and undergoes extensive biophysical remodeling characterized by decreased compliance (i.e., increased ECM stiffness) during
aging. This increased stiffness is due, in part, to a loss of proteoglycans
and increased collagen cross-linking. We hypothesized that an aged stiff
microenvironment drives a decline in chondrocyte expression of aKlotho, but a youthful soft microenvironment increases a-Klotho
expression, thereby promoting a more healthy phenotype (Fig. 1).
Methods: First, we evaluated the trajectory of a-Klotho expression and
cartilage integrity with aging using histology, isolating knee cartilage
from young (4-6 mo), middle-aged (10-12 mo), and aged (21-24 mo)
male and female C57/BL6 mice, as well as young and middle-aged aKlotho+/- mice. We then microdissected cartilage from young, middleaged, and aged mice for LC-MS/MS mass spectrometry proteomics to
further explore the mechanisms of natural aging on knee cartilage,
performing gene set enrichment analysis (GSEA) to evaluate pathways
of interest. Next, we engineered polyacrylamide gels within a physiological range of cartilage ECM stiffness (5kPa, 20kPa, and 100kPa) and
seeded young or aged primary chondrocytes onto the gel surfaces. After
3 days in culture, we evaluated: (1) chondrogenicity (type II collagen
expression), and (2) a-Klotho expression using immunoﬂuorescenct
staining. To explore the role of ECM stiffness in vivo, we administered baminopropionitrile (BAPN), an inhibitor of lysyl oxidase (LOX) activity,
daily for four weeks. We next evaluated (1) cartilage integrity and (2) aKlotho expression in chondrocytes by histology and immunoﬂuorescence. Finally, to probe the potential mechanotransductive
mechanisms associated with the effect of biophysical ECM properties on
a-Klotho expression, we extracted 53 features of chondrocyte nuclear
morphology across experimental groups using Cell Proﬁler software
and performed principal component analysis (PCA) with nuclear morphology features as input variables.
Results: As expected, histological studies conﬁrmed progressive cartilage degeneration with aging starting from middle-aged mice, including
reduced cellularity and decreased a-Klotho expression. Notably, histological evidence of KOA with aging was recapitulated in young and
middle-aged Klotho+/- mice, suggesting that an age-related loss of aKlotho may contribute to the onset of cartilage degeneration. The
molecular changes observed in middle-aged mice were supported by
GSEA, with three pathways signiﬁcantly upregulated at middle-age,
including: (1) Cell Adhesion, (2) Extracellular Matrix, and (3) Signal
Transduction Activity or Receptor Binding. Therefore, we next asked
whether the ECM inﬂuences a-Klotho expression and chondrogenicity
in isolated chondrocytes. Independent of age, chondrocytes seeded on
stiff substrates displayed an “aged phenotype”, as indicated by reduced
type II collagen and a-Klotho expression. Conversely, chondrocytes
seeded on soft substrates displayed a more “youthful phenotype”, as
indicated by increased type II collagen and a-Klotho expression. The
changes observed when cells were cultured on soft substrates were
consistent with a more youthful nuclear morphology, and speciﬁcally,
decreased eccentricity (i.e., more spherical nucleus). These in vitro
ﬁndings were further supported by in vivo histological analysis, which
revealed aged cartilage had less spherical nuclei. Moreover, the
decreased sphericity was associated with decreased a-Klotho expression. Inspired by our in vitro ﬁndings, we tested whether modulation of
biophysical ECM properties in vivo could exert similar effects on aKlotho expression and cartilage integrity (Fig. 2A). BAPN injections
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increased a-Klotho expression and improved cartilage integrity in aged
mice. Interestingly, histological ﬁndings revealed that BAPN administration induced a more spherical nuclear morphology, mimicking
young chondrocytes (Fig. 2B). Notably, PCA of nuclear morphological
features revealed BAPN-treated nuclei clustered with young nuclei but
segregated from aged control nuclei (Fig. 2C). Speciﬁcally, BAPN-treated
aged nuclei displayed decreased nuclear eccentricity (Fig. 2D), which
was again inversely correlated with a-Klotho levels.
Conclusions: Evidence of the accelerated cartilage degeneration in
Klotho+/- mice suggests age-related declines in a-Klotho may contribute
to the onset of OA. In vitro and in vivo experiments further indicated that
a stiffer microenvironment, as is observed with aging, decreased aKlotho and type II collagen expression. On the other hand, a softer
microenvironment restored aged chondrocytes towards a more
youthful phenotype with increased a-Klotho expression. Our preliminary ﬁndings also suggest that the rejuvenating effects of a softer
microenvironment may be partially attributed to altered mechanotransductive signaling, as is suggested by alterations in nuclear morphology. These ﬁndings warrant future studies investigating the role of
a-Klotho as a mediator of the biophysical effects of ECM on cartilage
health.
PRESENTATION NUMBER: 36
HUMAN MESENCHYMAL STEM CELLS RELEASE
MITOCHONDRIA IN EXTRACELLULAR VESICLES

FUNCTIONAL

M.A. Thomas, J.L. Miller, M.L. Delco. Cornell Univ., Ithaca, NY, USA

Figure 1 Hypothesis model. We hypothesized that an aged stiff micro-

environment drives a decline in chondrocyte expression of a-Klotho, thereby
impairs cartilage integrity. We tested this hypothesis using (1) 2D chondrocytes culture model on the engineered polyacrylamide gels and (2)
randomized controlled trial evaluating the effects of BAPN injection, an
inhibitor of lysyl oxidase activity. To probe the potential mechanotransductive mechanisms associated with the effect of the biophysical
properties of ECM on a-Klotho expression, we also quantiﬁed nuclear morphological changes in these experimental models and investigated the
association of the nuclear morphology with a-Klotho expression as well as
cartilage integrity.

Figure 2 BAPN injection induces spherical nuclear morphology, a more
youthful phenotype. We performed daily injection of BAPN to aged male mice
for a total of 28 days (A). BAPN treatment resulted in changes in nuclear
morphology, including more spherical nuclei (B, nuclei were false-colored to
show their morphology). PCA revealed that BAPN treatment resulted in
nuclei clustering with young nuclei, but segregated from aged control nuclei
(C). Nuclei in BAPN-treated group displayed signiﬁcantly lower eccentricity
(i.e., more spherical nucleus) than those in the saline control group (D).

Purpose: Cartilage heals poorly after injury and no effective diseasemodifying drugs are currently available to prevent posttraumatic
osteoarthritis (OA). Therefore, regenerative therapies, including mesenchymal stromal cells (MSCs) are often used clinically to promote
healing. However, the mechanisms underlying the positive effects of
cell therapies are unclear, and the most effective strategies to stimulate
repair of orthopedic tissues have yet to be determined. Extracellular
vesicles (EVs) are small, membrane-bound structures derived from
many cell types, and are known to play critical roles in cell-cell communication. EVs contain diverse cargoes, including proteins, microRNAs, and even whole mitochondria (so-called ‘mitovesicles’). EV cargos can be taken up by target cells, affecting a wide array of cellular
functions. Recently, MSC-derived EVs have been investigated for their
anti-inﬂammatory and pro-healing properties. However, mitovesicles
have not been investigated as possible regenerative orthobiologics.
Furthermore, evidence suggests that MSCs can rescue failing chondrocytes by donating healthy mitochondria in a process termed intercellular mitochondrial transfer. We have recently documented MSCchondrocyte mitochondrial transfer in co-culture, but it is unclear if
direct cell-cell contact is required. Therefore, the goals of this study
were to: 1) quantify the size distribution of human MSC-derived EVs, 2)
determine if EV size distribution is altered by drugs that inhibit or
protect MT function, 3) determine if MSC-derived EVs contain MT, and
4) determine if these mitovesicles contain functional (polarized)
mitochondria.
Methods: Human bone marrow-derived MSCs were cultured to 80%
conﬂuence on T175 ﬂasks. MSC cultures were either treated with
mitochondrial inhibitors rotenone and antimycin A, (RA; 0.5mM/0.5mM)
or a mitoprotective peptide (SS-31; 1uM) for 12 hours or left untreated
(C). Cell-conditioned media (CCM) was harvested, and EVs were isolated using a commercially available kit (Exoquick TC-ULTRA). EV size
distribution was analyzed in each group (n¼3) using dynamic light
scattering (DLS) (Zetasizer Nano; Detection angle 173 , Temp. 25 C,
Refractive Index 1.334). To investigate the presence of mitovesicles, EVs
were stained with Calcein AM (10uM; green) to identify intact vesicles,
and a mitochondria-targeted probe (Mitotracker Deep Red; 100nM);
then analyzed using ﬂow cytometry. Samples stained with a single
probe were used to set positive thresholds for each ﬂuorophore.
Unstained EVs acted as a negative control. Mitovesicles were identiﬁed
as events double-positive for red and green ﬂuorescence. Backgating
analysis was performed to characterize the relative size of EVs containing MT cargos compared to those lacking MT. To assess if MT contained within mitovesicles were functional (polarized), EVs were
isolated, then stained with JC-10, which forms red ﬂuorescent aggregates within polarized MT, but shifts to monomeric green ﬂuorescence
as MT become depolarized. An EV-speciﬁc protein stain (Exo-glow Blue)
was used according to the manufacturer’s instructions to positively
identify EV alongside JC-10.
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Results: Dynamic light scattering revealed that MSC-derived EVs occur
in three distinct size populations (Fig 1); small (SEV; ~5-10nm),
medium (MEV; ~100-1000nm), and large (LEV; 5,000-10,000nm).
Interestingly, the size distribution of EVs from RA-stressed MSCs displayed a right shift in the MEV sub-population, and a decrease in the
proportion of LEVs and SEVs compared to controls (Fig. 1). SS-31-treated
EVs did not display a size shift among the sub-populations but had a
higher proportion of MEVs, and fewer SEVs compared to controls. Of the
entire population of intact EVs identiﬁed on ﬂow cytometry, ~16%
stained positive for Mitotracker Deep Red (Fig. 2a). Backgating indicated
that mitovesicles are distributed broadly across the size spectrum, from
the smallest to the largest EVs (Fig. 2b), whereas vesicles devoid of MT
were primarily among the smallest. JC-10 stained EVs ﬂuoresced along
the red-greed spectrum with most events co-staining to varying
degrees (Fig. 3).
Conclusions: MSCs release three distinct sub-populations of EVs based
on size. The shift in size of MSC-derived EVs after stimulation suggests
that EV cargoes may change in response to MT stress. Flow cytometry
indicates that mitovesicles are present across a wide range of vesicle
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sizes and constitute the vast majority of large EVs. JC-10 staining conﬁrms that both polarized and depolarized MT are released in mitovesicles, indicating cargoes of heterogenous MT function. The source and
signiﬁcance of this heterogeneity is not yet clear but may reﬂect the
physiologic status of the cell of origin. The ﬁnding that human MSCs
release functional MT in mitovesicles suggests a new paradigm for MSC
function and may represent an opportunity for the development of cellfree regenerative orthobiologics.
PRESENTATION NUMBER: 37
OPEN SOURCE AND AUTOMATIC SUBREGIONAL ASSESSMENT OF
KNEE CARTILAGE DEGRADATION USING QUANTITATIVE T2
RELAXOMETRY AND DEEP LEARNING
K.A Thomas 1, D. Krzeminski 2, L. Kidzinski 1, R. Paul 1, E.B. Rubin 1,
E. Halilaj 3, M.S. Black 1, A. Chaudhari 1, G.E. Gold 1, S.L. Delp 1. 1 Stanford
Univ., Stanford, CA, USA; 2 Cardiff Univ., Cardiff, United Kingdom;
3
Carnegie Mellon Univ., Pittsburgh, PA, USA
Purpose: Research on knee osteoarthritis (OA) has been slowed by the
difﬁculty of quantifying early disease progression. T2 relaxation time
mapping from multi-echo spin-echo (MESE) T2-weighted MRIs has the
potential to measure changes in cartilage matrix composition that occur
early in the disease process. As OA progresses, T2 values in affected
cartilage tend to increase. Segmentation of cartilage in MESE MRIs is a
necessary ﬁrst step for measuring T2 relaxation times, but current
methods are labor-intensive. The aim of this work was to develop a fully
automated femoral cartilage segmentation model that operates directly
on MESE images and to evaluate the model as a means to measure
individuals’ subregional T2 values longitudinally. A model that can take
a MESE MRI as input and produce expert-quality assessments of T2based cartilage health and disease progression would enable more
accurate, efﬁcient OA research.
Methods: We used 286 sagittal plane MESE MRI volumes from 143
subjects from the Osteoarthritis Initiative assessed at baseline and four
years later. Each image was segmented with a semi-automated process
and reﬁned by an experienced musculoskeletal radiologist, Reader 1.
These segmentations were used as ground truth. Subjects were split
into training (115 subjects, 230 image volumes), validation (14 subjects,
28 image volumes), and test (14 subjects, 28 image volumes) sets with
no crossover of subjects across sets. One MRI from each test set subject
was also manually segmented by a second expert, Reader 2.We used a
Convolutional Neural Network (CNN) with a U-Net architecture as our
model. It was trained to learn MRI features predictive of cartilage
location using training set images and their ground-truth segmentations, tuned using a validation set, then evaluated using a test set. It was
optimized to produce segmentations with high Dice scores relative to
the ground truth segmentations. The model was designed to segment
each MRI slice independently. Agreement between predicted segmentations and ground-truth segmentations was assessed using the Dice
score and Jaccard index. Segmented cartilage was divided into 12

Figure 1 Segmentation evaluation procedure. Each test set image was

segmented by both Reader 1 and the model. The T2 value for segmented voxels was calculated for each segmentation and the
resulting T2 maps were projected into 2D. The projected T2 maps
were divided into subregions and the mean T2 in each subregion
was compared, as well as the change in mean T2 in each subregion
over time. Results: The Dice score and Jaccard index measures of
agreement between the segmentations of Reader 1, Reader 2, and
the model are shown in Table 1. The model’s segmentations agree
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subregions delineated along medial-lateral, superﬁcial-deep, and
anterior-central-posterior boundaries. Subregions were obtained by
ﬁrst projecting the cartilage onto a 2D plane using validated techniques,
then dividing it into 12 subregions automatically (Fig. 3). The average T2
value and four-year change in T2 value were calculated for each subregion of each subject using Reader 1 segmentations and the model’s
segmentations. For each subregion, the Spearman correlation and mean
absolute error (MAE) between the model’s estimated values and the
values derived from Reader 1 were assessed (Fig. 1). Reader 2 segmentations were compared to Reader 1 segmentations, and these
Results were compared with the model’s results.

Table 1

Segmentation
comparison
between readers and model.

Osteoarthritis
andCartilage
Figure 3 Model’s agreement with Reader 1 in its estimates of subregional

Volumetric Dice scores and volumetric Jaccard indices were calculated
for each test set image. Values reported here are the mean value ±
standard deviation calculated across the 28 image volumes in the test
set or 14 image volumes in the test subset.] The model’s estimates of
subregional average T2 values were signiﬁcantly correlated with those
of Reader 1 for all subregions (p<0.0001). Correlations and the MAE of
the model’s estimates of subregional average T2 are shown in Fig. 3, left.
Ten of the 12 smallest subregions’ model estimates did not have signiﬁcant bias (p>0.05) while the superﬁcial lateral anterior subregion
had a bias of 0.869 ms and the deep medial central subregion had a bias
of -1.02 ms. For the images also segmented by Reader 2, the model
agreed with Reader 1 to a similar level as Reader 2 agreed with Reader 1
for all subregions (Fig. 2).

mean T2 values (left) and in its estimates of four-year change in subregional
mean T2 values (right). Absolute errors are reported as mean ± standard
deviation. All correlations are signiﬁcant (p<0.01) except for the four-year
change in the superﬁcial lateral anterior subregion (p¼0.08, denoted with *).
Estimates of subregional T2 values all have a MAE less than 2 ms and estimates of four-year change all have a MAE less than 3 ms. This is comparable
to inter-reader agreement.

smallest subregions’ model estimates did not have signiﬁcant bias
(p>0.05) while the deep medial central subregion had a bias of -2.63
ms.
Conclusions: We have developed a fast, fully-automated, end-to-end
femoral cartilage segmentation model that agrees with an expert as
closely as two experts agree with one another, both in terms of segmentation masks and downstream assessments of cartilage health. The
model operates directly on MESE images, eliminating the need to capture a morphological scan in addition to the MESE image to measure T2
values. We have made our model, along with code for replicating the
Results of this manuscript, publicly available at https://github.com/
kathoma/AutomaticKneeMRISegmentation.
PRESENTATION NUMBER: 38
OSTEOPHYTE SIZE AND LOCATION ON DUAL-ENERGY X-RAY
ABSORPTIOMETRY SCANS IS RELATED TO HIP PAIN: FINDINGS
FROM A CROSS SECTIONAL STUDY IN UK BIOBANK

Figure 2 Mean error of subregional average T2 estimates relative to Reader 1.
Blue bars indicate the difference between estimates derived from Reader 2’s
segmentations and those of Reader 1. Orange bars indicate the difference
between estimates derived from the model’s segmentations and those of
Reader 1. Error bars indicate the 95% conﬁdence interval. The model agreed
with Reader 1 to a similar level as Reader 2 agreed with Reader 1 when
estimating subregional T2 values. This suggests that the model could be used
to make expert-quality assessments of cartilage health in cross-sectional
studies. Subregion abbreviation key: all: full cartilage plate, D: deep 50% of
cartilage plate, S: superﬁcial 50% of cartilage plate, L: lateral, M: medial, A:
anterior, C: central, P: posterior.

The model’s estimates of four-year change in subregional average T2
values were signiﬁcantly correlated with those of Reader 1 for all subregions (p<0.01) except the superﬁcial lateral anterior subregion
(p¼0.08). Correlations and the MAE in the model’s estimates of subregional average T2 change are shown in Fig. 3, right. Eleven of the 12
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Purpose: It remains unclear how the different constituents of radiographic hip osteoarthritis (rHOA) contribute to hip pain and whether
measuring them is of clinical beneﬁt. We aimed to examine the relationship between rHOA, its constituent features including osteophyte
size and location, and hip pain, using a novel dual-energy X-ray
absorptiometry (DXA) scan-based method in a large population cohort.
Methods: The present study was based on a subset of left hip DXA scans
from UK Biobank (UKB). These were obtained using a GE Lunar iDXA,
employing a standardised imaging protocol with the hip positioned in
15-25 degrees internal rotation. An automated Random Forest-based
machine learning method was developed to place points around the
femoral head and acetabulum, from which minimum joint space width
(mJSW) was calculated automatically (Fig. 1). The area of lateral
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acetabular, superior and inferior femoral head osteophytes was measured using a custom tool (Fig. 1). Semi-quantitative measures of
osteophytes and joint space narrowing (JSN) were also derived, based
on comparison of continuous measures with semi-quantitative grading
in a subset of images. These semi-quantitative gradings were then
combined to provide a measure of rHOA equivalent to Kellgren Lawrence (KL) grading. Hospital diagnosed OA was derived from relevant
ICD-10 codes available within UKB. Logistic regression was used to
examine the relationships between these variables and prevalent hip
pain, obtained via questionnaires but hip pain was not side speciﬁc.
Adjusted models included age, sex, height, weight and ethnicity.
Results: 6,807 hip DXAs were examined. rHOA was present in 353
[5.2%] individuals and was associated with prevalent hip pain [Odds
ratio (OR): 2.07 (95% conﬁdence interval 1.54-2.80), p-value (P): 1.74 x
10-06] and hospital diagnosed OA [OR 5.73 (2.89-11.36), P 5.6 x 10-7].
Total osteophyte area and mJSW were associated with hip pain [OR per
standard deviation increase in area 1.29 (1.21-1.36), P 2.8 x 10-17 & OR
0.84 (0.77-0.92), P 7.4 x 10-5, respectively] in unadjusted models. After
mutually adjusting and adding demographic covariates, total osteophyte area remained associated with hip pain [OR per standard deviation increase in area 1.31 (1.23-1.39), P 3.2 x 10-17] but mJSW did not [OR
0.95 (0.87-1.04), P 0.29] (Fig. 2). Acetabular, superior and inferior femoral osteophyte areas all showed independent associations with hip
pain [OR per standard deviation increase in area 1.19 (1.13-1.26), P 9.5 x
10-10; OR 1.22 (1.15-1.29), P 4.0 x 10-12; OR 1.21 (1.14-1.28), P 1.4 x 10-10
respectively].
Conclusions: The relationship between DXA-derived rHOA and prevalent hip pain was associated with osteophyte area but not mJSW.
Osteophytes at different locations showed important, and independent,
relationships with hip pain, potentially reﬂecting the contribution of
distinct biomechanical pathways. Previously, rHOA classiﬁed by KL
grading has been shown to be poorly predictive of symptoms. This

Figure 1 Example of a high-resolution hip DXA from UKB showing radiographic osteoarthritis. Left: original region of interest. Middle: marked up
with points on the borders of the bone with points 22, 31, 79 and 85 showing
the area over which minimum joint space width was measured. Right:
marked up with acetabular osteophyte (green) and superior femoral head
osteophyte (red).

Figure 2 Left graph shows the likelihood of hip pain by total osteophyte area,
adjusted for mJSW, age, sex, height, weight and ethnicity. Right graph shows
likelihood of hip pain by mJSW, adjusted for total osteophyte area, age, sex,
height, weight and ethnicity, the x-axis is reversed to reﬂect the direction of
effect.
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study indicates that there is the potential to gain clinically relevant
information from 2-dimensional imaging with more detailed measures
of osteophytes.
PRESENTATION NUMBER: 39
MACHINE LEARNING FOR PREDICTING KNEE OSTEOARTHRITIS
PROGRESSION OVER 8 YEARS USING COMBINED MR IMAGING
FEATURES, DEMOGRAPHICS, AND CLINICAL FACTORS: DATA FROM
THE OSTEOARTHRITIS INITIATIVE
G.B Joseph 1, C.E. McCulloch 2, M.C. Nevitt 2, T.M. Link 1, J. Sohn 1. 1 Dept.
of Radiology and BioMed. Imaging, Univ. of California San Francisco, San
Francisco, CA, USA; 2 Dept. of Epidemiology and Biostatistics, Univ. of
California, San Francisco, CA, USA
Purpose: Osteoarthritis (OA) is a heterogeneous joint disease that
affects approximately 250 million people and causes severe disability.
The ability to predict which patients will develop knee OA would enable
preventive measures (such as weight loss or lifestyle changes) prior to
disease development, with prospects of preventing disability and pain
associated with OA progression. Established risk factors for OA include
obesity, genetic predisposition, and joint injury; however, imaging
features have not been well integrated. The purpose of this study was to
develop a machine learning based prediction model for radiographic OA
using MR imaging-based cartilage biochemical composition and knee
joint structural features, demographics, and clinical features.
Methods: We studied 1044 individuals with baseline Kellgren Lawrence (KL) grade 0-1 in the right knee from the Osteoarthritis Initiative.
3T MRI studies were used to quantify knee cartilage T2 (5 regions, and
average), and Whole-Organ Magnetic Resonance Imaging Scores
(WORMS) were obtained for cartilage (5 regions), meniscus (6 regions),
and bone marrow (5 regions) at baseline. The maximum (max) cartilage, meniscus or bone marrow edema pattern (BMEP) scores were
deﬁned as the maximum score in any region, respectively. Cases were
deﬁned as subjects that developed KL 2-4 in the right knee over 8 years
(n¼183) and controls were those that remained KL 0 or 1 over 8 years
(n¼861). The dataset was split into training, validation, and test sets
(70%/15%/15% split). Multiple imputation was used to address missing
data using STATA version 16 software (StataCorp LP, College Station, TX).
For data exploration, 112 predictors including baseline participant
demographics, family history of OA, symptoms, muscle strength, cartilage T2, physical activity, WORMS scores, physical exam, medication,
and knee alignment were used to predict the development of OA
(KL¼2-4) over 8 years using XGboost (Python version 3.7, Python
Software Foundation, Wilmington, DE) (Fig. 1). An “importance” score
for each feature was determined (default setting in XGboost): ﬁrst, it
was calculated for a single decision tree based on the magnitude that
each attribute split point improved the performance measure (weighted by the number of observations the node was responsible for). Then,
each feature importance measure was averaged across all of the decision trees within the model to obtain an overall “importance” score for
each predictor. After identifying the 20 most predictive features, we
further reduced this number to the 10 most clinically relevant features
(based on clinical signiﬁcance and viability as well as ease of use with
fewer number of predictors), which included demographics, cartilage
T2, WORMS scores, symptoms, physical activity, and muscle strength,
and obtained an AUC for this model using the testing dataset.
Results: The model with 112 predictors had an AUC of 0.79, and the top
features for prediction (listed in order of importance) were radial pulse,
systolic blood pressure, Western Ontario and McMaster Universities
Arthritis Index (WOMAC) total score, medial femur cartilage T2, maximum cartilage WORMS score, abdominal circumference, knee muscle
extension strength, patella cartilage T2, chair stand time, and BMI. The
ﬁnal model with 10 predictors had an AUC of 0.77, and the predictors
(listed in order of importance) were: chair stand time, age, medial
femur cartilage T2, maximum meniscus WORMS score, knee muscle
extension strength, systolic blood pressure, mean cartilage T2 (in all
regions), maximum cartilage WORMS score, WOMAC pain score, and
BMI. To assess the value of MR imaging predictors on model performance, we ran an additional model including only non-imaging predictors
(chair stand time, age, knee muscle extension strength, systolic blood
pressure, WOMAC pain score, and BMI), which yielded an AUC of 0.67.
Conclusions: We have developed a composite machine learning model
that predicts OA development after 8 years using imaging ﬁndings
(cartilage and meniscus WORMS scores as well as cartilage T2) coupled
with demographics, symptoms, muscle, and physical activity scores.
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The ﬁnal hybrid model (machine learning + clinically-derived) consisting of 10 predictors had only a slightly lower AUC (0.77) compared to
the full based model with 112 predictors (0.79), and had a substantially
higher AUC compared to the model without imaging predictors (0.67).
Fig. 1: Machine learning pipeline. In the model with 112 predictors,
these predictors were subdivided by categories for graphical representation in the Figure; however, all individual predictor variables were
used in the model. In the predictor selection process (hybrid model), we
aimed to integrate at least one predictor from each category (that was
among the top 20 predictors). Abbreviations: Medial femur (MF);
Whole-Organ Magnetic Resonance Imaging Scores (WORMS); Western
Ontario and McMaster Universities Arthritis Index (WOMAC); maximum (max).

OA was classiﬁed into four grades using the Kellgren-Lawrence (K/L)
classiﬁcation. MME and bone spine width were evaluated using MRI.
The relationship between MME and the osteophyte width was analyzed
using Spearman's rank correlation analysis and multiple regression
analysis. In addition, the consistency between MME and osteophyte
width was also analyzed. All analyses were undertaken using the statistical package SPSS version 27.
Results: The severity of radiographic knee OA of the subjects was 16
(1.0%) for K/L 1, 1,025 (86.1%) for K/L 2, 112 (9.4%) for K/L 3, and 38 (3.2%)
for K/L 4. The average of FTA of the subjects was 177.3 (SD: 2.73, range:
168-191). MME was observed in 1175 patients (98.7%, 3.9 ± 2.1 mm), OPf
in 1180 patients (99.1%, 3.5 ± 2.0 mm), and OPt in 1183 patients (99.3%,
3.3 ± 1.5 mm). The MME was correlated with OPf (r ¼ 0.41, p <0.001)
and OPt (r ¼ 0.81, p <0.001). In multiple regression analysis, OPt (b ¼
1.12 [95% CI: 1.07-1.16], p <0.001), in comparison to OPf (b ¼ 0.56 [95%
CI: 0.51-0.61], p <0.001), was strongly affected with MME (adjusted by
age, gender, BMI).
Conclusions: MME is more strongly correlated and affected with OPt
than OPf.
PRESENTATION NUMBER: 41
ASSOCIATION
BETWEEN
PHYSICAL
ACTIVITY
AND
KNEE
OSTEOARTHRITIS FEATURES ON MAGNETIC RESONANCE IMAGING
IN INDIVIDUALS WITHOUT KNEE OSTEOARTHRITIS: A SYSTEMATIC
REVIEW
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PRESENTATION NUMBER: 40
MEDIAL MENISCUS EXTRUSION IS MORE STRONGLY ASSOCIATED
WITH TIBIAL OSTEOPHYTE WIDTH THAN THE FEMUR IN
OSTEOARTHRITIS OF THE KNEE
Y. Negishi 1, H. Kaneko 1, T. Aoki 2, L. Liu 1, M. Momoeda 1, A. Arepati 1,
X. Ji 2, H. Huang 1, 2, J. Tomura 1, S. Wakana 1, Y. Someya 2, Y. Tamura 2, 3,
Y. Watada 2, 3, R. Kawamori 2, 3, M. Ishijima 1, 2. 1 Dept. of Med. for
Orthopaedics and Motor Organ, Juntendo Univ. Graduate Sch. of Med.,
Bunkyo-ku, Tokyo, Japan; 2 Sportology Ctr., Juntendo Univ. Graduate Sch.
of Med., Bunkyo-ku, Tokyo, Japan; 3 Dept. of Metabolism &
Endocrinology, Juntendo Univ. Graduate Sch. of Med, Bunkyo-ku, Tokyo,
Japan
Purpose: Medial meniscus extrusion (MME) has been suggested to be a
risk factor for the progression of knee osteoarthritis (knee OA). However, its pathophysiological mechanism remains unclear. Anatomically,
meniscus attaches to the femur by menisco-femoral ligament and to the
tibial plateau by menisco-tibial ligament (coronary ligament). In particular, the menisco-tibial ligament plays an important role for the
stability of meniscus to the tibial plateau. As osteophyte is formed in the
similar process which is observed in an endochondral ossiﬁcation,
osteophyte is composed of not only bone part but also cartilage part at
the peripheries of the articular cartilage. In our recent study using T2
mapping MRI, MME was found in all patients with early stage knee OA
who did not have meniscal lesion or tear. We also demonstrated that
osteophyte was also found in all cases. When cartilage-part of osteophyte was evaluated in addition to bone-part of osteophyte, MME was
coincided with the medial tibial osteophyte width in patients with early
stage knee OA (Arthritis Res Ther, 19:201, 2017). Here we hypothesized
that the tension of the menisco-tibial ligament (coronary ligament)
associated with the increase in osteophyte development contributes to
the development of MME. In this study, we examined the association
between MME and medial tibial osteophyte (OPt) and medial femoral
osteophyte (OPf) to investigate which was more strongly associated
MME.
Methods: A total of 1,630 subjects aged between 65 to 84 years of age
participated in the Bunkyo Health Study during from November 2015 to
September 2018. A written informed consent was obtained all participants of this study. 1,191 among 1,630 subjects (56.6% females, 72.9
years of age on average) underwent both the plain radiograph in the
standing position and MRI on knee joint. A radiographic severity of knee

Purpose: As there are concerns that a high degree of physical activity
(PA) may increase the risk of knee osteoarthritis (OA) development,
epidemiological studies have been undertaken to examine whether PA
has effects on structural changes in the knee. Several studies used
magnetic resonance imaging (MRI) to capture OA features (e.g. cartilage
defects and meniscal pathologies) in early onset of disease as the
development of OA features on radiography usually takes years.
Therefore, the aim of this study was to systematically review all studies
that evaluated the association between PA levels and knee OA features
on MRI, among subjects without knee OA.
Methods: An online search for all types of studies presenting original
data was conducted by searching the MEDLINE ALL Ovid, Embase, Web
of Science Core Collection, CINAHL EBSCOhost and Cochrane CENTRAL
register of Trials from their earliest date until 25 of September in 2020.
To be included, prospective studies had to report on human subjects
free of knee OA/symptoms and at mid-aged to elderly age (average age
between 35 and 80 years). Physical activities levels could be measured
by record of any self-reported PA (questionnaire; steps/day, running,
speciﬁc training) or any objective measurement. Evaluations of instant
effects of PA were excluded. Eligible outcomes were all measures of
intra-articular knee joint structures on MRI, such as meniscus, cartilage,
BML, osteophytes, and effusion/synovitis.
Results: Based on a systematic search strategy, 2317 references were
initially screened for eligibility. For meniscus pathologies, there were 4
studies (2175 knees) that met the inclusion criteria. Characteristics and
a summary of signiﬁcant ﬁndings of each study are presented in the

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

table below. Higher levels of PA were associated with higher risk of
meniscal pathologies (e.g. meniscal extrusion and lesion). Though in a
study among overweight women, meniscal extrusion showed no
association with self-reported PA. The ﬁnal selection of studies measuring other knee joint structures and the scoring the risk of bias is still
ongoing.
Conclusions: In these preliminary Results, higher levels of PA were
associated to meniscus pathologies among non-OA subjects. Further
insights into the effects of different kind and degrees of PA on other
knee joint structures is required, in order to give advice on potential
preventive actions.
PRESENTATION NUMBER: 42
QUANTITATIVE MRI ANALYSIS OF CARTILAGE AND MUSCLE
DEGENERATION 10 YEARS AFTER ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION
D. Xie 1, 2, R. Lartey 1, J. Kim 1, M. Li 1, B.L. Eck 1, 3, J. Murray 1,
C.S. Winalski 4, 5, F. Altahawi 4, 5, M.H. Jones 4, 6, B.M. Damon 7,
L.J. Huston 8, H.T. Nguyen 9, M.V. Knopp 9, K.P. Spindler 4, 6, X. Li 1, 5.
1
Program of Advanced Musculoskeletal Imaging (PAMI), Dept. of
BioMed. Engineering, Lerner Res. Inst., Cleveland Clinic, Cleveland, OH,
USA; 2 Dept. of Orthopaedics, Xiangya Hosp., Central South Univ.,
Changsha, China,; 3 Div. of Radiology, Imaging Inst., Cleveland Clinic,
Cleveland, OH,; 4 Program of Advanced Musculoskeletal Imaging (PAMI),
Cleveland Clinic, Cleveland, OH, USA,; 5 Dept. of Diagnostic Radiology,
Imaging Inst., Cleveland Clinic, Cleveland, OH, USA,; 6 Dept. of
Orthopaedic Surgery, Orthopaedics and Rheumatology Inst., Cleveland
Clinic, Cleveland, OH, USA,; 7 Dept. of Radiology, Vanderbilt Univ.,
Nashville, TN,; 8 Dept. of Orthopaedics and Rehabilitation, Vanderbilt
Univ., Nashville, TN, USA; 9 Wright Ctr. of Innovation in BioMed.
Imaging, Dept. of Radiology, The Ohio State Univ., Columbus, OH, USA
Purpose: Patients with anterior cruciate ligament (ACL) injury are at
high risk for the development of post-traumatic osteoarthritis (PTOA),
despite ACL reconstruction (ACLR). Long-term studies of PTOA after
ACLR mainly used radiographs; conventional magnetic resonance
imaging (MRI) has been used in a limited number of studies to evaluate
structural damages, but this only provides information on morphologic
changes that occur at relatively late stages of the disease. Besides, the
long-term degeneration of soft tissue after ACLR remains largely
unknown. In this study, we aim to use quantitative MRI (qMRI) to detect
cartilage and muscle degeneration, and to evaluate their correlation, in
patients at 10 years after ACLR.
Methods: This is a multi-site multi-vendor prospective cohort study
that involves three sites and two MR platforms (Siemens 3T and Philips
3T). MRI protocols have been harmonized between sites and cross
validation data were collected using phantoms. The patient cohort is the
Multicenter Orthopaedic Outcomes Network (MOON) Onsite Cohort at
10-year after ACLR. Inclusion/Exclusion criteria were: 22-45 years old;
ACL tear during a sport; no previous knee injury; no graft rupture
during follow-up; no history of surgery on the contralateral knee. In this
preliminary report, 11 patients (age 36.3±5.3 years; 4 females; BMI
26.3±4.5 kg/m2; 10 hamstring autograft, 1 bone-patellar tendon-bone
autograft) were studied. The knee MRI protocol included: high-resolution Dual-Echo Steady State (DESS), and combined gradient echo
MAPSS T1r and T2 mapping. DESS and all T1r- and T2-weighted images
were registered to the ﬁrst echo of the T1r-weighted images. Cartilage
compartments including medial/lateral femoral condyle (MFC/LFC),
medial/lateral tibia (MT/LT), trochlear (TRO), and patellar cartilage (PAT)
(Fig. 1), were automatically segmented on the registered DESS image by
an in-house deep learning algorithm. Voxel-wise monoexponential
ﬁtting was performed to calculate T2 and T1r maps. The thigh MRI
protocol included high-resolution T1-weighted images and six-point
Dixon images. Fat fraction (FF) maps were reconstructed from the Dixon
images using a vendor-independent, magnitude image-based algorithm
(“FattyRiot”). The T1-weighted images were used for manual segmentation of muscle groups in each leg (quadriceps, hamstrings, other) (Fig.
1) after registration to Dixon images. FF was calculated for each deﬁned
muscle group. A paired t-test was used to determine the differences of
qMRI measurements between injured and contralateral sides. With
adjustment for age and sex, Pearson's partial correlation was performed
to examine the association between thigh muscle FF and cartilage T1r
and T2.
Results: MFC and MT cartilage T1r and T2 values were signiﬁcantly
higher in ACL injured knees compared with contralateral knees (all P
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values < 0.05), with MFC increasing 7.5% for T1r and 6.8% for T2, and MT
increasing 23.2% for T1r and 30.9% for T2 (Fig. 2). Besides, elevated T1r
values were also observed in the LFC (P¼0.023) and LT (P¼0.013)
compartments, and elevated T2 value was observed in the TRO
(P¼0.002) compartment (Fig. 2). Comparing with the contralateral leg,
the ACL injured leg had elevated FF in hamstrings (injured 10.2±3.9%,
contralateral 7.7±2.7%; P¼0.004), but not in other muscle groups (Fig.
2). No signiﬁcant correlation was observed between thigh muscle FF
and cartilage T1r and T2 values.
Conclusions: The preliminary data collected in this ongoing study
showed that increases of T1r and T2 values of cartilage were mainly
observed in the medial compartments, but also in the lateral and
patellofemoral compartments, suggesting that early degeneration of
cartilage can be detected in the whole joint 10 years after ACLR. Elevated FF in the hamstring muscles of the ACL injured leg may be due to
that most of the patients in this study underwent ACLR with hamstring
autografts. No signiﬁcant correlation was observed between FF of
muscles and the compositional changes in the cartilage. Data from more
patients are being collected to conﬁrm the ﬁndings.
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PRESENTATION NUMBER: 43
IN VIVO INVESTIGATION OF DIFFERENTIALLY POLARIZED
EXOGENOUS MACROPHAGES IN MURINE OSTEOARTHRITIS
M. Chan 1, 2, W.-Y. Cheung 1, 3, A. Ziyaeyan 1, 3, R. Rabani 1, 3, M. Rasti 1, 3,
S. Gabrial 1, 3, M. Kapoor 1, 3, S. Viswanathan 1, 2. 1 Osteoarthritis Res.
Program, Div. of Orthopedic Surgery, Schroeder Arthritis Inst., Univ.
Hlth.Network, Toronto, ON, Canada; 2 Inst. of BioMed. Engineering, Univ.
of Toronto, Toronto, ON, Canada; 3 Krembil Res. Inst., Univ. Hlth.Network,
Toronto, ON, Canada
Purpose: Mounting evidence supports that macrophages (MFs) contribute to osteoarthritis (OA) disease progression. MFs in OA promote a
pro-inﬂammatory, pro-catabolic joint environment, with a total joint
population consisting of both inﬁltrating and synovial resident cells.
Despite identiﬁcation of pro-inﬂammatory MF subpopulations that
correlate to OA worsening, anti-interleukin therapies and targeted MF
ablation have had mixed outcomes. We hypothesize that a more ﬁnetuned modulation of the ratio of pro-inﬂammatory (“M1-like”) to proresolving (“M2-like”) MFs present in the OA joint through adoptive
transfer will guide an effective, multi-modal therapeutic effect on
inhibiting inﬂammation and disease progression.
Methods: Male C57BL/6J mice (N¼60) are subjected to sham or
destabilization of the medial meniscus (DMM) surgery to induce OA at
12-weeks of age. Two injections of exogenously polarized bone marrow-derived MFs or saline control are administered at 1- and 4-weeks
post-surgery. MF were differentiated from murine bone marrow by 7day M-CSF culture, inclusive of a 48-hour polarization using IFN-g + LPS
(M1-like) or IL-10 + TGF-Β1 (M2-like). Knee joints are harvested at 5weeks post-surgery for histological analysis. Safranin-O/Fast Green
staining was used for scoring OA severity under OARSI guidelines. iNOS
(M1-like marker) and CD206 (M2-like marker) are quantiﬁed to evaluate MF ratios in the synovium. Transgenic luciferase reporter mice
were used to produce MFs traceable by post-treatment luciferin
injection to monitor retention for a subset of the study.
Results: Preliminary results trend towards a differential effect of M1like versus M2-like MFs on OA progression. Mice injected with M1-like
MFs have higher disease severity as graded semi-quantitatively by both

tibial and femoral OARSI scores compared to M2-like MFs (Fig. 1, N¼18).
We are able to detect the presence of iNOS+ and CD206+ MF within the
synovium and comparison of the phenotypic ratio is in progress.
Retention of exogenous MFs in the joint was observed up to 72 hours
post-treatment.
Conclusions: Pilot data shows that injection of exogenously polarized
M1-like versus M2-like MFs have an effect on OA severity within the
murine DMM model. Current work will complete severity grading for all
study animals and add immunoﬂuorescent co-staining for F4/80 to
specify CD206+ and iNOS+ synovial macrophage populations. This work,
in parallel with exogenous MF treatment within a human OA joint
explant co-culture model, will support future translation of MF-based
cell therapies for the treatment of OA.
PRESENTATION NUMBER: 44
BENEFITS OF PHOTOPOLYMERIZABLE HYDROGELS FOR THE
EFFECTIVE DELIVERY OF RAAV VECTORS IN HUMAN BONE
MARROW DERIVED MESENCHYMAL STEM CELLS
W. Meng 1, J.K. Venkatesan 1, R. Beninatto 2, D. Galesso 2, G. Schmitt 1,
S. Speicher-Mentges 1, H. Madry 1, M. Cucchiarini 1. 1 Saarland Univ.,
Homburg, Germany; 2 Fidia Farmaceutici S.p.A., Padua, Italy
Purpose: Injured adult articular cartilage has a limited ability for selfhealing. Administration of genetically modiﬁed bone marrow-derived
mesenchymal stromal cells (MSCs) in cartilage defects is a promising
approach to enhance cartilage repair, especially when using clinically
relevant recombinant adeno-associated virus (rAAV) vectors [1,2]. Yet,
the presence of neutralizing antibodies against the viral capsid proteins
in patients [3] may impair effective gene transfer in translational protocols. Scaffold-guided rAAV gene transfer has the potential to overcome such an issue by protecting the vectors from neutralization while
increasing their gene transfer efﬁcacy by controlling their spatial and
temporal delivery [4-7]. Here, we examined the feasibility of delivering
rAAV vectors in human MSCs (hMSCs) via photopolymerizable hydrogel
systems [8,9] as future, effective platform for cartilage repair.
Methods: rAAV vectors were packaged, puriﬁed, and titrated as previously described [10,11]. rAAV-lacZ carries the E. coli b-galactosidase
(lacZ) reporter gene and rAAV-RFP the Discosoma sp. red ﬂuorescent
protein gene (RFP) [10,11]. Cy3 labeling of the rAAV vectors was performed using a Cy3 Ab Labeling Kit (Amersham/GE Healthcare) with
detection by live ﬂuorescence imaging as previously described [12].
Bone marrow aspirates were obtained from the distal femurs of donors
undergoing total knee arthroplasty (n ¼ 2). hMSCs were prepared as
previously described [10,11]. Cells (passage 1) were seeded in 48-well
plates (5,000 cells/well), maintained in DMEM, 10% FBS, 100 U/ml
penicillin G, 100 ml/ml streptomycin, and incubated at 37ºC during 12 h
before addition of the various hydrogel systems. The hydrogel systems
(FID119 F3 and FID119 F4) were prepared by overnight dissolution of the
compounds (300 mg of FID119 F3, i.e. F3; 200 mg of FID119 F4, i.e. F4) 10
ml NaCl 0.9% (w/v). The F3 and F4 hydrogel systems were mixed with
rAAV-lacZ or rAAV-RFP in equal parts using a BTC® Medical Europe UVLamp (5 min) and directly applied to the cultures for up to 21 days.
Release of rAAV from the hydrogels was evaluated by AAV Titration
ELISA (Progen) in conditioned culture medium using a permeable
support system as previously described [12]. Transgene (RFP) expression was detected by live ﬂuorescence imaging [10,11]. Cell viability was
monitored using the Cell Proliferation reagent WST-1 (Roche Applied
Science) [12]. Each condition was performed in duplicate in two independent experiments.
Results: The F3 and F4 hydrogels (Fig. 1A) were both capable of
encapsulating rAAV as noted by effective detection of Cy3 vector
labeling in the hydrogel systems relative to control conditions (encapsulation of unlabeled vectors) (Fig. 1B). An analysis of the rAAV release
proﬁles (Fig. 1C) showed that both the F3 and F4 hydrogels effectively
released rAAV over a prolonged period of time (21 days, the longest
time-point evaluated) compared with hydrogels lacking rAAV vectors,
with hydrogel-free rAAV vectors, and with a condition lacking both the
hydrogel and rAAV. Speciﬁcally, the F4 hydrogel system was the most
potent to support a controlled release of rAAV over time (Fig. 1C). An
estimation of transgene (RFP) expression upon direct contact of the
hydrogels with hMSCs over time revealed that rAAV-RFP released from
the F3 and F4 hydrogels promoted an effective overexpression of the
RFP reporter gene in the cells for at least 21 days (the longest time-point
examined) versus the various control conditions tested (Fig. 2). Equally
important, an analysis of the cell proliferation indices in the cells
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showed no deleterious effects of the F3 or F4 hydrogel systems carrying
rAAV relative to the various control conditions tested (Fig. 3).
Conclusions: Controlled delivery of rAAV via FID119 hydrogels (especially with the F4 hydrogel system) has the potential to safely and
durably modify hMSCs. Combining rAAV gene transfer with the use of
photopolymerizable (FID119) hydrogels may provide novel, promising
tools to enhance cartilage repair by implanting MSCs modiﬁed to
overexpress therapeutic (chondroregenerative) genes via controlled
delivery of rAAV using in particular the F4 hydrogel.
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PRESENTATION NUMBER: 45
SILENCING OF INFLAMMATORY PATHWAYS THROUGH CRISPR CAS9
KNOCKOUT OF TAK1 IN HUMAN CHONDROCYTES
A. Bonato 1, G. Barreto 2, M. Zenobi-Wong 1.
Switzerland; 2 Univ. of Helsinki, Helsinki, Finland
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ETH Zurich, Zürich,

Purpose: Osteoarthritis (OA) is a debilitating disease with few effective
therapeutic options. Chronic inﬂammation is a risk factor for poorer
outcome, and it remains unclear how the presence of proinﬂammatory
cytokines can affect cartilage repair. To address this question, we
investigated the role of the main effector of the inﬂammatory pathways,
Tak1, a MAP kinase associated with OA progression. Tak1 was knocked
out in chondrocytes using CRISPR/Cas9 and the ability of edited chondrocytes to undergo chondrogenesis in the presence of IL-1b, lipopolysaccharide (LPS) and TNFa was studied. Chondrocytes from
polydactyly patients (< 1 year old) were used as these are a promising
allogenic cell source due to their ability to support chondrogenesis up
until passage 5 as well as their immune-privileged properties.
Methods: Chondrocytes were edited with the CRISPR/Cas9 ribonucleoprotein approach. Guide RNAs were screened for their ability to
produce an effective knockout (KO) of the Tak1 gene as determined by
Sanger sequencing. Sequencing Results were evaluated with the TIDE
online tool for KO prediction. The most efﬁcient combination was used
for the other experiments, using three different donors to account for
donor variability. Residual protein levels were investigated through
Western blotting of Tak1. Cells were treated with 10 ng/ml of IL-1b, LPS
or TNFa and expression of inﬂammation-associated genes were studied
by qPCR. NF-kB translocation into the nucleus was assessed by counting
the NF-kB positive nuclei with immunoﬂuorescence (IF) on cells treated
with IL-1b for 48 hours. Chondrogenesis was evaluated by a pellet assay,
with or without 10 ng/ml of IL-1b, LPS and TNFa during the last 7 days.
The Tak1-inhibitor 5Z-7-Oxozeaenol was used as a positive control. To
test the ability of KO cells to repair cartilage, ﬂuorescent tracker-labelled
cells were adhered ex vivo to bovine cartilage discs and imaged at day 1,
3 and 7.
Results: The most efﬁcient KO showed retention of the editing for at
least two passages (Fig.1A) and a residual protein expression of
12.4%±3.35 compared to WT (Fig.1B, C). qPCR results demonstrated that
the Tak1 KO decreased the expression of inﬂammatory cytokines IL1-b
and IL-6, as well as matrix metalloproteinase 13 and NF-kB, compared
to WT (Fig 2A). Furthermore, NF-kB translocation into the nucleus due
to IL-1b treatment was elevated in the WT (13,83%) and Oxozeaenol
treated cells (37,01%) but was almost completely absent in the edited
cells (0,3%; Fig.2B). In the presence of LPS, pellets made of Tak1-KO cells
showed a better retention of extracellular matrix. Both edited and WT
human chondrocytes showed a strong ability to adhere to the surface of
bovine cartilage explants, and to proliferate until conﬂuency.
Conclusions: We report here on the generation of a highly efﬁcient and
stable population of edited human chondrocytes with low expression of
Tak1 protein, that are less sensitive to inﬂammatory stimuli normally
present in an OA environment. These cells retain the ability to differentiate into mature cartilage and show reduced expression of inﬂammatory interleukins and MMPs. We also report a lower activation of the
NF-kB pathway by qPCR and IF, conﬁrming the central role of Tak1 in
the transmission of inﬂammation. These edited chondrocytes have
potential to promote regeneration of OA-afﬂicted cartilage.
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functionalized with the VHH efﬁciently inactivated TNFa and that this
inhibition was comparable to inhibition by an equimolar concentration
of non-conjugated VHH.
Conclusions: We successfully developed a biocompatible and efﬁcient
way to couple VHH to hyaluronic acid. These conjugates could be used
for in situ generation of cytokine sinks capable of capturing different
pro-catabolic cytokines in treatment of OA. Our Results demonstrate
that cytokine sinks have great potential for neutralizing inﬂammatory
pro-catabolic cytokines after intra-articular injection by increasing the
retention time of neutralizing antibody fragments in the joint cavity.
PRESENTATION NUMBER: 47
TNF-ALPHA INDUCES FGF1 IRES MEDIATED MESSENGER RNA
TRANSLATION IN CHONDROCYTES
G.G van den Akker 1, A. Chabronova 1, B.A. Housmans 1, D. Surtel 1,
A. Cremers 1, M. Peffers 2, M.M. Caron 1, T.J. Welting 1. 1 Maastricht Univ.
Med. Ctr.+, Maastricht, Netherlands; 2 Univ. of Liverpool, Liverpool, United
Kingdom

PRESENTATION NUMBER: 46
INJECTABLE HYDROGELS FUNCTIONALIZED WITH ANTIBODY
FRAGMENTS
AS
INTRA-ARTICULAR
CYTOKINE
SINKS
NEUTRALIZING PRO-CATABOLIC CYTOKINES
L. Zhong, M. Koerselman, L. Karbaat, T. Kamperman, J. Leijten,
B. Zoetebier, M. Karperien. Univ. of Twente, Enschede, Netherlands
Purpose: Intra-articular (IA) injection with biologics like cytokine
neutralizing antibodies to treat osteoarthritis (OA) have been explored,
but so far success is limited. One of the key obstacle for the efﬁcacy of
intra-articular therapies is the short retention time of these biologics in
the joint space due to rapid clearing by the synovial membrane. To
overcome these limitations, we developed a new concept that potentially can increase the therapeutic value of pro-inﬂammatory cytokine
neutralizing antibody fragments in the management of OA. The concept
is based on the use of injectable hydrogels functionalized with the
variable domain of single chain heavy chain only antibodies (VHHs) for
cytokine capture. VHHs can be easily isolated using phage-display
technology, recombinantly engineered and produced in yeast. These
hydrogels can either be pre-crosslinked in microgels before injection or
injected as polymer-VHH conjugates that cross link in a hydrogel in situ.
Here, hyaluronic acid was used as model polymer after substitution
with tyramine and maleimide groups. The tyramine moiety is used in
an enzymatic cross-linking reaction to yield stable macromolecular
hydrogel networks. The maleimide group is used for thiol-maleimide
chemistry coupling a recombinantly engineered VHH with a free Cysteine in its C-terminal tail to the polymer backbone. We hypothesized
that this strategy to functionalize hydrogels with the VHH can retain
biological activity of neutralizing VHH. To proof the concept of these socalled cytokine sinks we have selected an anti-TNFa VHH that effectively neutralizes TNFa, which plays an essential role in cartilage degradation in inﬂammatory arthritis.
Methods: To achieve directed conjugation of the VHH to the polymer,
we have introduced an unpaired cysteine by using recombinant DNA
technology in the C-terminus of the anti-TNFa VHH. Afterwards, the
modiﬁed VHH was produced in yeast and puriﬁed. The conjugation of
the VHH to the hyaluronic acid was performed by incubating the VHH
with tyramine and maleimide functionalized hyaluronic acid. Characterization of binding afﬁnity for both the non-conjugated VHH and
conjugated VHH were measured by ELISA. hydrogels functionalized
with the VHH was prepared by mixing the hyaluronic acid-VHH conjugates with enzyme peroxidase and H2O2. Biological activity of the
conjugated VHH and hydrogels functionalized with the VHH was
measured using an NFkb responsive luciferase reporter cell line after
stimulation with TNFa. An equimolar concentration of non-conjugated
VHH was used as a control.
Results: We show successful conjugation of the VHH to the polymer
backbone. The VHH functionalized polymer could be used for making
stable hydrogels after tyramine mediated cross linking. This modiﬁcation did not affect the biological activity of the VHH. Using an NFkb
responsive luciferase reporter cell line we demonstrated that hydrogels

Purpose: Ribosomes are exclusively required for the continuous
translation of all proteins in cells. In addition to the major pathway of
cap-mediated translation, Internal Ribosomal Entry Site (IRES)-mediated translation is a distinct level of translational regulation that is at a
cell’s disposal under stress conditions. It was demonstrated that thousands of human mRNAs contain IRESs. We hypothesized that environmental conditions relevant to osteoarthritis (OA), alter ribosome
function in chondrocytes, which in turn contribute to OA pathophysiology. We used a candidate approach in a chondrocytic cell line to
identify IRESs that differentially regulate mRNA translation in OA-like
conditions.
Methods: Eleven eukaryotic IRESs known to mediate cap independent
translation were cloned into a modiﬁed psiCHECKv2 backbone to generate bicistronic reporter plasmids (pRenilla_Fireﬂy, pR_F). The SW1353
chondrocytic cell was cultured in DMEM/F12 supplemented with 10%
FCS, 1% NEAA and antibiotics. Cells were stimulated for up to three days
with two different pleiotrophic cytokines (10 ng/ml IL1-beta, 10 ng/ml
TNF-alpha). SW1353 were transfected with bicistronic IRES reporter
constructs or an empty control plasmid using Fugene. Dual luciferase
reagents were used in combination with a luminescence detection
injection system to measure IRES (Fireﬂy) and cap-mediated (Renilla)
translation. The IRES activity ratio was calculated by dividing Fireﬂy/
Renilla signal and is presented as a fold change. RT-qPCR was used to
determine FGF1 splice variant and total FGF1 mRNA expression. ELISA
was used to measure FGF1 secretion levels. Statistical analyses were
performed with a student t-test.
Results: Our initial IRES activity screening revealed that 10/11 IRESs
were 2-7 times more active in comparison with the empty control
plasmid under normal culture conditions demonstrating basic activity
of the IRES. Stimulation with TNF-alpha for 3 days led to increased FGF1
IRES activity (Fig. 1A; 59%). The empty control plasmid also produced
~18% more signal in the presence of TNF-alpha. Next, we determined
the kinetic regulation of the FGF1 IRES activation by TNF-alpha. After
overnight transfection of the reporter, TNF-alpha stimulation did not
result in FGF1 IRES activation after 8 hours, but signiﬁcant induction at
16 (42%) and 24 hours (52%) post-stimulation (Fig. 1B; TNF-alpha). Nontreated cells were taken along as a control and did not show any FGF1
IRES activation alterations (Fig. 1B; control). To establish whether the
IRES activation was accompanied by induction of mRNA expression, we
evaluated gene expression of all FGF1 isoforms and the endogenous
IRES containing FGF1A isoform. None of the FGF1 transcript variants was
induced by TNF-alpha treatment after 1 or 3 days (Fig. 1C; FGF1a
expression and data not shown). Gene expression was even signiﬁcantly decreased at day 1 (2 fold) and day 3 (8 fold) compared to day
0. At day 3, gene expression of the IRES-containing transcript was even
signiﬁcantly reduced by 35% in the presence of TNF-alpha in comparison with control stimulation. Finally, we measured FGF1 protein levels
in the medium to test if the observed IRES activation and decreased
mRNA expression led to an increase in FGF1 protein synthesis. We
found an induction of FGF1 protein levels in the medium at day 1 (1.7
fold) and day 3 (3.4 fold; Fig. 1D).
Conclusions: For the ﬁrst time we demonstrate that a cytokine, TNFalpha, can induce IRES-mediated mRNA translation of FGF1 in a chondrocytic cell-line. This was accompanied by an 8-fold reduction in FGF1
mRNA levels, but a 3.4 fold accumulation of FGF1 protein levels in the
culture medium. Our time-series experiments indicate that the IRES
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activation occurs within 16 hours post-stimulation with TNF-alpha. The
efﬁciency of the FGF1A IRES translation is expected to be higher than the
FGF1 IRES sequence that we cloned into the plasmid, since the reduction in mRNA levels is much stronger than the detected IRES activation
and accumulation of protein. This might be explained by the fact that
we only cloned a minimal 216 base pair IRES sequence, rather than the
full-length 486 base pair FGF1 5’UTR. In addition, we did not take other
potential translation regulation elements into account, such as the
3’UTR that might act in concert with the IRES. FGF1 expression is known
to be relevant for osteoarthritis by its capacity to induce MMP13 protein
expression in chondrocytes. Therefore, IRES-mediated translation can
contribute to the pathophysiology of osteoarthritis.

PRESENTATION NUMBER: 48
TNF-a ACTIVATES STAT3 SIGNALING AND SENESCENCE IN NP CELLS
S. Ashraf 1, P. Santerre 2, R. Kandel 1. 1 Mount Sinai Hosp., Toronto, ON,
Canada; 2 Univ. of Toronto, Toronto, ON, Canada
Purpose: Intervertebral disc (IVD) degeneration is an irreversible
process and inﬂammatory cytokines are known to play a major role in
the pathogenesis of this age-related disease. Accumulation of senescent
nucleus pulposus (NP) cells with age has been associated with disc
degeneration but why this occurs is not fully elucidated. STAT3 signalling has been implicated in premature senescence. This study investigates the hypothesis that TNF-a will induce senescence in NP cells and
that they will promote the senescence of healthy NP cells via a paracrine
effect that involves STAT signalling.
Methods: NP cells were isolated from bovine caudal IVDs and seeded
either in monolayer culture or on a transwell insert for non-contact coculture experiments. All experiments were initiated using passage 1
cells, as we have shown previously these cells still retain their phenotype. NP cells were treated with TNF-a (40 ng/ml) and senescence
evaluated by quantifying b-galactosidase staining (SA-b-Gal) positive
cells using Image J. Gene expression of p16, IL-6, STAT3 and NP markers
were semi-quantiﬁed by qPCR. Protein levels were evaluated by either
western blot analysis and densitometry (p16, STAT3 and pSTAT3), or
ELISA (IL-6). Live/dead assay and TUNEL assay to quantify apoptosis
were performed. Co-culture of healthy NP cells and TNF-a treated cells
(senescent) were performed to evaluate the effect of senescent cells on
healthy cells. For the contact co-culture assay, NP cells were cultured for
3 days in monolayer and either exposed to TNF-a (40 ng/ml) for 24
hours and then incubated with Calcein AM (2mM) or were untreated
and grown in the absence of calcein AM. The next day the cells were
trypsinized and 3 conditions established as follows: group 1¼ untreated, unlabeled cells grown alone; group 2¼ TNF-a treated, Calcein
labeled cells grown alone; and group 3¼ untreated and TNF-a treated,
Calcein labeled NP cells were mixed in equal numbers and co-cultured.
24 hours later cells were stained for SA-b-Gal. For the non-contact coculture, NP cells were cultured in monolayer for 3 days and then grown
in the presence or absence of TNF-a (40 ng/ml). 24 hours later the cells
were harvested. Untreated cells were seeded in the bottom of six well
plate which contained a transwell insert seeded with either untreated
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or TNF-a treated cells. In selected experiments, untreated cells were
grown on the bottom of the plate in the presence or absence of Stattic V
(500 nM; inhibits activation of STAT3) and after 24 hours were stained
for SA-b-Gal. All experiments were performed at least three times and
each condition was done in triplicate unless speciﬁed otherwise. The
Results were expressed as mean±standard deviation (SD) and analyzed
by one-way analysis of variance (ANOVA) followed by Tukey’s multiple
comparison test. P-values <0.05 were considered statistically
signiﬁcant.
Results: TNF-a treatment increased the number of senescent cells from
20.6% ± 7.7 to 87.1% ± 5.3 (p<0.05) as determined by SA-b-Gal which
correlated with signiﬁcantly upregulated expression of the senescent
marker p16, the senescence-associated secretory phenotype (SASP)
secretome marker cytokine IL-6, and downregulated NP markers,
Aggrecan, Col2A1, and Sox9. pSTAT3 levels were increased in senescent
cells and appeared to upregulate IL-6, as inhibition of STAT3 phosphorylation by Stattic V (500 nM) downregulated IL-6 mRNA expression
by the cells and the amount of protein secreted into the culture
medium. TNF-a treatment for 24 hours followed by treatment with
Stattic V (500 nM) for 24 hours did not restore the NP cell phenotype as
determined by examining gene expression of NP biomarkers, Aggrecan,
Col2A1, and Sox9. Instead this treatment caused the senescent cells to
undergo cell death as indicated by TUNEL and live-dead assays. To
determine if senescent cells induce the senescence of healthy cells,
contact co-culture of healthy and senescent cells showed that healthy
cells within the vicinity of the senescent cells became senescent,
whereas cells surrounding healthy cells (non-senescent) did not exhibit
senescence, as characterized by SA-b-Gal staining (Fig. 1). When these
cells were co-cultured but not in direct contact (transwell co-culture)
TNF-a treated cells increased the number of senescent cells from 13.2%
±1.3 to 40.6% ± 2.3 in the untreated cells (p¼0.01) suggesting this was
due to a paracrine effect. Addition of Stattic V in the culture medium of
untreated cells during non-contact co-culture with TNF-a treated NP
cells prevented the paracrine effect of TNF-a treated cells, and reduced
the percent of senescent cells in the healthy cells from 40.6% ± 2.3 to
14.4% ± 3.9 (Fig. 2). Western blot analysis and densitometry conﬁrmed a
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2fold reduction in p16 expression consistent with decreased
senescence.
Conclusions: This study demonstrated that TNF-a induces NP cell
senescence and this involves activation of STAT signaling and IL-6.
Senescent cells propagate senescence in healthy cells via a paracrine
effect that involves STAT signaling. This paracrine effect may explain
why senescent NP cells accumulate in IVD with age. The role of pSTAT3
in regulating NP senescence requires further study.
PRESENTATION NUMBER: 49
THE PATIENT ACCEPTABLE SYMPTOM STATE FOR KNEE PAIN - A
SYSTEMATIC LITERATURE REVIEW AND META-ANALYSIS

estimates of PASS due to risk of bias (low: 23, 95%CI: 11 to 35; moderate:
34, 95%CI: 24 to 45; high: 26, 95%CI: 21 to 31) were not signiﬁcant
(Q¼1.93, p ¼ 0.38).
Conclusions: Standardised knee pain PROMs scores of approximately
30/100 are considered acceptable by people with knee pain. The level of
pain that is acceptable might depend upon the baseline pain severity
(higher with worse baseline pain), decrease with time from commencing an intervention and vary according to diagnostic or treatment
group. However, different knee pain PROMs when transformed produce
similar PASS scores, suggesting that standardised scores derived from
multiple instruments might be validly combined in large multicentre
studies using historically collected data.

V. Georgopoulos 1, S. Smith 1, D. McWilliams 1, T.L. Vincent 2, F.E. Watt 2,
D.A. Walsh 1. , The STEpUP OA Consortium1 Univ. of Nottingham,
Nottingham, United Kingdom; 2 Univ. of Oxford, Oxford, United Kingdom
Purpose: Knee pain is highly prevalent, most commonly attributed to
osteoarthritis in older people, and in younger people often due to
internal derangements. Knee pain can be measured using numerical
patient-reported outcome measures (PROMs). Several pain measurement questionnaires have been used for OA pain. These questionnaires
each purport to measure the participant’s experience of pain, but may
address different pain characteristics (recollection over different time
periods, pain impact on function, constant or intermittent or other
qualitative aspects of pain). Pooling pain data between studies using
different PROMs requires demonstration or transformation to ensure
that each PROM would give the same value for pain in a single participant. The Patient Acceptable Symptoms State (PASS) indicates a clinical
benchmark that permits comparison between PROMs. Current treatments might relieve but often do not eliminate pain, and PASS is the
threshold representing pain which a patient would accept for the
remainder of their life. We aimed to systematically review PASS
thresholds for different pain PROMs used with people with knee pain,
and to identify factors that might inﬂuence PASS heterogeneity.
Methods: We systematically reviewed literature for PASS scores in knee
pain using searches of CENTRAL, MEDLINE, EMBASE, AMED, CINAHL,
and SPORTDiscus databases from their inception date up to June 2020.
PROMs of interest were pain-speciﬁc questionnaires (or their related
domains). Title screening, data extraction, and methodological quality
assessments were performed independently by 2 reviewers. Outcome
scores were standardised and included in meta-analysis models as a 0100 scale (0: no pain, 100: highest pain severity). Based on a-priori
hypotheses (PROMs, diagnoses, interventions, follow-up timepoints
and methodological quality) and following review of data from included
studies (PASS score derivation methods), potential effects of study and
patient characteristics on PASS were explored. Post-hoc meta-regression explored the relationship between baseline pain and PASS scores.
The signiﬁcance of differences observed between subgroups was evaluated via a Cochran's Q-test. Study heterogeneity was evaluated with
the I2 statistic.
Results: Eighteen eligible studies (n¼7766 participants) reported PASS
from pain PROMs in people with knee pain. All studies were longitudinal and observational, undertaken within the context of a treatment
for knee pain. Identiﬁed PROMS were the Knee Injury and Osteoarthritis
Outcome Score (KOOS), Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), the Numerical Rating Scale (NRS) and
the Visual Analogue Scale (VAS). Most studies were of low risk of bias
(8/18), with 6/18 of moderate and 4/18 of high risk of bias. Thirteen
studies (n¼6339 participants) reported data that allowed their inclusion in meta-analysis models. The pooled pain PASS score was 27 (95%
CI: 21 to 35; n¼6339 participants) with signiﬁcant heterogeneity (I2 ¼
96%, p <0.01) (Figure). No signiﬁcant differences (Q¼2.07, p ¼ 0.36)
were observed between PASS scores derived for the different knee pain
PROMs (KOOS: 23, 95%CI: 16 to 30; WOMAC: 28, 95% CI: 23 to 32; NRS
or VAS: 35, 95%CI: 24 to 45). Lower estimates of PASS were associated
with lower baseline pain (b¼0.60, p¼0.02), longer time to follow up at
which PASS was estimated (6-months 30, 95%CI: 20 to 40; 12-months:
24, 95%CI: 17 to 30; more than 12-months: 16, 95% CI: 9 to 22), and with
surgical (24, 95%CI: 17 to 30) rather than non-surgical interventions (40,
95%CI: 29 to 52). PASS scores were similar between knee osteoarthritis
(31, 95%CI: 26 to 36) and meniscal tear (27, 95%CI: 20 to 35) but lower
for ligament tears (12, 95%CI: 11 to 13). Observed differences in

PRESENTATION NUMBER: 50
A PHASE 2, RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED
STUDY OF SENOLYTIC MOLECULE UBX0101 IN THE TREATMENT OF
PAINFUL KNEE OSTEOARTHRITIS
N. Lane 1, B. Hsu 2, J. Visich 2, B. Xie 2, A. Khan 2, J. Dananberg 2. 1 Univ. of
California Davis, Sacramento, CA, USA; 2 Unity Biotechnology, Inc., South
San Francisco, CA, USA
Purpose: To assess the efﬁcacy and safety of single-dose, intra-articular
(IA) administration of UBX0101 in patients with painful knee osteoarthritis (OA). UBX0101 is a p53/MDM2 interaction inhibitor that can
induce apoptosis of senescent synoviocytes. Results from a recent Phase
1 study (NCT03513016) suggested that IA UBX0101 had dose-dependent, clinically meaningful effects on pain and function in patients with
knee OA.
Methods: This was a Phase 2, randomized, double-blind, placebocontrolled, parallel group study in OA patients randomized 1:1:1:1 to IA
UBX0101 0.5 mg, 2.0 mg, 4.0 mg or matched placebo. Key eligibility
criteria included knee OA by ACR criteria, Kellgren-Lawrence grade
(KLG) 1-4, and mean daily pain between 4 and 9 on a Numeric Rating
Scale (NRS, 0-10). Study duration was 24 weeks. Clinical outcomes
included WOMAC pain (WOMAC-A) and function (WOMAC-C) subscores (each on a 0-4 Likert scale), daily pain NRS, patient global
assessment (PGA) and patient global impression of change (PGIC). The
primary endpoint was the change from baseline (CFBL) in WOMAC-A at
Week 12. Key secondary efﬁcacy endpoints included the CFBL to Week
12 of the WOMAC-C and the weekly mean of the daily pain NRS scores.
With 45 patients per group, the study had 90% power and an alpha of
0.10 for a two-sided comparison of UBX0101 versus placebo with an
effect size of 0.50 and an assumed standard deviation of 0.75 on the
WOMAC-A item score least square (LS) mean change at Week 12.
Results: A total of 183 patients were randomized. The study population
was balanced regarding patient characteristics and baseline outcome
measure values. Mean age was 62.9 years, 64% of the population was
female, and 78% was white. Mean WOMAC-A sub-score at baseline
ranged between 2.05 and 2.20. Decreases in WOMAC-A from baseline to
Week 12 were similar for all treatment groups. The LS means CFBL in
WOMAC-A at Week 12 were -0.924, -1.52, -1.019, and -1.017 for
UBX0101 0.5 mg, 2.0 mg, 4.0 mg, and placebo, respectively. Secondary
endpoints were not met. An historically high placebo response through
Week 12 confounded the ability to discern a UBX0101 treatment effect.
Possible reasons for this were the IA dosing route, patient and/or
investigator expectedness, and gender dimorphism in pain reporting.
Single IA doses of UBX0101 up to 4 mg were associated with an
acceptable safety proﬁle and were well-tolerated. Most adverse events
(AEs) were mild. Seven, non-related, serious AEs occurred during the
study; one was a death due to coronary artery disease.
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Conclusions: This Phase 2 study failed to demonstrate efﬁcacy of single
IA doses of UBX0101 in patients with painful knee OA. The encouraging
symptomatic improvements observed in the previous Phase 1 study
were not conﬁrmed in this well-controlled, adequately powered study.
PRESENTATION NUMBER: 51
SYSTEMATIC REVIEW AND META-ANALSYIS OF THE PREVALENCE OF
NEUROPATHIC-LIKE PAIN AND/OR PAIN SENSITISATION IN PEOPLE
WITH KNEE AND HIP OSTEOARTHRITIS
L. Zolio 1, K.Y. Lim 2, M.K. Yan 1, M.M. Estee 3, S.M. Hussain 3,
F.M. Cicuttini 1, 3, A. Wluka 1, 3. 1 Alfred Hlth., Melbourne, Australia;
2
Monash Univ., Bandar Sunway, Malaysia; 3 Monash Univ., Melbourne,
Australia
Purpose: Pain in osteoarthritis (OA) may be nociceptive or neuropathiclike in nature. In knee OA, pain severity is known to be poorly correlated
with joint damage. Identifying a patient’s pain proﬁle may guide the
provision of speciﬁc therapy. This study aimed to determine the prevalence of neuropathic-like pain and/or pain sensitisation in people with
knee and hip osteoarthritis, as deﬁned by self-report questionnaires.
The secondary aim was to determine whether prevalence differed
according to patient setting.
Methods: MEDLINE, EMBASE and CINAHL databases were systematically searched in duplicate (1990-July 2019) to identify the prevalence
of neuropathic-like pain and/or pain sensitisation in patients with knee
or hip OA. Full text articles presenting their prevalence using self-report
questionnaires, with 30 participants, age 18 years were included.
Data were extracted into a prespeciﬁed form. Results were grouped
according to clinical setting (community, hospital outpatients, randomised control trials, prior joint replacement surgery) to examine
whether the prevalence differed according to OA severity. Risk of bias
was assessed using the National Institute of Health Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies. Meta-analysis was performed using RevMan, using a random effects model.
Heterogeneity between studies and sub-groups was assessed
(Cochran’s Q statistic, I2).
Results: Thirty-nine studies (2009-2019) were included. Thirty-six
studies reported patients with knee pain and six studies reported
patients with hip pain (including three studies with data for both
joints). Twenty-one studies sourced patients from hospital clinics, 10
studies sourced pre-operative patients, ﬁve studies sourced patients
from randomised control trials, and three studies sourced patients from
community samples. Thirty studies used PainDETECT or modiﬁed
PainDETECT (PDQ), six used the Central Sensitisation Index (CSI), ﬁve
used Douleur Neuropathique (DN4), two used Self-Report Leeds
Assessment of Neuropathic Symptoms and Signs (S-LANSS), and one
used Fibromyalgia Survey Questionnaire (FSQ). Using the pre-speciﬁed
quality assessment tool, 11 studies (31%) were assessed as good, 19
(54%) were as fair and ﬁve were assessed as being of poor (14%) quality.
In knee OA, 21 studies reported the prevalence of possible neuropathiclike pain using PDQ. The pooled prevalence of possible neuropathic-like
pain (PDQ 13) was 40% (95% CI 32-48%, p<0.00001, I 2¼97%). Within
different clinical settings, the prevalence of possible neuropathic-like
pain was 45% (95% CI 21-70%, p <0.0001 I2¼97%) in two community
populations; 42% (95% CI 24-60%, p <0.0001, I2¼98%) in nine hospitalbased patient populations; 40% (95% CI 29-51%, p¼0.0004, I2¼81%) in
ﬁve clinical trial participant cohorts, and 35% (95% CI 19-52%, p<0.0001,
I2¼98%) in ﬁve pre-operative patient populations. Twenty-two studies
described the prevalence of probable neuropathic-like pain in knee OA
using PDQ. The pooled prevalence of probable neuropathic-like pain
(PDQ 19) was 20% (95% CI 15-24%, p<0.00001, I 2¼94%). Within different clinical settings, the prevalence of probable neuropathic-like pain
was 34% (95% CI 10-58%, p<0.001,I2¼97%) in three community populations, 20% (95% CI 11-28%, p<0.001, I2¼92%) in seven hospital-based
patient populations, 19% (95% CI 8-30%, p<0.001, I2¼90%) in ﬁve clinical
trial participant cohorts, and 16% (95% CI 8-24%, p<0.001, I2¼95%) in
seven pre-operative patient populations. For both possible and probable neuropathic-like pain, while prevalence was heterogenous within
subgroups, there was no signiﬁcant heterogeneity between different
clinical settings (I2 ¼ 0%). Two studies reported the prevalence of
neuropathic-like pain in knee OA identiﬁed by S-LANSS, of which the
pooled prevalence was 32% (95% CI 26-38%, I 2¼0%, p¼0.43). Four
studies reported prevalence of neuropathic-like pain in knee OA using
DN4, with a pooled prevalence of 41% (95% CI 24-59%, p<0.001, I2¼97%).
The pooled prevalence of pain sensitisation identiﬁed by CSI in two
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studies was 36% (95% CI 12-59%, p<0.001, I2¼95%). In hip OA, the pooled
prevalence of possible neuropathic-like pain (PDQ score 13) across
four studies was 29% (95% CI 22-37%, I 2¼84%, p¼0.0004). Within
clinical settings the pooled prevalence of possible NP was 28% (95% CI
10-45%, p<0.001, I2¼92%) in two hospital-based populations, and 31%
(95% CI 22-40%, p¼0.04, I2¼75%) in two studies of pre-operative
patients. The pooled prevalence of probable neuropathic-like pain (PDQ
score 19) was 9% (95% CI 6-13%, I2¼0%, p<0.00001) in three studies.
One study reported prevalence to be 6% in hospital-based patients, and
two studies in pre-operative patients had a pooled prevalence of 11%
(95% CI 7-14%, p¼0.58 I2¼0%). Using PDQ, the overall prevalence of
possible and probable neuropathic-like pain was similar across the
different clinical settings (I2 ¼ 0%). The prevalence of neuropathic-like
pain in hip OA using DN4 was 22% in one study. One study used FSQ to
assess pain sensitisation but did not report prevalence.
Conclusions: Using self-report questionnaire tools, neuropathic-like
pain appeared to be more prevalent in knee than hip OA, although few
studies examined participants with hip OA. Across the different clinical
settings, the prevalence of neuropathic-like pain and/or pain sensitisation was similar, regardless of the tool used. However, it is not clear
whether the different tools identify the same individuals. These data
show that neuropathic-like pain and pain sensitisation are common in
people with OA, and that their presence is unrelated to the severity of
OA. Questoinnaire tools may be used to identify patient subgroups, to
phenotype patients. This may facilitate targeted therapy to the cause of
pain, with the potential to improve the management of OA.

PRESENTATION NUMBER: 52
THE RELATIONSHIP BETWEEN PAIN AND WALKING DIFFICULTIES IN
SHAPING THE WILLINGNESS TO UNDERGO JOINT SURGERY IN
PEOPLE WITH HIP OR KNEE OSTEOARTHRITIS
€ nsson 1, O. Rolfson 2, L. Dahlberg 1,
A. Dell'Isola 1, A. Turkiewicz 1, T. Jo
M. Englund 1. 1 Lund Univ., Lund, Sweden; 2 Univ. of Gotheborg, Gotheborg,
Sweden
Purpose: Total joint replacement (TJR) is often necessary and lifechanging for people with long-lasting pain. Despite being one of the
most common elective surgery, there is often little consensus regarding
the indications for TJR. In this context, a person’s willingness to undergo
surgery is one of the strongest identiﬁed predictors for future TJR. The
choice of treatment is a complex decision-making process inﬂuenced by
a wide range of factors among which pain covers a primary role. In
addition to its direct effect on care-seeking behaviour, pain is the main
factor responsible for physical limitations and walking difﬁculties
which can worsen the perceived health status further pushing people to
seek surgical interventions for their problems. This suggests that the
effect of pain on the willingness to undergo surgery may be partially
mediated by the presence of walking difﬁculties whose effect may vary
across pain severity levels. Understanding this relationship in the
context of willingness to undergo surgery may provide valuable information to help clinicians to improve OA management potentially
minimising the need for TJR. The objective of this study is to investigate
to what extent the relationship between pain intensity and willingness
to undergo surgery is explained by walking difﬁculties, in patients with
knee or hip osteoarthritis (OA).
Methods: This is an observational study using register data from the
Better management of patients with Osteoarthritis (BOA), which collects data from a publicly ﬁnanced standardised training and education
program for persons with OA in Sweden. We included all patients with
knee or hip OA who attended the baseline visit between 2008 and 2016.
We conducted a causal mediation analysis within a counterfactual
framework to estimate the mediation effect of walking difﬁculties (yes/
no) on willingness to undergo surgery (yes/no) for each one-point
increase in pain measured with a numerical rating scale (0 to 10) i.e.
estimating the mediation effect for persons with pain score one compared to zero, two compared to one, and so on. For descriptive purposes,
pain was divided into three categories representing mild pain (pain
score <4) moderate pain (pain score 4 and <8), severe pain (pain score
8) to show participants’ characteristics at different levels of the
exposure. Furthermore, the analysis was repeated stratifying the sample by joint and by sex due to the possible inﬂuence of these variables
on the willingness to undergo surgery. All the analysis were adjusted for
age, sex, body mass index (BMI), level of education, previous joint
surgery, health-related quality of life and self-efﬁcacy.
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Results: We included 72,131 patients (69% women, mean age 66, mean
pain 5.4, walking difﬁculties 81%, willingness to undergo surgery 27%).
As expected, pain and walking difﬁculties are related; 57% (n¼7,880),
85% (n¼41,087) and 95% (n¼8,835) of those with mild, moderate and
severe pain respectively had walking difﬁculties. A one-point increase
in pain intensity is associated with a 1.53 (95% CI: 1.51;1.55) higher odds
of being willing to undergo surgery. Walking difﬁculties mediate 15% to
25% of the effect of a one-point increase in pain when pain is < 5/10,
while at high pain levels (8/10) this percentage decreases to 3% (Fig. 1).
Analysis stratiﬁed by sex and by index joint showed a similar picture
with higher mediation at lower levels of pain.
Conclusions: Preoperative decision making is a complex process which
often relies on the patients’ willingness to undergo surgery. Our study
shows that walking difﬁculties mediate up to a quarter of the total effect
of pain on the willingness to undergo surgery in patients with mild to
moderate pain while decreasing with increasing pain severity. These
ﬁndings suggest that therapeutic strategies should take into consideration the varying effect of walking difﬁculties at different levels of
pain severities. In light of the huge cost linked to total joint replacement
and the relatively large proportion of these procedure considered
inappropriate, assessing and addressing perceived walking difﬁculties
early on minimising the difference between preferred and current
movement potential is recommended and may reduce the demand for
surgery in people with mild to moderate pain.

PRESENTATION NUMBER: 53
PIEZO2 IS EXPRESSED BY INTRA-ARTICULAR SENSORY NEURONS
AND CONTRIBUTES TO KNEE JOINT MECHANICAL PAIN
D. Ren 1, S. Ishihara 2, J. Li 2, R.J. Miller 1, A.-M. Malfait 2, R.E. Miller 2.
1
Northwestern Univ., Chicago, IL; 2 Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Osteoarthritis pain is often associated with mechanical
stimuli, but the way that sensory neurons detect these painful
mechanical stimuli remains unknown. The mechanically sensitive ion
channel, Piezo2, has been implicated in mediating proprioception and
detecting light touch on the skin, as well as mechanical allodynia in a
model of nerve injury. To study the role of Piezo2 in osteoarthritis pain,
we have created nociceptor-speciﬁc Piezo2 conditional knock-out mice.
We have previously shown that these mice do not have proprioception
deﬁcits and osteoarthritis joint damage develops similar to wild-type
mice. In this study, we use in vivo calcium imaging of the lumbar dorsal
root ganglia (DRG), which allows for imaging of sensory neuron
responses to stimuli applied to the hind limbs of anesthetized mice. We
use this technique to investigate the role of Piezo2 in nociceptor
responses to different types of mechanical stimuli applied to the hind
limb. In addition, we explore whether deletion of Piezo2 in nociceptors
affects development of knee hyperalgesia after DMM surgery. We also
use chemogenetics to determine whether therapeutic targeting of
Piezo2+ neurons can reduce knee hyperalgesia after DMM surgery.
Methods: All animal experiments were approved by IACUC committees.
In vivo calcium imaging: 35-week old male naïve NaV1.8 cre-GCaMP6s
loxp mice (n¼5) or NaV1.8-GCaMP6s-Piezo2 loxp+/- mice (n¼4) were

used for this study. These mice express the ﬂuorescent calcium indicator, GCaMP6s, in nociceptors by using the voltage-gated sodium
channel 1.8 (NaV1.8) as a marker, since this channel is expressed by
>90% of C-ﬁber nociceptors (pain-sensing neurons), and the latter mice
are heterozygote conditional Piezo2 knock-out mice. Mice were deeply
anesthetized using isoﬂurane, a laminectomy from vertebrae L2-L6 was
performed, and the right-side L4 dorsal root ganglion (DRG) was
exposed. This DRG contains sensory neurons that innervate both the
mouse knee joint and the paw. The mouse was positioned under a
Bruker Ultima In Vivo two-photon microscope. Anesthesia was maintained using isoﬂurane during imaging. A series of stimuli were applied
to each animal’s right hind limb while imaging was performed: (1) 50,
100, or 200 g paw pinch; (2) paw dynamic brush; (3) 30 or 100 g knee
pinch. For each mouse, the change in ﬂuorescence over time was calculated using a custom ImageJ macro in order to identify responding
sensory neurons. DMM surgery was performed in the right knee of 10week old C57BL/6 male NaV1.8 cre+/- (n¼5) or NaV1.8 cre-Piezo2 loxp+/+
(n¼7) mice. Knee hyperalgesia was measured 4 and 8 weeks after
surgery. DMM surgery was performed in the right knee of 10-week old
C57BL/6 male Piezo2-cre x RC::PDi DREADD mice. These mice express
the engineered G protein-coupled receptor used for neuronal silencing,
hM4D, with selectivity for the biologically inert synthetic ligand, clozapine-N-oxide (CNO), in Piezo2-expressing sensory neurons. Seven
weeks after surgery, baseline knee hyperalgesia was tested. Subsequently, CNO (n¼3 mice) was administered by intra-articular injection (10 mg/kg) and knee hyperalgesia was assessed 1, 2, and 4 hours
post injection. Two weeks later, the same mice were tested after intraarticular injection of saline as a vehicle control. Knee hyperalgesia was
measured using a Pressure Application Measurement (PAM) device
(Ugo Basile). Mice were restrained by hand and the PAM device was
used to press against the ipsilateral knee. The PAM software guided the
user to apply an increasing amount of force at a constant rate (30 g/s),
up to a maximum of 450 g. If the mouse tried to withdraw its knee, the
force at which this occurred was recorded. If the mouse did not try to
withdraw, the maximum possible force of 450 g was assigned. Two
measurements were taken per knee and the withdrawal force data were
averaged.
Results: In naïve mice, in vivo calcium imaging was used to assess the
role of Piezo2 in nociceptor responses to mechanical stimuli applied to
the hind limb of anesthetized mice. Conditional deletion of Piezo2 on
nociceptors reduced the responsiveness of these sensory neurons to
mechanical stimuli. In particular, fewer neurons responded to nonnoxious dynamic brush applied to the hind paw (p¼0.09), 30g knee
pinch (p¼0.04), and 100g knee pinch (p¼0.04) in the conditional KO
mice compared to the controls (Fig 1). In wild-type mice, we have
previously shown that DMM surgery induces knee hyperalgesia to
develop by 4 weeks after surgery and continue through 8 weeks after
surgery, compared to sham surgery. Here we show that conditional
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deletion of Piezo2 from nociceptors by using Na V1.8 cre reduces knee
hyperalgesia by 8 weeks after DMM compared to NaV1.8 cre controls
(p¼0.01, Fig 2). Seven weeks following DMM surgery, mice expressing
the inhibitory DREADD receptor on Piezo2+ neurons developed knee
hyperalgesia in the ipsilateral knee joint, similar to wild-type mice.
Intra-articular injection of the synthetic ligand CNO acutely reversed
knee hyperalgesia for up to 2 hours after injection (pre-injection,
mean±SEM: 351±28 g; 1 hour post: 443±4 g (p¼0.006 vs pre); 2 hours
post: 419±5 g (p¼0.03 vs pre)), and by 4 hours after injection, knee
hyperalgesia had returned (357±5 g) (Fig 3A). Intra-articular vehicle
injection had no effect on knee hyperalgesia (Fig 3B).
Conclusions: Deletion of the mechanically-sensitive ion channel,
Piezo2, speciﬁcally in nociceptors, resulted in a signiﬁcant reduction of
responses to noxious and non-noxious mechanical stimuli applied to
the hind limbs of naïve mice and reduced knee hyperalgesia following
DMM surgery. In addition, silencing of intra-articular nerves expressing
Piezo2 was able to acutely reverse knee hyperalgesia after DMM surgery. These data suggest that Piezo2 may be involved in the transmission of mechanical pain in osteoarthritis.

PRESENTATION NUMBER: 54
USING A BIG DATA APPROACH TO EXPLORE IN SITU CHONDROCYTE
RESPONSE TO IMPACT LOADING IN ARTICULAR CARTILAGE
J. Zheng, T. Wyse Jackson, L.A. Fortier, L.J. Bonassar, M.L. Delco, I. Cohen.
Cornell Univ., Ithaca, NY, USA
Purpose: The complex biochemical response of cartilage to the spatially
varying strains that arise during impact-induced trauma can send cells
down a multitude of necrotic or apoptotic pathways, making it difﬁcult
to understand cell-speciﬁc responses to local stimuli. Here, using a big
data approach, each cell was made its own experiment and the
response of thousands of cells to impact injury in situ simultaneously
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observed. These cellular behaviors were then classiﬁed based on their
biochemical response and their location and strain, allowing behavioral
distributions to be measured. This approach was demonstrated by
mapping the peracute spatiotemporal relationship between chondrocyte Ca2+ signaling, mitochondrial (MT) depolarization, and cell
death in response to impact trauma. This work yielded over ten million
data points per experiment on the responses of individual cells with the
goal of understanding the spatiotemporal patterns of cellular response
to the multitude of factors related to speciﬁc combinations of
mechanical stimuli. These Results will help us search for treatments of
posttraumatic osteoarthritis by probing the effect of injury on joint
homeostasis in the peracute stages of cartilage degeneration.
Methods: A custom-built confocal mounted impactor was used to
injure ﬂuorescently stained chondrocytes while continuously imaging.
An articular cartilage explant was impacted at hyperphysiologic strains.
The strain magnitude was chosen such that a range of mechanotransduction behaviors, from physiologic signaling to cell death, can be
observed within view on the microscope. The calcium concentration
([Ca2+]), MT polarization, and nuclear membrane permeability (NMP,
proxy for cell death) of each cell were obtained using particle tracking
and watershed segmentation algorithms for superﬁcial and middle
zone chondrocytes surrounding the impact site. Over 7000 cells per
experiment, with 750 timepoints over three hours for each cell and an
additional 1000 timepoints of the [Ca2+] over the minute immediately
after impact were tracked (Fig. 1). Maximum and minimum intensity
controls were obtained for each stain and used to identify cell behaviors. By obtaining over ten million data points over the timecourse of
the experiment, behaviors of individuals cells were categorized and
related to impact-induced local mechanical stimuli (Fig. 2). Supervised
learning techniques were developed to identify different types of cellular biochemical responses and relate them spatially to the site of
impact.
Results: By collecting thousands of data points for thousands of cells,
ten unique cellular response signatures for this combination of stains
were identiﬁed. The spatial and strain-dependent responses of chondrocytes to injury (Fig. 3) were categorized and heatmaps were created.
Intensity vs. time was plotted for a representative cell in each category.
There were two main responses of the NMP: it increases and then
decreases (Fig. 3a), and it increases and stabilizes or continues
increasing (Fig. 3b). Both potentially show cell death, but generally
occur in different regionsdthe increase and decrease occurs at the
impact site (region 1), deeper into the tissue (3), and at the control
surface (4, handling damage), whereas the increase and stabilization
only occurs at the impact site (1). Comparisons were also made between
cells showing calcium transients. Cells with calcium transients and no
changes to NMP (not dying) occurred largely in regions 2 and 3 (Fig. 3c),
whereas cells with calcium transients and an immediate uptick in the
NMP (dying) were highly localized to region 1, the impact site (Fig. 3d).
Cell death hours after impact with no calcium signaling trigger was only
observed near the impact site itself (Fig. 3e), highlighting the effect of
hyperphysiologic strains in comparison with calcium-mediated cell
death in other regions with lower strains. Chondrocytes with stable MT
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polarization and no calcium signaling or NMP changes were observed in
all areas except directly at the impact site (Fig. 3f), and are prevalent in
the unimpacted control, conﬁrming the efﬁcacy of the control sample.
Differences between regions also indicate the importance of the type of
strain (Fig. 2), where high compressive strain leads to cell death with or
without Ca2+ signaling (Fig. 3a-b,d), whereas high shear increases Ca2+
signaling but not cell death (Fig. 3c). Impact-induced calcium signaling
was tracked to distinguish the peracute signaling of chondrocytes in
relation to strain experienced by the tissue and distance from impact
(Fig. 4). Areas experiencing high shear strain from impact showed signiﬁcantly different peracute calcium signaling from areas experiencing
compression, with later peak onsets and much lower total Ca2+ concentration. The observation of such a wide variety of signals highlights
chondrocyte response differences between physiologic and
hyperphysiologic strains while providing a platform for studying
mechanotransduction pathways in detail. These results demonstrate an
ability to map with high spatial resolution the in situ cellular responses
to impact-induced mechanical stimuli.
Conclusions: By studying MT depolarization and Ca2+ signaling in real
time populations of in situ chondrocytes and establishing categories of
behaviors, hypotheses to probe the spatiotemporal distribution of
peracute mechanotransduction events leading from strain to cell death
were made and tested. For example, variances in NMP behavior (Fig. 3ab) may indicate differences between apoptotic and necrotic pathways.
Whether calcium transients cause an increase in NMP may be
dependent on the local straindat region 3, lower strains could be
causing TRPV4 to support joint maintenance, whereas higher strains at
region 1 could be causing PIEZO1/2 channels to induce Ca2+ intake into
the cell and causing apoptosis or necrosis. These studies were conducted in situ to account for the myriad of coupled mechanical and
biochemical stimuli. The events governing the cellular response to
injury were observed in great detail and can provide a more comprehensive understanding of the short to long timescale responses of cells
from trauma to death. This same technique adjusted for use with different ﬂuorescent probes could efﬁciently explore other pathways and
signaling molecules in further experiments. Encompassing over 10
million data points per sample, this method gives highly detailed
glimpses into the biochemical pathways connecting injury to PTOA as a
ﬁrst step to establishing therapeutic targets and treatment timelines.
PRESENTATION NUMBER: 55
FALLS PREVENTION: THE MISSING ELEMENT IN OSTEOARTHRITIS
CARE
I. Ackerman, D. Ayton, T. Tsindos, A. Barker, S.-E. Soh. Monash Univ.,
Melbourne, Australia
Purpose: Osteoarthritis (OA) and falls both commonly affect older
people. Falls are a leading cause of injury and hospitalisation among
older people, and can result in a cascade of functional decline culminating in the need for residential care. There is some evidence to suggest that people with hip or knee OA are at greater risk of falling, and
this may relate to the physical impairments associated with OA. However, while high-level evidence exists to prevent falls in older people,
current OA clinical guidelines give little or no attention to the screening
or management of falls risk. This highlights a failure in the translation of
falls prevention evidence to both clinicians and people with OA. In
designing our falls and OA research program, we aimed to: 1) identify
falls risk factors among people with hip or knee OA; 2) understand
current OA clinical practice in relation to falls prevention; and 3)
explore patient perceptions of falls risk, and barriers and enablers to
participation in falls prevention activities.
Methods: Over a 12-month period, we undertook a comprehensive
mixed-methods research program that incorporated population, clinician and consumer perspectives. The research program incorporated: 1)
a population-level analysis of falls-relevant data; 2) a clinician survey;
and 3) a qualitative study involving people with hip or knee OA. A
summary of the methods used for each research component is outlined
below. Population perspective: A longitudinal analysis of data from the
Osteoarthritis Initiative (OAI) dataset was undertaken. OAI participants
were considered to have OA if they reported having been diagnosed
with knee or hip OA by a medical practitioner. The outcome of interest
was self-reported falls. Potential predictors of falls were classiﬁed using
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the International Classiﬁcation of Functioning, Disability and Health
framework (into body functions and structures, activity limitations,
participation restrictions, environmental factors, and personal factors).
Poisson regression models were used to determine risk factors for falls.
Clinician perspective: Currently registered and practicing Australian
physiotherapists who regularly provided care for people with hip or
knee OA were invited to participate in this cross-sectional survey. A
comprehensive online survey was used to collect data on physiotherapists’ knowledge, beliefs and current practices around falls prevention in OA. All data were analysed descriptively; any free-text
responses were classiﬁed into key themes for analysis. Consumer perspective: Semi-structured telephone interviews were undertaken with
people aged 50 years who had doctor-diagnosed hip or knee OA. Two
researchers independently analysed the interview data using an
inductive method guided by the COM-B framework. Participant
recruitment ceased at 20 interviews, once data saturation was evident.
Results: Population perspective: Of 4,796 OAI participants, 2,270 (47%)
were diagnosed with knee and/or hip OA. A higher proportion of participants with OA reported having had falls (72% vs 63%; p<0.01) than
those without OA. Personal factors were found to be the strongest
predictor of falls. After adjusting for covariates, only female sex (incidence rate ratio [IRR] 1.12; 95% CI 1.04 to 1.20) and self-reported history
of falls were signiﬁcant predictors of increased falls (IRR 1.50; 95% CI
1.40 to 4.60). The presence of OA was not an independent predictor of
falls risk. These ﬁndings highlight the importance of asking patients
about their previous falls history and using this information to focus
assessment and clinical decision-making processes. Clinician perspective: Complete survey data were provided by 370 registered,
practising Australian physiotherapists. There was broad representation
across Australian states and all practice settings, including public and
private hospitals, community health centres, private practices and aged
care facilities. The participant sample ranged from new graduates to
experienced physiotherapists (47% had practised for 11 years). Despite
the majority having had speciﬁc training or access to educational
resources relating to falls risk factor screening (82%) or falls prevention
interventions (84%), physiotherapists reported only moderate conﬁdence in assessing falls risk (median 7, interquartile range (IQR) 6-8;
scale 0 (not at all conﬁdent) - 10 (extremely conﬁdent)) and in delivering falls prevention care (median 7, IQR 6-8). New graduates had the
lowest conﬁdence in these areas. While most participants asked about
falls history (88%), only 39% used falls risk screening tools and of these,
relatively few used validated tools designed for this purpose. Our data
indicate that while physiotherapists are including aspects of falls risk
assessment and falls prevention within OA care, the approaches taken
are not always evidence-informed. To improve clinician conﬁdence and
practice in this area, there is a pressing need for clinician-directed falls
prevention educational resources that are relevant to OA populations.
Consumer perspective: Interviews were conducted with 20 participants
(18 women, 2 men; mean age 66 years), of whom 10 had fallen within
the previous 12 months. Key themes to emerge from the interviews
were: 1) falling was not perceived to be associated with OA, rather falls
were considered to be an inevitable consequence of keeping active; 2)
knowledge about falls prevention programs was limited; and 3) the
term ‘falls prevention’ was commonly perceived to be negative, stigmatising and only applicable to people who were ‘old and frail’. These
ﬁndings indicate that changes to the language used to describe falls and
falls prevention activities are required. In particular, the term ‘falls
prevention’ does not appeal to people with OA and the use of positive
health messaging is likely needed to raise awareness of falls risk and
facilitate the uptake of falls prevention activities.
Conclusions: This mixed-methods research program sought to address
an important ‘evidence-practice gap’ through the evaluation of largescale cohort data on falls risk factors, examination of current falls prevention practice in OA care, and the exploration of perceived barriers
and enablers to participation in falls prevention activities. The data
generated have guided the development of targeted resources for
clinicians and consumers, and the development of online falls prevention training modules to upskill clinicians who provide OA care. We
will also be co-designing, together with people who have OA, a tailored
and person-centred falls prevention program (‘Be Your Best’) that
facilitates behaviour change to raise falls awareness and minimise falls
risk.
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PRESENTATION NUMBER: 56
FOOTWEAR
FOR
SELF-MANAGING
KNEE
OSTEOARTHRITIS
SYMPTOMS: THE FOOTSTEP RANDOMIZED CONTROLLED TRIAL
K.L Paterson 1, K.L. Bennell 1, P.K. Campbell 1, B.R. Metcalf 1, J. Kasza 2,
T.W. Wrigley 1, R.S. Hinman 1. 1 The Univ. of Melbourne, Carlton, Australia;
2
Monash Univ., Melbourne, Australia
Purpose: Self-management strategies, exercise and weight control, are
core treatment recommendations for people with knee osteoarthritis
(OA). Biomechanical interventions such as “appropriate” footwear are
included as a key self-management strategy in international OA
guidelines due to the important role excessive knee joint loading plays
in knee OA onset and progression. However, there is limited evidence to
guide clinicians and patients on which footwear is best for knee OA.
International guidelines advise shoes with shock absorbing properties
and arch support features for knee OA patients. These recommendations are based on expert opinion alone because no research has
investigated the effectiveness of these “stable supportive” shoe styles
on knee OA symptoms. More recently however, biomechanical studies
have shown that walking in ﬂatter and more ﬂexible shoes leads to
lower knee joint loads compared to walking in stable supportive styles.
Importantly, preliminary research also suggests that these “ﬂat ﬂexible”
shoe styles may be beneﬁcial for knee OA symptoms. In addition,
international rheumatology organizations have called for research in
OA patient subgroups most likely to beneﬁt from biomechanical interventions such as footwear. Our previous moderator research has shown
that patients with moderate to severe radiographic medial knee OA are
the patient subgroup most likely to respond to footwear designed to
reduce knee joint loading. To date, no clinical trial has investigated any
footwear styles in a biomechanical subgroup. Therefore, the aim of this
randomized controlled trial (RCT) was to compare the effects of ﬂat
ﬂexible to stable supportive shoes on knee OA symptoms in people with
symptomatic moderate-severe radiographic medial knee OA. We
hypothesized that ﬂat ﬂexible shoes would lead to greater improvements in walking pain and physical function, compared to stable supportive shoes, when worn daily over six months.
Methods: The Footstep trial was a double-blind, pragmatic, superiority
RCT conducted in Melbourne, Australia. It was prospectively registered
by the Australian New Zealand Clinical Trials Registry
(ACTRN12617001098325) and recruitment was completed on the 26th
of November 2019. We recruited participants from the community aged
50 years and over who reported knee pain on most days of the past
month, had average walking pain of at least 4 on an 11-point numerical
rating scale (NRS), and who demonstrated a tibiofemoral osteophyte(s)
and Kellgren & Lawrence grade 3 (moderate) or 4 (severe) tibiofemoral
OA on x-ray. Participants were excluded if they had knee pain for at
least 3 months; demonstrated lateral joint space narrowing greater
than or equal to medial; had recent knee surgery (past 6 months) or
were planning surgery in next 6 months; were using shoe orthoses,
customized shoes or ankle braces; or if they self-reported any systemic
or inﬂammatory joint disease. We selected three commercially-available ﬂat ﬂexible shoes and three stable supportive shoes, classiﬁed
based on previously validated differences in shoe heel height/thickness,
pitch, arch support/motion control features, sole ﬂexibility and weight.
Following randomization, participants were able to choose two pairs of
shoes from the three options available in their allocated group. Limited
disclosure was used to blind participants, and as outcomes were selfreported, this study was also assessor-blinded. Participants were
advised to wear their allocated shoes for at least 6 hours/day for 6
months. Baseline outcomes were assessed at our University and ﬁnal
assessments were completed at home. Co-primary outcomes were the
self-reported 6-month change in walking pain and physical function.
Walking pain over the previous week was assessed using an 11-point
NRS (terminal descriptors of 0 (no pain) to 10 (worst pain possible)).
Physical function over the previous week was assessed using the
function subscale of the Western Ontario and McMaster Universities
Osteoarthritis Index (scored from 0 (no dysfunction) to 68 (maximum
dysfunction)). Secondary outcomes were self-reported and included
Knee Injury and Osteoarthritis Outcome Score subscales, pain at seven
other lower limb sites, health-related quality of life and physical
activity. Other measures included participant descriptive characteristics, measures of adherence and adverse events. Analyses were
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performed using intention to treat. Between-group differences in mean
change in continuous outcomes were assessed using linear regression
modelling adjusted for baseline scores and radiographic severity. Logbinomial regression was used to compare between-group differences in
categorical variables.
Results: From 164 (82 per group) participants randomized at baseline,
161 completed primary outcomes at 6 months (98%; n¼81 allocated ﬂat
ﬂexible shoes and n¼80 stable supportive shoes). The mean (SD) age of
participants was 64.8 (7.3) years, 61.6% were female and the average
(SD) BMI was 33.1 (6.2) kg/m2. Adherence to allocated shoes was
excellent, with a mean (SD) daily shoe wear of 8.2 (3.3) and 8.5 (2.6)
hours for ﬂat ﬂexible shoes and stable supportive shoes respectively.
The mean change in outcomes over 6 months within and between
groups is presented in Table 1. Flat ﬂexible shoes were not superior to
stable supportive shoes on any primary or secondary outcome. However, there was a statistically signiﬁcant difference between groups in
change in NRS walking pain that favored stable supportive shoes (mean
change 1.1 units, 95% CI 0.5 to 1.8; p¼0.001), but no difference in change
in function (2.3 units, -0.9 to 5.5; p¼0.167). Furthermore, 46 (58%)
participants in the stable supportive group achieved the minimal clinically important difference (MCID) in pain, compared to 32 (40%) in the
ﬂat ﬂexible group (relative risk 1.56, 1.05 to 2.02) (Figure 1). Stable
supportive shoes also resulted in statistically signiﬁcant improvements
in knee-related quality of life (-5.3, -10.0 to -0.5) and ipsilateral hip pain
(0.7, 0.0 to 1.4) compared to ﬂat ﬂexible shoes. Finally, fewer adverse
events were reported by participants allocated to stable supportive
shoes (n¼12, 15%) compared to those allocated ﬂat ﬂexible shoes (n¼26,
32%) (Figure 1), with the relative risk of an adverse event in the stable
supportive compared to ﬂat ﬂexible group of 0.46 (0.25 to 0.84).
Conclusions: Results of this RCT did not support the hypothesis that ﬂat
ﬂexible shoes are superior to stable supportive shoes for knee OA
symptoms. In contrast, we found that 6 months wear of stable supportive shoes resulted in greater improvements in walking pain compared to ﬂat ﬂexible shoes. Furthermore, a greater proportion of
participants allocated to stable supportive shoes achieved the MCID in
walking pain compared to those allocated to ﬂat ﬂexible shoes. Findings
from the Footstep RCT are the ﬁrst to show that stable supportive shoes
may be an inexpensive, low burden self-management strategy to
improve pain associated with knee OA. This trial provides the ﬁrst-ever
evidence to support expert opinion in clinical guidelines that advise
knee OA patients to wear stable supportive shoes.

PRESENTATION NUMBER: 57
COST-UTILITY ANALYSIS OF A CLUSTER RANDOMIZED CONTROLLED
TRIAL IMPLEMENTING A STRUCTURED OSTEOARTHRITIS MODEL IN
PRIMARY HEALTHCARE
N. Østerås 1, E. Aas 2, T. Moseng 1, L. van Bodegom-Vos 3, K. Dziedzic 4,
B. Natvig 2, J. Røtterud 5, T. Vliet Vlieland 3, K. Hagen 1. 1 Diakonhjemmet
Hosp., Oslo, Norway; 2 Univ. of Oslo, Oslo, Norway; 3 Leiden Univ. Med. Ctr.,
Leiden, Netherlands; 4 Keele Univ., Keele, United Kingdom; 5 Akershus Univ.
Hosp., Lørenskog, Norway
Purpose: To improve quality of care for patients with hip and knee
osteoarthritis (OA), a structured model for integrated OA care was
developed based on international treatment recommendations. A previous analysis of a cluster-randomised controlled trial (cRCT) showed
that compared to usual care, the intervention group reported higher
quality of care and greater satisfaction with care. In addition, more
patients were treated according to international guidelines and fulﬁlled
recommendations for physical activity in the intervention group at the
six-month follow-up. The purpose of this study was to assess the costutility of the structured model for OA care in patients with hip or knee
OA.
Methods: A cRCT with stepped-wedge cohort design was conducted in
six Norwegian neighbouring municipalities (clusters) between January
2015 and October 2017. The OA care model was implemented in one
municipality at the time by switching from “usual care” to the structured model. The implementation of the model was facilitated by
interactive workshops for general practitioners (GPs) and physiotherapists (PTs) with an update on OA treatment recommendations.
The GPs were instructed to explain the OA diagnosis and treatment
alternatives, provide pharmacological treatment when appropriate, and
suggest referral to physiotherapy. The PT-led patient OA education
programme was group-based and lasted 3 hours. This was followed by
an 8-12-week individually tailored resistance exercise programme with
twice weekly 1-hour supervised group sessions (5-10 patients per PT).
An optional 10-hours Healthy Eating Program was also available. Patient
participants included people aged 45 years and over with symptomatic
hip or knee OA.Costs were measured from the healthcare perspective
and were collected from several sources. The patients self-reported
visits in primary healthcare at 3, 6, 9 and 12 months. Data on visits and
surgical procedures in secondary healthcare were extracted from the
Norwegian Patient Register. The health outcome, quality-adjusted lifeyear (QALY), was estimated based on the EuroQol 5 Dimension (EQ-5D5L) scores at baseline, 3, 6, 9 and 12 months. The result of the cost-utility
analysis was reported using the incremental cost-effectiveness ratio
(ICER), deﬁned as the incremental costs relative to incremental QALYs
(QALYs gained). Based on Norwegian guidelines, the threshold is
€27500. Sensitivity analyses were performed using bootstrapping to
assess the robustness of the reported Results and presented in a costeffectiveness plane (Fig. 1).
Results: The mean age of the 393 included patients was 63 years (SD
9.6) and 74% (n¼279) were women. Among these, 109 patients were
recruited during the control periods (control group), and 284 patients
were recruited during interventions periods (intervention group). Only
the intervention group had a signiﬁcant increase in EQ-5D-5L utility
scores from baseline to 12 months follow-up (mean change 0.03; 95% CI
0.01, 0.05). The QALYs gained was 0.02 (95% CI -0.08, 0.12) after 12
months. The structured OA model had a cost of approximately €301 per
patient with an additional cost of €50 for the Healthy Eating Program.
Total 12 months healthcare cost of per patient was €1281 in the intervention group and €3147 in the control group, resulting in an incremental cost of to -€1866 (95% CI -3147, -584) per patient. Costs related
to surgical procedures in secondary healthcare had the largest impact
on total healthcare costs in both groups. During the 12-months followup period, only 5% (n¼14) in the intervention group compared to 12%
(n¼13) in the control group underwent knee or hip joint surgery;
resulting in a mean surgical procedure cost of €553 per patient in the
intervention group compared to €1624 per patient in the control group.
The ICER was -€93300, which indicates that the OA model resulted in
QALYs gained and cost-savings. At a threshold of €27500, it is 99% likely
that the OA care model is a cost-effective alternative.
Conclusions: The Results of the cost-utility analysis shows that
implementing a structured model for OA care in primary healthcare is
highly likely a cost-effective alternative compared to usual care for
people with hip and knee OA. More studies with cost-utility analysis are
needed to conﬁrm this ﬁnding, but this study results indicate that we
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should pay more focus on implementing structured OA care models in
primary healthcare as this may be beneﬁcial for the individual as well as
for the society.
PRESENTATION NUMBER: 58
NON HEALTHCARE EXERCISE PROFESSIONAL LED EXERCISE FOR
OSTEOARTHRITIS - A COCHRANE REVIEW
E.L Healey 1, J.L. Jordan 1, O.O. Babatunde 1, N.E. Walsh 2. 1 Keele Univ.,
Newcastle-under-Lyme, United Kingdom; 2 Univ. of the West of England,
Bristol, United Kingdom
Purpose: Osteoarthritis (OA) is a leading cause of disability with an
estimated 300 million individuals worldwide living with the condition.
Evidence-based guidelines recommend exercise as a core treatment to
reduce pain and increase function. Traditionally, exercise interventions
for OA are delivered within a healthcare environment by physiotherapists following referral from primary or secondary care. Healthcare professionals such as physiotherapists are ideally placed and
appropriately skilled to provide exercise advice, however timely access
to National Health Service (NHS) treatment is a signiﬁcant problem in
the face of increasing referrals and inadequate resources. As such, a
strategic healthcare and public health approach to the long-term
management of OA is required to ensure appropriate access to effective
exercise interventions is received. Community based Exercise Referral
Schemes (ERS) located within leisure centres are available, but rarely
evaluated to determine short or long-term efﬁcacy. A review of ERS for a
number of conditions (including obesity, cardiovascular disease, diabetes and mental health) where referral came from a healthcare professional, suggested inconclusive evidence regarding clinical and costeffectiveness in the short-term and no evidence to support long-term
changes to physical activity. Although outcomes of community based
trials in OA are available, the effects of this type of intervention remain
uncertain, and an accumulation of the evidence would inform future
service planning and provision. The aim of this systematic review was
to assess the beneﬁts and harms of community based exercise programmes for OA led by non-healthcare exercise professionals (e.g.
trained exercise instructor), compared to those delivered by healthcare
professionals, self-management interventions, home-based programmes or continued general practitioner (GP) care.
Methods: A comprehensive systematic review and narrative synthesis
of existing literature was conducted using multiple electronic databases
(e.g. MEDLINE, EMBASE). Inclusion criteria for study designs were
randomised controlled trials or controlled clinical trials, which included
adults with a mean age over 45 years old with a clinical or radiographic
diagnosis of lower limb OA, and tested an exercise programme, delivered to groups or individuals in the community and supervised by a
non-healthcare exercise professional. The primary outcomes of interest
were pain and function; secondary outcomes included physical activity
levels, quality of life, long-term engagement and cost effectiveness. Two
reviewers independently screened the full texts retrieved, checked data
extraction and carried out quality assessment.
Results: Titles (16,189) and abstracts (1,627) were screened for eligibility. Of the 409 full text assessed, 20 studies were deemed eligible for
the review. Study quality and risk of bias was variable and often unclear
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according to the CASP appraisal tool and the Cochrane risk of bias. Most
notable were issues associated with randomisation and blinding. Other
issues identiﬁed that may have impeded study quality included small
sample sizes (ranging from 24 to 316), poor reporting on data management and high attrition amongst exercise participants. The majority
of studies were conducted within the US (n¼11). All studies were
community based and compared the effectiveness of different exercise
interventions, for example aerobic exercise versus strengthening exercise, educational interventions; or no intervention controls. The interventions included activities that were categorised as dynamic weight
bearing low force (n¼10), non-weight bearing low force (n¼3), a
combination of activities (n¼6), and non-weight bearing high force
(n¼1). 14 studies used generic exercise instructors; 6 studies employed
the skills of specialist exercise instructor (e.g. Yoga, TaiChi); and one
included a trained Arthritis Foundation leader. Compared to educational interventions or no intervention controls, community based
exercise for OA led by non-healthcare professionals demonstrated signiﬁcant improvement in pain, function and quality of life outcomes. Of
those studies that explicitly reported information on adverse events
(n¼14), these were on the whole minor and related to pain and soreness
following exercise.
Conclusions: To our knowledge this is the ﬁrst systematic review to
examine and demonstrate the effectiveness of exercise interventions
led by community-based, non-healthcare professionals for lower-limb
osteoarthritis. It is hoped that the evidence from this review could
inform future service planning and provision. Priorities for future
research should be to help strengthen the argument that non-healthcare exercise professionals can provide community based exercise
effectively and safely for lower-limb OA. Making the direct comparison
of healthcare professional versus non-healthcare professional exercise
provision would be one way for future studies to examine this further.
PRESENTATION NUMBER: 59
ASSOCIATION OF PAIN INTENSITY AND PATTERNS WITH RESPONSE
TO EXERCISE IN KNEE OSTEOARTHRITIS
S. Lee 1, T. Neogi 2, D. Kumar 1, 2. 1 Boston Univ., Boston, MA, USA; 2 Boston
Univ. Sch. of Med., Boston, MA, USA
Purpose: While exercise is recommended as the ﬁrst-line intervention
for people with chronic knee pain due to osteoarthritis (OA), a signiﬁcant proportion of individuals do not respond to exercise interventions and may even report more pain. A normal response to a bout of
exercise is characterized by reductions in pain and pain threshold, a
phenomenon known as exercise induced hypoalgesia (EIH). Some
individuals with chronic pain show an impaired EIH response immediately after exercise which may contribute to non-response after
exercise interventions. Understanding clinical characteristics that may
help identify people with knee OA who may have impaired EIH could
guide personalized interventions. Whether the intensity and pattern of
knee pain is associated with an impaired EIH response in people with
knee OA is not known. The objective of this study was to determine the
relation of knee pain intensity and pattern, i.e. intermittent or constant
pain, with the presence of impaired EIH in people with knee OA.
Methods: Individuals with symptomatic knee OA were recruited for
this study. Pain intensity was assessed using a numeric pain rating scale
(0-10 NRS) 2-weeks apart and the mean of the two ratings was used in
the analysis. The Intermittent and Constant OA pain (ICOAP) questionnaire was used to calculate a total, intermittent, and constant pain
scores. Participants performed a series of exercises that included three
maximal isometric contractions of knee extensors and ﬂexors each and
two isokinetic ﬂexion-extension trials at 60 /s and 120 /s, each with
ﬁve repetitions. Three trials of pressure pain threshold (PPT) was
assessed at the patella of the symptomatic knee (n¼25) and dorsal
aspect of left wrist (n¼26) before and after the exercise and the mean of
the last two trials at each timepoint was used in the analyses (Fig. 1). An
increase in PPT after exercise is considered a normal EIH response; EIH
was considered to be impaired if the ratio of the post- and pre-exercise
PPT was less than one. We use separate logistic regression models to
assess the association of NRS, total, intermittent, and constant ICOAP
scores with presence of impaired EIH, adjusting for age, sex, and BMI.
Results: In this cohort, 36% and 46% had impaired EIH at the knee and
wrist, respectively (Table 1). Differences in NRS and ICOAP scores by
presence of impaired EIH are shown in Fig. 2. One unit higher NRS was
associated with 57% and 63% greater odds of impaired EIH at knee
(n¼25) and wrist (n¼26), respectively (Table 2). One-unit higher
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y

Age, years*
Female, n (%)
BMI, kg/m2*
NRS*
Total ICOAP*x
Constant ICOAP*x
Intermittent ICOAP*x
Impaired, n/Total, n (%)

z

EIH at knee (n¼25)

EIH at wrist (n¼26)

65.04 (6.56)
19 (76.00)
28.69 (4.06)
4.28 (2.50)
28.41 (14.71)
28.2 (21.83)
38.17 (15.10)
9/25 (36%)

64.90 (6.47)
20 (76.92)
28.54 (4.05)
4.31 (2.45)
39.65 (21.45)
28.46 (21.44)
38.62 (14.98)
12/26 (46%)

*Mean ± SDyCharacteristics for participants who completed EIH at the knee.‡Characteristics for participants who completed EIH at the wrist.§Total ICOAP ¼
(Total pain score / 44) x 100; Constant ICOAP ¼ (Total constant pain score /20) x
100; Intermittent ICOAP ¼ (Total intermittent pain score /24) x 100. The constant
pain is deﬁned as “pain that is there all the time, although it may vary in intensity”,
and the intermittent pain was deﬁned as “pain that is not there all the time”.

Table1

Participant characteristics

NRSy
Total ICOAPy
Intermittent ICOAPy
Constant ICOAPy

Osteoarthritis
andCartilage

OR* (95% CI) forEIH
at knee (n¼25)

OR* (95% CI) forEIH
at wrist (n¼26)

1.57
1.03
1.53
1.02

1.63
1.03
1.13
1.03

(1.05-2.64)
(0.97-1.10)
(1.10-2.43)
(0.97-1.07)

(1.09-2.80)
(0.97-1.10)
(0.87-1.52)
(0.98-1.10)

*Odds ratio (OR)yEach model was adjusted for age, sex, and BMI.

Table 2

Results from logistic regression
analysis on association of NRS
and ICOAP scores with the
presence of impaired EIH at
knee and wrist joint.

Osteoarthritis
andCartilage

intermittent ICOAP score was associated with 53% greater odds of
impaired EIH at the knee (Table 2). Total and constant ICOAP scores
were not associated with impaired EIH at the wrist or knee.
Conclusions: Our Results suggest that a substantial proportion of
people with knee OA have an impaired EIH response. We also observed
that greater knee pain intensity and intermittent pain patterns were
associated with greater odds of having impaired EIH in people with
knee OA. Both greater knee pain intensity and having intermittent pain
may interfere with the ability to participate in exercise, limiting the EIH
response. Further work is needed to understand the mechanisms
underlying the associations of pain intensity and patterns with
impaired EIH in people with knee OA.
PRESENTATION NUMBER: 60
LINKING PHYSICAL ACTIVITY WITH KNEE OSTEOARTHRITIS
OUTCOMES: AN EVIDENCE MAP USING THE OSTEOARTHRITIS
INITIATIVE
A.R. Budarick, R.F. Moyer. Dalhousie Univ., Halifax, NS, Canada
Purpose: Physical activity is consistently recommended across clinical
practice guidelines for managing knee osteoarthritis (OA), yet prescription rates are low. The clinical and functional beneﬁts of physical
activity on knee OA outcomes are well documented, but the perceived
fear that physical activity may negatively inﬂuence patient-reported
symptoms or structural knee OA outcomes is frequently described by
patients and health care providers. Knee OA is a complex multifactorial
disease, and the concurrent effect of physical activity on interconnected
aspects of the disease process requires further investigation. Evidence
mapping uses a systematic approach to visually illustrate and summarize published evidence, highlight gaps in the literature, and formulate
research questions. The purpose of this study was to review and summarize evidence from the Osteoarthritis Initiative (OAI) linking physical
activity with clinical, functional, and structural knee OA outcomes. The
ﬁrst objective was to create an evidence map of published literature
investigating the effects of physical activity on knee OA outcomes using
the OAI. The OAI cohort study was selected to facilitate the examination
of interconnected relationships within a complex disease process by
representing one large clinical cohort, which has been used to extensively investigate links between physical activity and various knee OA
outcomes. The second objective was to examine the variability among
relationships within evidence maps and between physical activity
outcomes. The third objective was to use the evidence maps to identify
gaps within the literature as a framework to guide future investigations.
Methods: Evidence mapping was completed following the framework
presented by the Global Evidence Mapping (GEM) Initiative. Electronic
databases were searched from inception to January 2020. Studies
including subjective (Physical Activity Scale for the Elderly, PASE) or
objective (accelerometry) physical activity data as the primary outcome
from the OAI were included. An inclusive search design was used to
examine all available literature rather than target speciﬁc outcomes.
After all studies were screened and selected, variables associated with
increased physical activity were grouped into categories including
clinical, functional, and structural outcomes. Clinical outcomes included
physical measures (body mass index and waist circumference), disability score, quality of life, pain, diet, sleep, and strength. Functional
outcomes included 20-m walk pace, chair stand test, and 400-m walk
pace. Structural outcomes included disease incidence (change in
Kellgren-Lawrence grade to 2 or greater), quantitative imaging measures (T2 relaxation time, medial tibiofemoral cartilage thickness), semiquantitative imaging measures (Whole-Organ Magnetic Resonance
Imaging Score and Magnetic Resonance Imaging Osteoarthritis Knee
Score), joint space narrowing, and change in physical activity levels
following total knee arthroplasty (TKA). Scatter plots were created to
represent each outcome group (clinical, functional, structural) and
physical activity measure (PASE, accelerometry) to visualize, report, and
summarize the evidence. Study outcomes are presented by their
directional effect (positive, mixed/no effect, or negative) associated
with increased physical activity intensity or duration.
Results: Forty-seven articles were included in the evidence maps.
Across studies, physical activity was quantiﬁed using accelerometry
(n¼27, 58%) or PASE (n¼19, 40%) alone, and one study (2%) reported
both accelerometry and PASE outcomes. Studies reported on clinical
(n¼17), functional (n¼16), and structural outcomes (n¼17), and several
studies reported measures from multiple outcome groups (n¼7, 15% of
all included studies). Clinical outcomes, including improved physical
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measures (n¼7), lower disability score (n¼5), increased quality of life
(n¼8), increased strength (n¼1), improved diet (n¼1), and increased
sleep (n¼2) were consistently associated with increased subjective and
objective physical activity intensity and duration. Pain was the only
clinical outcome that studies reported both positive effects (n¼3) and
mixed or no effect (n¼4) of physical activity. Most studies reporting
functional outcomes reported positive effects for 20-m walk pace
(n¼14), chair-stand test (n¼9), and 400-m walk pace (n¼2). The
remainder of the functional studies reported mixed evidence or no
effect for 20-m walk pace (n¼2) and chair-stand test (n¼1). The association between physical activity and structural changes were substantially less consistent. Studies reported mixed evidence or no effect
of physical activity on disease incidence (n¼4), cartilage thickness
(n¼2), and joint space narrowing (n¼3). Outcome measures were
reported as mixed evidence or no effect (n¼2) and negative effects
(n¼2) for both T2 relaxation time and semi-quantitative measures.
Finally, associations between TKA and physical activity were reported as
positive effects (n¼1), mixed or no effect (n¼3), and negative effects
(n¼1), showing the largest variability across one measure.
Conclusions: This study provides an overview of current evidence
linking physical activity to multiple interrelated knee OA outcomes
within a large clinical cohort. Evidence mapping within the OAI suggests consistent positive associations between physical activity and
clinical and functional improvements in individuals with knee OA.
However, associations between physical activity and structural components of the disease were reported as mixed evidence or no effect.
Variability in relationships resulted when studies reported different
measures for the same outcome, physical activity characteristics, and
patient sub-populations derived from the OAI cohort. Overall, trends
were consistent between subjective and objective measures of physical
activity for all outcome groups. The trends illustrated in the evidence
maps can be used in physical activity messaging for individuals with
knee OA by promoting improved clinical and functional outcomes and
no change in structural outcomes.
PRESENTATION NUMBER: 61
AUTOMATED MORPHOLOGICAL PHENOTYPING TO CHARACTERIZE
KNEE OSTEOARTHRITIS PROGRESSION
N.K. Namiri, J. Lee, B. Astuto, F. Liu, R. Shah, S. Majumdar, V. Pedoia.
Dept. of Radiology and BioMed. Imaging and Ctr. for Intelligent Imaging,
Univ. of California, San Francisco, CA, USA
Purpose: Osteoarthritis (OA) is known to develop through a multitude
of pathophysiologic pathways, a primary reason there are not yet any
available regulatory agency approved disease modifying OA drugs
(DMOADs) to date. Several studies have recruited large numbers of
participants and collected magnetic resonance imaging (MRI) to
investigate heterogenous mechanisms of OA development and classify
structural phenotypes. Despite its important role in quantifying tissuespeciﬁc biomarkers and visualizing morphological changes, MRI is
underutilized due to the subsequent time and expense of manually
evaluating images for parameters of interest. Rapid OsteoArthritis MRI
Eligibility Score (ROAMES) was introduced to stratify knees into morphological phenotypes representative of underlying pathophysiologic
changes and simplify OA grading with MRI for large-scale screening. A
small pilot study demonstrated a potential correlation with these
phenotypes and OA progression. Although promising, larger cohort
studies with MRI assessment are needed to afﬁrm the prognostic value
of morphological phenotypes in predicting future OA incidence. Previous groups have circumvented issues of mass radiologic annotation by
using artiﬁcial intelligence, which has provided high sensitivity and
speciﬁcity in classifying knee structures, such as anterior cruciate ligament, meniscus, and cartilage, according to validated semi-quantitative grading scales. Our aim was to build a fully automatic end-to-end
deep learning model to stratify knees into pre-deﬁned ROAMES phenotypes and evaluate the prevalence and association of phenotypes
with structural and symptomatic knee OA.
Methods: We obtained knee MRIs collected using 3T scanners (Siemens
Trio, Germany) from participants in the OsteoArthritis Initiative (OAI)
(n¼4,791). We trained convolutional neural networks to classify four
ROAMES knee phenotypes (bone, meniscus/cartilage, inﬂammatory,
hypertrophy) in coronal and sagittal knee MRIs in the entire OAI dataset. The sample size of cases and controls for training, validation, and
testing the neural networks were 532 and 3109, 101 and 3535, 50 and
1906, and 57 and 543 for bone, meniscus/cartilage, inﬂammatory, and
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hypertrophy, respectively. The networks utilized MRNet architecture,
which utilize each slice of the concatenated coronal and sagittal views
as input into an ImageNet pre-trained AlexNet for feature extraction. To
investigate the associations between morphological phenotypes and
knee OA outcomes, the trained neural networks were utilized to predict
morphological phenotypes for the entire cohort’s bilateral knee images
(45,300 knees). To understand the prognosis of each phenotype, we
chose one knee per participant and allowed maximum one phenotype
per each participant. We chose the knee with worse radiographic
severity or a random knee if severity was equal. The predicted morphological phenotypes served as the primary independent variables.
Baseline characteristic differences were assessed between participants
with no phenotype and participants with each of the four morphological phenotypes using Kruskal-Wallis test for continuous variables or
Chi-square test for categorial variables. Benjamini-Hochberg method
was used for P-value adjustment as needed. The primary outcome was
structural OA and symptomatic OA. Structural OA was deﬁned as
Kellgren-Lawrence (KL) radiographic grading scheme greater than 2
(presence of deﬁnite osteophyte). Symptomatic OA was deﬁned as the
presence of pain, aching, or stiffness in knee joint in past 12 months. We
investigated the association between baseline morphological phenotypes and current structural and symptomatic OA among all participants using logistic regression. In a longitudinal model, we evaluated
the association of baseline morphological phenotypes with incidence of
structural OA and symptomatic OA in 48 months among participants
without OA at baseline using mixed effects logistic regression analyses
to account for multiple observation by participants. We additionally
assessed the association between phenotypes and undergoing a primary total knee replacement (TKR) after baseline and prior to the 96month visit using logistic regression. Both cross-sectional and longitudinal model were adjusted for baseline characteristics including age,
sex, race, and body mass index (BMI).
Results: The area under the curve of bone, meniscus/cartilage, inﬂammatory, and hypertrophy convolutional neural network classiﬁers was
0.89±0.01, 0.94±0.01, 0.97±0.01, and 0.94±0.02, respectively. The
overall accuracy of each classiﬁer was 81±1% (590/727), 85±1% (616/
726), 91±1% (356/390), and 90±3% (106/118), respectively. Sensitivities
of the neural networks were 85±4% (90/106), 95±5% (19/20), 90±11%
(9/10), and 91±9% (10/11), respectively; speciﬁcities were 81±2% (500/
621), 85±1% (597/706), 91±1% (347/380), and 90±3% (96/107), respectively. The ﬁnal cohort included 4,198 unique knees. At baseline, the
cohort contained 1,111 (26.5%) bone phenotype, 252 (6.0%) meniscus/
cartilage phenotype, 34 (0.8%) inﬂammatory phenotype, 31 (0.7%)
hypertrophy phenotype, and 2,770 (66%) no phenotype (Table 1). Those
in all four phenotype groups signiﬁcantly differed from participants in
no phenotype group in baseline KL grades and Knee Injury and Osteoarthritis Outcome Score (KOOS) pain scores. The distributions of age and
sex were similar in all phenotype groups, except meniscus/cartilage,
compared to no phenotype group. BMI differed signiﬁcantly in all
phenotype groups, except inﬂammatory, in comparison to no phenotype group. The proportions of participants who had structural OA and
symptomatic OA at baseline were 52.9 % and 36.9%, respectively. In
adjusted logistic regression analyses, participants at baseline in bone
(OR 4.54; 95% CI, 3.86 - 5.35), meniscus/cartilage (OR 16.40; 95% CI,
10.20 - 26.20), inﬂammatory (OR 10.50; 95% CI, 3.66 - 30.3), and
hypertrophy (OR 8.27; 95% CI, 2.45 - 27.90) phenotype groups had
signiﬁcantly more structural OA than those in no phenotype group
(Table 2). Symptomatic OA was signiﬁcantly higher among participants
in bone (OR 2.47; 95% CI, 2.13 - 2.87), meniscus/cartilage (OR 3.05; 95%
CI, 2.33 - 3.99), and inﬂammatory (OR 2.22; 95% CI, 1.11 - 4.43) phenotype group than those in no phenotype group. Among participants
without OA at baseline, we examined the associations between morphological phenotypes and incidence of structural OA and symptomatic
OA in 48 months. A total of 1,517 participants were assessed at both
baseline and 48 months. We only considered bone and meniscus/cartilage phenotypes in subsequent analyses because the number of
baseline knees with inﬂammatory and hypertrophy phenotypes who
acquired structural OA at 48 months were 3 and 2, respectively. Participants in both bone (OR 2.53; 95% CI, 1.67 - 3.81) and meniscus/cartilage phenotypes (OR 6.00; 95% CI, 1.98 - 18.2) had signiﬁcantly higher
adjusted odds of developing OA in 48 months compared to no phenotype (Table 3a). Among those without symptomatic OA at baseline, bone
(OR 2.50; 95% CI: 1.90 - 3.28) and meniscus/cartilage (OR 2.21; 95% CI:
1.31 - 3.71) phenotypes possessed signiﬁcantly higher odds of developing symptomatic OA in 48 months. In logistic regression analysis
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unadjusted for baseline KL grade, all four phenotypes were associated
with signiﬁcantly increased odds of undergoing TKR within 96 months
(Table 3b). After adjustment for baseline KL grades and presence of pain,
aching, and stiffness in knee joint at baseline, bone remained the only

phenotype to signiﬁcantly increase odds of undergoing TKR within 96
months (OR 2.97; 95% CI: 2.09 - 4.21).
Conclusions: Deep learning can rapidly stratify knees into structural
phenotypes in a large, longitudinal cohort with knee OA. The study
underscores the prognostic value of structural phenotypes for characterizing knee OA progression. These ﬁndings hold implications for
improving understanding of OA pathogenesis, which may guide inclusion criteria of DMOAD trials towards MRI-based structural phenotypes.
This may improve effectiveness of DMOADs by using individual knee
phenotypes to offer patient-speciﬁc treatment. Future research can
survey individual DMOAD trials to analyze whether speciﬁc subgroups
of structural phenotypes received increased therapeutic beneﬁts.
PRESENTATION NUMBER: 62
ASSOCIATIONS
OF
BONE
MARROW
LESIONS
RELATED
SUBCHONDRAL OSTEOCLASTOGENESIS AND NEUROGENESIS WITH
CLINICAL SYMPTOMS IN KNEE OSTEOARTHRITIS
F. Zhou, Z. Yu. Shanghai Ninth People's Hosp.,Shanghai Jiao Tong Univ. Sch.
of Med., Shanghai, China
Purpose: To evaluate the associations of bone marrow lesions (BMLs)
(including the subtypes) related subchondral osteoclastogenesis and
neurogenesis with clinical symptoms in knee osteoarthritis (OA)
patients, and to ﬁgure out how subchondral cyst-like lesions caused
pain of joint.
Methods: Samples were harvested from 33 symptomatic knee OA
patients who had underwent total knee arthroplasty (TKA). These
patients were separated into three groups based on magnetic resonance
imaging (MRI), including group without BMLs (n¼6), group has BMLs
without cyst-like lesions (n¼19), and group has BMLs combined with
cyst (n¼8). Hematoxylin and eosin (H&E) and O/fast green (S&F)
staining were deployed to show subchondral structure and cartilage
damage. Tartrate resistant acid phosphatase (TRAP) and protein gene
product 9.5 (PGP9.5) staining were applied to detect subchondral
osteoclastogenesis and neurogenesis in various groups. Pearson’s correlation coefﬁcient and linear regression analyses were deployed to
analyze the relationships between BMLs and knee symptoms, and further to assess the associations of subchondral osteoclastogenesis and
neurogenesis with pain of joint.
Results: Patients with BMLs combined with cyst-like lesions exhibited
necrotic bone fragments in the subchondral bone and increased
destruction in the cartilage. Volume of the subchondral cyst-like component itself was signiﬁcantly associated with pain in OA patients
(p<0.05), moreover, it was positively linearly correlated with WOMAC
pain score (r2¼0.5099, p¼0.0466). Subchondral osteoclast density and
neurogenesis were signiﬁcantly increased in group with BMLs combined with cyst compared with the other two groups (p<0.05), and they
were positively associated with pain in patients with BMLs combined
with cyst (p<0.05).
Conclusions: Subchondral cyst was an independent factor for inducing
pain of knee OA patients. Subchondral cyst-like lesions related osteoclastogenesis and neurogenesis could cause pain of joint.
PRESENTATION NUMBER: 63
SUBCHONDRAL BONE NORMALIZATION AFTER
DISTRACTION TREATMENT AS MEASURED WITH CT

KNEE

JOINT

M.P Jansen 1, A. Ooms 1, T.D. Turmezei 2, 3, J.W. MacKay 3, 4,
S.C. Mastbergen 1, F.P. Lafeber 1. 1 Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands; 2 Norfolk & Norwich Univ. Hosp., Norwich, United
Kingdom; 3 Univ. of East Anglia, Norwich, United Kingdom; 4 Univ. of
Cambridge, Cambridge, United Kingdom
Purpose: In addition to cartilage degeneration, knee osteoarthritis (OA)
is known to cause signiﬁcant bone changes. These changes include
thickening of the cortical bone and a decrease in subchondral bone
density, as well as a change in overall bone shape as a result of widening
and ﬂattening of the femoral and tibial condyles and formation of
osteophytes. Knee joint distraction (KJD) is a joint-preserving surgical
treatment for younger (<65 years) knee OA patients that has been
shown to reverse OA cartilage degradation, as radiographs and MRIs
have shown signiﬁcant sustainable cartilage regeneration. On radiographs, one year after treatment KJD showed a decrease in subchondral
bone density and an increase in osteophyte formation. However, these
bone changes have never been evaluated with a 3D imaging technique.
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As such, the purpose of this research was to evaluate cortical bone
thickness, subchondral trabecular bone density, and bone shape on CT
scans before and one year after KJD treatment.
Methods: Patients were included from two randomized controlled
studies (one vs total knee arthroplasty and one vs high tibial osteotomy), in which a subgroup of patients was asked to participate in an
extended imaging protocol that included CT scans. In total 19 KJD
patients were included in this protocol, in which patients underwent a
CT scan before treatment and one year after treatment. Stradview v6.0
was used for semi-automatic segmentation of the tibia and femur from
axial thin-slice (0.45mm) CT scans, from which cortical bone thickness
(mm) and trabecular bone density (Hounsﬁeld units, HU) were measured with an automated algorithm. Osteophytes were excluded from
the segmentation. Afterwards, wxRegSurf v18 was used for surface
registration, and this registration data was used for bone shape measurements. MATLAB R2020a and the SurfStat MATLAB package were
used for data analysis and visualization. Two-tailed F-tests were used to
calculate changes over time against a null hypothesis of no change. Two
separate linear regression models were used to show the inﬂuence of
baseline Kellgren-Lawrence grade and sex on the changes over time.
Statistical signiﬁcance was calculated with statistical parametric mapping; a p-value <0.05 was considered statistically signiﬁcant. Bone
shape changes were explored visually from the 3D models using the
vertex by vertex displacement of the femur and tibia between baseline
and follow-up. Since KJD has previously shown signiﬁcant Results
mostly in the patients’ most affected compartment (MAC), patients
were separated into two groups based on whether their MAC was the
medial or lateral compartment. Only patients with axial CT scans at both
time points available for analysis were included for evaluation.
Results: Two patients did not have axial CT scans at both time points,
one patient could not be analyzed because of metal artefacts around the
joint space area, and in one patient the imaged femur shaft was too
short for analysis, leaving 16 patients for tibial analyses and 15 patients
for femoral analyses. The MAC was predominantly the medial side
(medial MAC n¼14; lateral MAC n¼2). Cortical bone thickness results
for patients with a medial MAC are shown in Fig. 1. For both the femur
and tibia, before treatment the cortical bone was thicker on the medial
side compared to the rest of the joint. One year after treatment, the
medial side cortical thickness decreased, although this decrease of up to
approximately 0.25 mm over the year was not statistically signiﬁcant.
Patients with a lateral MAC showed a similar pattern, mainly showing a
decrease on the lateral side. The trabecular bone density was also higher
before treatment on the most affected side, and a decrease was seen
throughout the entire joint, although statistically signiﬁcant only for
small areas on mostly the medial side where this decrease was up to
approximately 80 HU over the year (Fig. 2). Neither Kellgren-Lawrence
grade nor sex had a statistically signiﬁcant inﬂuence on the changes in
cortical bone thickness or trabecular bone density. However, female
patients and patients with a higher Kellgren-Lawrence grade showed a
somewhat larger decrease in cortical bone thickness. On the other hand,
trabecular density decreased less for patients with a higher KellgrenLawrence grade, and female patients showed a higher density decrease
on the interior medial compartment while male patients showed a
higher decrease on the exterior medial compartment. Lastly, bone
shape analyses showed similar general shape changes for both sides of
the joint and both The femur and tibia: the central areas of both compartments showed an outward change, while the outer ring of both
compartments showed inward changes (Fig. 3).
Conclusions: One year after KJD treatment, cortical bone thickness in
the most affected compartment of the joint showed a partial decrease in
the MAC. Analysis of CT scans with a longer follow-up after treatment
could show whether this normalization continues for a longer period.
Trabecular bone density decreased on both sides of the joint, likely as a
direct result of the bicompartmental unloading. For both subchondral
bone parameters, the values in the MAC became more similar to those
in the LAC, indicating (partial) subchondral bone normalization in the
most affected parts of the joint. The bone shape changes may indicate a
reversal of typical OA changes, since both compartments of the tibia and
femur seemed to become less wide and ﬂat. However, the inward difference that was seen on the outer edges may be a result of osteophyterelated changes as well, since this might have affected the bone segmentation. In conclusion, KJD treatment shows, in addition to clinical
and cartilage changes, subchondral bone normalization in the ﬁrst year
after treatment, and longer follow-up might show whether these
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changes are a temporary result of joint unloading or indicate more
prolonged bone changes.
PRESENTATION NUMBER: 64
CD64 AS MARKER FOR MOLECULAR IMAGING OF SYNOVITIS IN
OSTEOARTHRITIS
I. Di Ceglie 1, N. van Kooten 1, D. Bos 2, P. Jimenez-Royo 3,
M. van den Bosch 1, A. Blom 1, M. Koenders 1, P. Laverman 2,
P. Van Lent 1. 1 Experimental Rheumatology, Radboud Univ. Med. Ctr.,
Nijmegen, Netherlands; 2 Dept. of Radiology and Med. Imaging, Radboud
Univ. Med. Ctr., Nijmegen, Netherlands; 3 Clinical Pharmacology and
Experimental Med., GlaxoSmithKline, Stevenage, United Kingdom
Purpose: Synovitis is found in more than 50% of patients with osteoarthritis and has been shown to be associated with increased cartilage
damage. Synovitis is very heterogeneous and the cellular composition
and the activation state of the cells present can strongly affect its ﬁnal
Results on cartilage damage. Macrophages and especially pro-inﬂammatory M1-like macrophages are thought to be key mediators of the
joint destruction. Traditional anatomical imaging enables the detection
of structural alterations of the joints and the presence of synovitis but
does not allow for the differentiation between the various cell types
present and their activation state. Novel molecular imaging techniques
can strongly help in this respect and allow for a better characterization
of the synovitis and more efﬁcient monitoring of the therapeutic efﬁcacy. CD64 (Fc-g receptor I) is a high afﬁnity receptor for IgG-containing
immune complexes and is able to bind C-reactive protein. CD64 is
mainly expressed on macrophages and particularly on the pro-inﬂammatory M1-like macrophages. Additionally, it has been shown to
mediate joint destruction in experimental arthritis. In the present study
we investigated CD64 as molecular imaging marker to detect the activation state and the potency to cause damage of the synovitis in
osteoarthritis patients.
Methods: Synovial tissue was obtained from OA and end-stage RA
patients who underwent joint replacement surgery. Protein expression
of CD64 in the synovium of OA patients was determined with immunohistochemistry on cryosections. Human macrophages were differentiated from peripheral blood CD14-positive monocytes and CD64
expression monitored with ﬂow cytometry. Gene expression was
measured using RT-PCR. For molecular imaging of CD64, inﬂamed
synovial tissue was subcutaneously implanted in SCID mice (CB-17/lcrPrkdcscid/Rj) and [111In]In-DTPA-IRDye800CW-anti-CD64 or [111In]InDTPA-IRDye800CW isotype control antibodies were injected intravenously and targeting was determined by biodistribution, mSPECT/CT
and IVIS imaging analysis. The human biological samples were sourced
ethically and their research use was in accord with the terms of the
informed consents under an IRB/EC approved protocol. All animal
studies were ethically reviewed and carried out in accordance with
European Directive 2010/63/EEC and the GSK Policy on the Care, Welfare and Treatment of Animals.
Results: CD64 antibody was ﬁrst validated using ﬂow cytometry and
showed that CD64 is highly expressed on the pro-inﬂammatory M1-like
in vitro differentiated human macrophages (differentiated with GM-SCF
and polarized with IFNg/LPS) in contrast to M2-like macrophages
(differentiated with M-SCF and polarized with IL4). Immunohistochemistry showed that CD64 was expressed in inﬂamed synovium of
OA patients. Percentages and localization of CD64-positive cells however varied considerably between patients. While in part of the OA
patients the positive cells were present in the entire synovial area (both
lining and sublining), in the synovium of other patients CD64 expression was stronger in the lining layer. Gene expression of CD64 in OA
synovium (FCGRI gene), positively and signiﬁcantly correlated only to
S100A9 and not to other pro-inﬂammatory factors like IL1B and TNFA.
Previous preclinical studies showed that S100A8/9 are crucial proteins
involved in mediating synovitis and joint destruction in experimental
OA and that these proteins are strong up-regulators of CD64. Moreover,
a signiﬁcant correlation was measured between the gene expression of
CD64 and MMP3 and 9, two MMPs that have been described to be
important in mediating tissue destruction in OA. Subsequently, the
synovium-SCID murine model was used to study the molecular imaging
of CD64. A dual-labelled [111In]In-DTPA-IRDye800CW-anti-CD64 antibody was injected intravenously in SCID mice that were subcutaneously
transplanted with synovium from end-stage RA patients previously, as a
model of robust synovitis. The dual-labelled [111In]In-DTPAIRDye800CW-anti-CD64 antibody showed high uptake in the synovial

transplants of the engrafted SCID mice, and speciﬁcally visualized the
subcutaneous synovial grafts by both uSPECT/CT and IVIS imaging.
Additionally, synovium/blood ratio of the percentage of injected dose
was signiﬁcantly higher for the antiCD64 antibody compared to the
isotype control antibody, conﬁrming the speciﬁcity of the signal
detected.
Conclusions: In conclusion, our data indicates that CD64 is a promising
molecular imaging marker to detect the activation and the potency to
cause damage of the synovitis in osteoarthritis and as such might be
used as a new tool for investigating the effect of novel anti-inﬂammatory treatments.
PRESENTATION NUMBER: 65
MRI-BASED SUBCHONDRAL TRABECULAR BIOMARKERS AND
TIBIOFEMORAL BONE 3D MORPHOLOGY CHANGES: LONGITUDINAL
ANALYSIS FROM OSTEOARTHRITIS INITIATIVE
F. Pishgar 1, A. Ashraf-ganjouei 2, A. Guermazi 3, F.W. Roemer 3,
M. Jarraya 4, S. Demehri 1. 1 Johns Hopkins Univ. Sch. of Med., Baltimore,
MD, USA; 2 Tehran Univ. of Med. Sci., Tehran, Islamic Republic of Iran;
3
Boston Univ. Sch. of Med., Boston, MA; 4 Harvard Med. Sch., Boston,
MA, USA
Purpose: To investigate subchondral trabecular biomarkers obtained
from conventional MRI and their association with tibial and femoral
subchondral bone 3D morphology changes over 24 months, using the
FNIH osteoarthritis (OA) biomarkers consortium.
Methods: Available data of the 600 participants of a nested case-control
study (FNIH osteoarthritis [OA] biomarkers consortium) within the
Osteoarthritis Initiative were obtained from the study database. Available measurements of the bone shape in different subregions of the
knee at baseline, and 24-month visits were also obtained and the corresponding changes were calculated using the Relative Change Index.
Moreover, baseline knee MRI sequences (intermediate-weighted) were
evaluated to measure conventional MRI-derived trabecular thickness
(cTbTh) and bone-to-total ratio (cBV/TV), using an in-house framework.
Associations between these biomarkers and changes of subchondral
bone 3D morphology measurements over 24 months were studied
using logistic regression models, adjusted for age, sex, BMI, and daily
vitamin D use.
Results: The mean age of subjects included in this study was 61.6 (±8.9)
years, and 353 (58.8%) subjects were female. High medial cTbTh and
cBV/TV at baseline were associated with increased odds of changes in
the medial tibial surface area of bone over 24 months (ORs: 1.2 [1.011.44], and 1.44 [1.19-1.77], per 1-SD change, respectively) (Table-1).
Moreover, higher medial cTbTh and cBV/TV at baseline were associated
with increased odds of changes in the medial femoral surface area of
bone over 24 months (ORs: 1.22 [1.02-1.47], and 1.24 [1.03-1.5], per 1-SD
change, respectively). Subchondral trabecular biomarkers were not
associated with changes of bone 3D morphology in the lateral tibial and
femoral subregions.
Conclusions: Subchondral trabecular biomarkers (higher medial cTbTh
and cBV/TV) are associated with higher odds of medial bone surface loss
over time. Our ﬁndings suggest that measuring certain conventional
MRI-based subchondral trabecular biomarkers may have predictive
value for longitudinal prediction of OA associated subchondral bone 3D
morphological changes.

Biomarker Lateral Femoral
Bone OR
(95% CI),
p-value

Lateral Tibial
Bone OR
(95% CI),
p-value

Medial Femoral
Bone OR
(95% CI),
p-value

Medial Tibial
Bone OR
(95% CI),
p-value

Medial
cTbTh
Medial
cBV/TV

1.06(0.87-1.27),
0.562
1.12(0.92-1.36),
0.236

1.22(1.02-1.47),
0.029
1.24(1.03-1.5),
0.025

1.2(1.01-1.44),
0.044
1.44(1.19-1.77),
0.001

1.04(0.87-1.25),
0.638
1.12(0.92-1.35),
0.253

Medial Conventional MRIderived Subchondral Trabecular
Biomarkers and Bone Shape
Changes over 2 Years

Osteoarthritis
andCartilage
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PRESENTATION NUMBER: 66
TRABECULAR BONE TEXTURE ANALYSIS OF CONVENTIONAL
RADIOGRAPHS
FOR
THE
PREDICTION
OF TOTAL KNEE
REPLACEMENT RISK: DATA FROM THE OSTEOARTHRITIS INITIATIVE
COHORT
A. Almhdie-Imjabbar 1, 2, E. Lespessailles 1, 2, H. Toumi 1, 2.
Orleans, Orleans, France; 2 Hosp. of Orleans, Orleans, France

1

Univ. of

Purpose: To examine the ability of trabecular bone texture (TBT)
analysis to predict total knee replacement (TKR) risk in patients with
knee osteoarthritis (KOA): a 9-years prospective follow up study.
Methods: This study used data from the osteoarthritis initiative (OAI)
cohort in patients with or at risk of developing symptomatic knee
osteoarthritis (KOA) in at least one knee. A set of combinations of TBT,
clinical and radiological readings was examined to develop TKR-risk
prediction models in KOA patients over 9 years. As illustrated in Fig. 1,
patients without information on clinical covariates (CCov): sex, age and
Body Mass Index (BMI), and radiological Kellgren-Lawrence (KL) grades,
available at baseline were excluded. Patients with severe radiographic
OA (KL¼4) at baseline were also excluded. In addition, patients with any
type of knee joint replacement reported on at least one knee at baseline
were not included. At follow-up controls, patients with single-compartment prosthesisor or non conﬁrmed TKR were excluded. Cases
were deﬁned as patients with TKR at least on one knee after 12 months.
In this case, for a patient with TKR at both knees, the knee which ﬁrst
underwent TKR was included, the other one was excluded. For a patient
with TKR at one knee, the other knee was excluded. Control patients
were deﬁned as patients who have never underwent a TKR prior to the
108-months follow-up control. In this case, the knee with the most
severe radiographic OA at baseline was excluded. A total of 16 TBT
regions of interest (ROIs) were selected for each radiographic knee,
covering the entire tibial subchondral bone structure, as seen in Fig. 2.
The TBT was characterized using fractal analysis and the fractal
parameters (H) were computed using the Variogram (VAR). Each ROI
was quantiﬁed by the means of 4 TBT variograms corresponding to the
H values computed along the two main loading directions: horizontal
and vertical and for the two scales of observation: mm and mm. As a
result, 64 descriptors were obtained for each image. The Area Under the
receiver operating characteristic Curves (AUCs) were used to evaluate
the global performance of considered models. The diagnostic odds ratio
(DOR) were also computed to measure the effectiveness of the different
models. For useful tests, DOR is greater than one (DOR>1), and higher
diagnostic odds ratios indicate better test performance. In addition, the
model classiﬁcation accuracy (ACC), the probability that a random
example is correctly classiﬁed, were computed to investigate the relevance of different models. An ACC is deﬁned as the ratio of the number
of correct predictions relative to the total number of predictions. All
statistical analyses were performed using the R Statistical tool (version
3.6.3) including the package MASS (Modern Applied Statistics with S)
for stepwise Akaike Information Criterion (AIC) optimization, the
package Caret (Classiﬁcation And REgression Training) for the crossvalidation training and the pROC for ROC curves comparisons, in particular partial Areas Under the Curve (pAUC). The comparison of models’ performances were based on the Receiver Operating Characteristic
(ROC) curves using the Delong method. In order to reduce the number
of parameters before training the prediction models, a backward
selection of the parameters was automatically performed using the AIC
as an iterative criterion. At each iteration, the AIC removes one
parameter and preserves the most efﬁcient parameter(s) to limit
overﬁtting effects.
Results: 4382 knees (58% women , 75% left knee) who met the inclusion
criteria were judged as eligible for this study, in which 375 knees
underwent TKR prior to 108 months. As seen in Fig. 3, the prediction
model based on the combination of TBT parameters and KL grades

achievied an AUC of 0.92, outperforming a reference prediction model
based on KL grades which achieved an AUC of 0.86 (P<0.001).
Conclusions: The proposed model, involving TBT analysis of conventional knee radiographs, improved the capacity of predicting long term
TKR risk in patients with KOA, compared to standard clinical and
radiological based models.
PRESENTATION NUMBER: 67
ASSOCIATION OF MATRIX METALLOPEPTIDASE 9 WITH NEUTROPHIL
ELASTASE IN JOINT INJURY AND OSTEOARTHRITIS PROGRESSION
M.-F Hsueh 1, 2, J.L. Huebner 2, C.A. Jacobs 3, C. Lattermann 4,
K.P. Spindler 5, V.B. Kraus 6, 2. 1 Dept of Orthopaedic Surgery, Duke Univ.,
Durham, NC, USA; 2 Duke Molecular Physiology Inst., Duke Uninversity,
Durham, NC, USA; 3 Univ. of Kentucky, Lexington, KY, USA; 4 Brigham
and Women's Hosp., Boston, MA, USA; 5 Cleveland Clinic, Garﬁeld
Heights, OH, USA; 6 Div. of Rheumatology, Duke Univ., Durham, NC, USA
Purpose: Inﬂammation is increasingly recognized as an essential factor
in the pathogenesis and progression of osteoarthritis (OA). Our previous
study quantifying activated macrophages in knee joints conﬁrmed a
high prevalence (~70-80%) of joint inﬂammation in association with OA.
Importantly, a number of studies have demonstrated that joint
inﬂammation (synovitis) in OA is related to pain and poor function.
Knee injury triggers the acute onset of intraarticular inﬂammation
characterized by a rapid rise in the concentration of inﬂammatory
mediators. On average, 50% of patients with anterior cruciate ligament
(ACL) injury develop chondral defects and radiographic OA within 10
years despite orthopedic reconstruction. Therefore, it is important to
understand the inﬂammatory mediators involved and the potential
mechanisms leading to the development of OA. Our most recent study
evaluated the role of immune cells and their effector cytokines from
matched knee OA synovial ﬂuid (SF) and synovium. We demonstrated
the under-appreciated role of neutrophils and SF elastase in the sterile
inﬂammatory process and progression of OA. In the present study, we
investigated the role of SF matrix metalloproteinase 9 (MMP9) and its
association with neutrophil elastase in two longitudinal clinical
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cohorts; one with acute anterior cruciate ligament (ACL) injury and the
other one with radiographic knee OA.
Methods: The Multicenter Orthopaedic Outcomes Network (MOON) ACLR
cohort: A total of 49 patients were recruited and SF samples were collected at approximately 4 days, 11 days, and 5 weeks (day of surgery)
after injury (group A, B, and C, respectively). In addition to SF samples,
patient-reported outcomes (PROs) were collected including the following: scores from the 5 KOOS subscales (Symptoms, Pain, Activities of
Daily Living (ADL), Sport/Recreation, and Quality of Life (QOL)), with
lower scores representing worse status; the International Knee Documentation Committee (IKDC score) with lower scores representing
worse status; and the Pain Catastrophizing Scale (PCS), with higher
scores representing worse status. The Prediction of Osteoarthritis Progression (POP) Cohort: Baseline SF samples from radiographic knee OA
patients (KL grade 1-3) with three-year follow-up (n¼85) were available. Radiographic features of OA, joint space narrowing (JSN) and
osteophyte (OST) severity, were scored using the Osteoarthritis
Research Society International (OARSI) standardized atlas. SF concentrations of MMP9 and neutrophil elastase were quantiﬁed from these
two cohorts using immunoassays with evaluation of their associations
with the PROs and radiographic data. The analyses were performed
using JMP® Pro 15 (SAS, Cary, NC).
Results: In the ACL injury cohort, concentrations of both MMP9 and
elastase were elevated at a mean of 4 days after injury (Group A: MMP9:
40.68 ng/mL, 95% CI¼16.76-64.60; elastase: 384.87 ng/mL, 95%
CI¼222.48-547.25) compared to 11 days after injury (Group B: MMP9:

7.09 ng/mL, 95% CI¼3.12-11.05; elastase: 32.25 ng/mL, 95% CI¼19.6644.84) and the day of surgery (Group C: MMP9: 10.45 ng/mL, 95%
CI¼5.18-15.73; elastase: 73.25 ng/mL, 95% CI¼30.68-115.82) (oneway
ANOVA: p<0.0001) (Fig. 1A). MMP9 and elastase were strongly correlated; the correlation was apparent for all samples (rs¼0.760, p<0.0001)
(Fig. 1B) and at each time point of the ACL injury cohort (Group A:
rs¼0.820, p<0.0001; Group B: rs¼0.371, p¼0.026; Group C: rs¼0.686,
p<0.0001). Higher SF concentrations of MMP9 and neutrophil elastase
were associated with worse PROs in ACL injury. In the ACL injury cohort,
MMP9 was strongly and negatively associated with 3 KOOS subscales:
Symptoms (r¼0.310, p¼0.002); ADL (rs¼0.350, p¼0.0004); and Pain
(rs¼0.326, p¼0.0009); but not the QOL or Sport/Rec KOOS subscales.
MMP9 also strongly associated with IKDC (rs¼0.657, p¼0.0003), and
PCS score (rs¼0.256, p¼0.032). Neutrophil elastase was also strongly
negatively associated with 3 KOOS subscales: Symptoms (rs¼0.355,
p¼0.0004); ADL (rs¼0.439, p<0.0001); and Pain (rs¼0.331,
p¼0.001); and with the IKDC score (rs ¼0.401, p<0.0001).In the knee
OA POP cohort, baseline SF MMP9 was strongly correlated with baseline
SF neutrophil elastase (rs ¼0.619, p<0.0001) (Fig. 1B). Based on receiver
operating characteristics (ROC) analysis of the knee OA POP cohort data,
MMP9 predicted any OA progression (either OST progression, JSN progression or total knee replacement during a 3-year follow-up interval),
yielding a high area under the curve (AUC) value 0.715 (95% Bootstrap
conﬁdence interval (BCI) 0.587-0.836) (Fig. 1C). Baseline SF elastase
strongly predicted the risk of knee OA progression (AUC 0.744, 95% BCI
0.637-0.843). The combination of MMP9 and elastase yielded a higher
AUC 0.777 (95% BCI 0.652-0.866) (Fig. 1C). The combination of radiographic features (OST and JSN) and MMP9 and elastase improved the
model performance (AUC 0.808, 95% BCI 0.680-0.881) (Fig. 1C) for OA
progression.
Conclusions: This study demonstrates that SF MMP9 and elastase are
strongly correlated in knee OA and knee injury with peak concentrations immediately after joint injury. Higher concentrations of MMP9
and elastase are associated with worse PROs. Baseline SF elastase and
MMP9, singly or combined, strongly predict risk of knee OA progression.
These Results further support the hitherto under-appreciated role of
neutrophils in the sterile inﬂammatory process and progression of OA.
Therapies targeting neutrophils and associated effectors might be used
to attenuate inﬂammation of OA.
PRESENTATION NUMBER: 68
NO ADDED VALUE OF DULOXETINE FOR PATIENTS WITH CHRONIC
PAIN DUE TO HIP OR KNEE OSTEOARTHRITIS
J.J van den Driest 1, D. Schiphof 1, A.R. Koffeman 2,
M.A. Koopmanschap 3, P.J. Bindels 1, S.M. Bierma-Zeinstra 1. 1 Erasmus
MC, Univ. Med. Ctr., Rotterdam, Netherlands; 2 Leiden Univ. Med. Ctr.,
Leiden, Netherlands; 3 Erasmus Univ. Rotterdam, Rotterdam, Netherlands
Purpose: The currently prescribed analgesics for OA related pain do not
always sufﬁciently reduce pain and can be associated with side-effects
or can be contra-indicated. Other treatment options are therefore
needed. An option may be duloxetine, a serotonin and norepinephrine
reuptake inhibitor (SNRI). Duloxetine is hypothesized to reduce chronic
pain by central inhibition of pain. Several placebo-controlled studies
showed small to moderate effect of duloxetine. However, the effectiveness in a primary care setting is unknown. Neither is known
whether the presence of symptoms of centrally sensitized pain alters
the response to duloxetine. Therefore, our aim was to assess the effectiveness of duloxetine added to usual care provided by the general
practitioner (GP) for patients with chronic OA pain. Secondary objectives were to assess cost-effectiveness and to assess whether the
presence of symptoms of centralized pain alters the response to
duloxetine.
Methods: A multicentre, open label, cluster randomised trial was
conducted in primary care. Patients were eligible when 18 years, had
hip and/or knee OA based on the clinical ACR criteria, had chronic pain
on most days in the past 3 months and insufﬁcient beneﬁt to of NSAIDs.
Patients were excluded when knee or hip replacement was scheduled,
when using antidepressants or neuropathic pain medication, if they had
rheumatoid arthritis, or contra-indications for duloxetine, or were
unable to sign informed consent. All eligible patients were identiﬁed
before randomisation of the GP practice was performed. Patients
received duloxetine 60mg/day added to usual care, or usual care alone.
Usual care was provided according to the Dutch GP guidelines. The
primary outcome was WOMAC pain (0-20) at 3 months. We aimed to
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detect a difference of 1.9 points (effect size 0.4) between the two groups
and a difference of 2.9 points (effect size 0.6) for the subgroup of
patients with symptoms of centralized pain (modiﬁed painDETECT
>12). Secondary outcomes were WOMAC pain at 12 months, WOMAC
function, quality of life, side-effects, cost-effectiveness, patients satisfaction, perceived improvement, and OMERACT-OARSI responder
criteria. A linear mixed model with repeated measurements was used to
assess the differences in continuous outcomes and generalised estimating equations analyses were performed for dichotomous outcomes.
The analyses were adjusted for age, sex, modiﬁed painDETECT score,
HADS depression score and the presence of two or more comorbidities.
Results: In total, 133 patients were included and 132 were randomised.
66 patients (31 practices) were randomised to duloxetine added to
usual care and 66 patients (34 practices) to usual care alone. Characteristics of the GP practices were similar in both groups. Some characteristics of the patients differed between the two groups. The
duloxetine group consisted of fewer women (59.1% vs 75.8%), patients
were younger (63.2 years vs 65.4 years) and had fewer comorbidities
(15.2% vs 33.2% had  2 comorbidities). Most patients included had
knee OA (77.3% in duloxetine group and 86.4% in the usual care group)
and 40% of the patients had symptoms of centralized pain. No differences were found for WOMAC pain at 3 months (adjusted difference
-0.58 95% conﬁdence interval (CI) [-1.80; 0.63]) or at 12 months
(adjusted difference -0.26 95% CI[-1.86; 1.34]). The secondary outcomes
quality of life, patient satisfaction and the OMERACT-OARSI responder
criteria also showed small, non-signiﬁcant differences (Table 1). For the
subgroup of patients with symptoms of centralized pain no effect of
duloxetine was found either (-0.32 95% CI[-2.32; 1.67]. Furthermore, the
intervention was not cost-effective; a small positive difference of 0.04
QALY’s was found for the duloxetine group. The costs per gained QALY
were €13.000,- from health care perspective. The uncertainty analysis
showed 80% probability that these costs were lower than €50.000,- per
QALY gained, which is the threshold for moderate disease severity. From
societal perspective, these costs were €54.000,- with a 48% probability
of costs being lower than €50.000,-. In the duloxetine group, 56 patients
(85%) started using duloxetine. After three months 61% of the patients
and at 1 year 35% of the patients were still using duloxetine. At 3
months 89.3% of the patients in the duloxetine group reported at least
one side-effect compared to 72.5% in the usual care group. Nausea,
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weight loss, constipation, yawning and hyperhidrosis were reported
signiﬁcantly more frequently by patients in the duloxetine group.
Patients in the duloxetine group contacted their GP more frequently
(51.8% vs 30.8% at 3 months) and were more often referred to an
orthopaedic surgeon (10.7% vs 3.8% at 3 months). In the total follow-up
time, 5 patients in the duloxetine group had a total hip replacement
(THR) or total knee replacement (TKR) while none of the patients
receiving usual care had a THR or TKR.
Conclusions: We can rule out a clinically relevant effect (1.9 points on
WOMAC pain scale) of duloxetine added to usual care compared to
usual care alone in patients with chronic OA pain. For patients with
symptoms of centralized pain we can rule out a larger effect of duloxetine (2.9 points), but the presence of a smaller difference (1.9 points)
cannot be ruled out and our Results in this subgroup need to be conﬁrmed in another trial.
PRESENTATION NUMBER: 69
TARGETING CARTILAGE EPIDERMAL GROWTH FACTOR RECEPTOR
SIGNALING PATHWAY FOR OSTEOARTHRITIS TREATMENT
T. Gui 1, Y. Wei 1, L. Luo 1, F. Yu 1, L. Yan 1, L. Yao 1, L. Zhong 1, W. Yu 1,
B. Han 1, J. Patel 1, F. Beier 2, Z. Shao 3, L. Han 1, R. Mauck 1, A. Tsourkas 1,
J. Ahn 1, Z. Cheng 1, L. Qin 1. 1 Univ. of Pennsylvania, Philadelphia, PA, USA;
2
Univ. of Western Ontario, London, ON, Canada; 3 Huazhong Univ. of Sci.
and Technology, Wuhan, China
Purpose: Osteoarthritis (OA) is a widespread chronic joint disease
characterized by cartilage degeneration. We previously discovered that
EGFR signaling is critical for maintaining the superﬁcial layer of articular cartilage and found that mice with cartilage-speciﬁc (Col2-Cre)
EGFR deﬁciency develop spontaneous OA. Here, we designed a twopronged approach to investigate the effects of positively targeting the
EGFR pathway on articular cartilage. First, we genetically enhanced
EGFR activity by adopting a Rosa-DTR model. Originally identiﬁed as a
receptor for bacterial diphtheria toxin (DT), DTR was later discovered to
be human full-length HBEGF, a ligand for EGFR. Thus, it allows us to
study the effect of cartilage-speciﬁc EGFR over-activation on OA progression. Second, we synthesized and characterized nanoparticles (NPs)
conjugated with TGFa, another EGFR ligand, and tested their therapeutic efﬁcacy in OA mice.
Methods: Animals- All animal work was approved by the Institutional
Animal Care and Use Committee (IACUC) at the University of Pennsylvania. Col2-Cre Rosa-DTR (HBEGF OverCol2) and Aggrecan-CreER RosaDTR (HBEGF OverAgcER) mice, and their WT (DTR or Cre only) siblings
were generated. HBEGF OverAgcER mice and WT received Tamoxifen
(Tam, 75 mg/kg/day) injections for 5 days before surgery. Male mice at 3
months of age were subjected to destabilization of medial meniscus
(DMM) or sham surgery at right knee. For treatment, WT mice received
10 ml of PBS, TGFa-DBCO (10 mM TGFa content), Ctrl-NP (no TGFa) and
TGFa-NPs (10 mM TGFa content) intra-articularly once every 3 weeks
starting from right after DMM surgery for 3 months. TGFa-NP synthesis- Bacteria-expressed human TGFa were labeled at the C-terminus
with a constrained alkyne, dibenzocyclooctyne (DBCO), via sortase-tag
expressed protein ligation (STEPL). TGFa-NPs were then prepared via
copper-free click chemistry, by mixing TGFa-DBCO with azide-functionalized NPs made from 55mol% poly(ethylene glycol)-polycaprolactone
(PEG-PCL)/20mol%
poly(L-lysine-block-poly(ecaprolactone) (PLL-PCL)/25mol% 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[azido(polyethylene glycol)-5000] (DSPE-PEG5KN3) using the ﬁlm hydration method. Histology- Knee joints were
processed for parafﬁn sections followed by HE, Safranin-O/fast green
(SO/FG), p-EGFR, Ki67, TUNEL, and PRG4 staining. MicroCT- Femurs
were scanned from the epiphyseal end at a 6-mm resolution by microCT
35. The 3D images of the femoral distal end were reconstructed to
generate a 3-D color map of thickness for the entire subchondral bone
plate (SBP). Cell culture- Chondroprogenitors were harvested from
articular cartilage of 5-month-old mouse knee joints by enzymatic
digestion. Cells were then used for Western blots and CFU-F assays.
Statistics- Data are expressed as means±SEM and analyzed by one- or
two-way ANOVA and unpaired, two-tailed Student’s t-test.
Results: HBEGF OverCol2 mice displayed normal knee joints. No gross
abnormality was detected. Long bone structure, including subchondral
trabecular bone, subchondral bone plate (SBP), and metaphyseal trabecular bone, was also not affected. The most obvious change was
cartilage. HBEGF OverCol2 mice displayed expanded growth plate and
articular cartilage at 1 and 5 months of age (23.27% and 34.28% thicker
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than WT cartilage, respectively) (Fig. 1A, B). The superﬁcial layer contains chondroprogenitors for articular cartilage. HBEGF OverCol2
articular cartilage had 1.79-fold more superﬁcial chondrocytes (Fig. 1C,
D) and formed 1.96-fold more CFU-F colonies than WT mice at 5 months
of age, which was accompanied by enhanced Ki67 and Prg4 staining and
reduced TUNEL staining (Fig. 1E, F). Interestingly, after DMM injury,
articular cartilage degeneration was remarkably attenuated in HBEGF
OverCol2 mice (Fig. 2A, B and F) and OverAgcER mice (with Tam
injections before the surgery, Fig. 2C, D and G). This cartilage protective
action is mediated by EGFR signaling because it was completely abolished by co-treatment of EGFR inhibitor, Geﬁnitib (Fig. 2E, H). TGFa-NPs
(Fig. 3A) were approximately spherical in shape with a hydrodynamic
diameter of 25.93 nm. They activated EGFR signaling in primary chondrocytes as potent as free TGFa. Due to a positive charge, TGFa-NPs had
superior cartilage uptake, penetration, and joint retention abilities
compared to free TGFa (Fig. 3A, B). Strikingly, intra-articular delivery of
TGFa-NPs effectively maintained EGFR activity (p-EGFR) in cartilage
(Fig. 3C) and attenuated DMM-induced OA cartilage degeneration (Fig.
3D, E), SBP sclerosis (Fig 3F, G) and joint pain measured by von Frey
assay. Free TGFa or NPs alone did not alter OA progression.
Conclusions: Our study provides genetic evidence demonstrating that
overactivation of EGFR signaling modestly thickens the articular cartilage and completely blocks OA progression after DMM surgery. Other
joint tissues, such as bone, synovium, and meniscus, as well as major
vital organs, appeared normal in mice up to 12 months of age, suggesting that EGFR signaling could be precisely regulated in vivo to fulﬁll
its anabolic actions without inciting catabolic, damaging effects. We
also provided proof-of-principle evidence that administration of TGFa
into mouse joints using an advanced nanoparticle delivery system is
effective in preventing DMM-induced OA initiation and development.
Our studies uncover the critical role of EGFR signaling in cartilage
homeostasis and demonstrate the feasibility of targeting EGFR signaling
for OA treatment as a novel therapeutic approach using nanotechnology.

PRESENTATION NUMBER: 70
SENESCENCE DID NOT ALTER THE CHONDROPROTECTIVE EFFECT OF
EXTRACELLULAR VESICLES FROM ADIPOSE MESENCHYMAL STEM
CELLS IN OSTEOARTHRITIS
J. Boulestreau, Jr., M. Maumus, Sr., P. Rozier, Jr., C. Jorgensen, Sr.,
D. Noel, Sr.. Inserm U1183, Montpellier, France
Purpose: Age is the most important risk factor in degenerative osteoarthritis (OA) and is associated with the accumulation of senescent cells
that contribute to functional decline of joint. We previously demonstrated that extracellular vesicles (EVs) from mesenchymal stromal cells
(MSCs) largely mediate the therapeutic effect of parental cells in OA.
Here, we assessed the impact of senescence on the characteristics of EVs
from adipose tissue-derived MSCs (ASC-EVs) and their properties in an
in vitro model of OA
Methods: ASCs were induced to senescence using 25mM etoposide for
24 hours. Senescence was assessed at day 12 by quantifying proliferation rate (Trypan blue counting, BrdU incorporation), SA-bGal
activity (immunostaining and dedicated quantitative assay), nuclear
gH2AX foci number (immunoﬂuorescence), stress ﬁber visualization
(phalloidin staining) and expression of cyclin dependent kinase inhibitors (CDKI) (RT-qPCR). ASC-EVs were isolated by differential ultracentrifugation and characterized by size, concentration, total protein
content, structure (cryo-TEM) and immunophenotype (CD9, CD63,

CD81, Alix). In vitro OA model used human chondrocytes isolated from
OA patients, which were stimulated with IL1b for 48h before culture
with ASCs or ASC-EVs for 7 days. Expression of chondrocytic and
inﬂammatory markers was quantiﬁed by RT-qPCR and SASP factors
were quantiﬁed by ELISA in supernatants
Results: After 12 days, senescence-induced ASCs experienced growth
arrest and increase of SA-bGal staining, of p21 CDKI expression, of
nuclear gH2AX foci, of stress ﬁbers and of several SASP factors (IL6, IL8,
MMP3) conﬁrming expression of all main features of senescence. Senescent ASCs produced 4-fold more EVs than healthy ASCs and senescent
ASC-EVs were larger and contained slightly less total protein amounts.
In the in vitro model of OA chondrocytes, both healthy and senescent
ASCs decreased ﬁbrotic markers (type III COLLAGEN), catabolic and
hypertrophic markers (MMP3, MMP13, AP) and increased COX2. By
contrast, healthy ASCs decreased the expression of IL6 while senescent
ASCs highly increased IL6 expression in OA chondrocytes. Looking at the
role of ASC-EVs on OA chondrocytes, we found out that both healthy
and senescent ASC-EVs were able to increase the expression of AGG and
type II COLLAGEN while they decreased the expression of MMP13, AP,
type X COLLAGEN, HMOX1 and IL6. Finally, healthy and senescent ASCEVs decreased the number of SA-bGal positive OA chondrocytes but did
not impact the expression of p21 in these IL1b-induced chondrocytes.
Conclusions: Our Results indicated a chondroprotective effect of ASCEVs, independently of the senescent state of parental cells and suggested that EVs might act through different mechanisms than ASCs,
which warrants further investigation
PRESENTATION NUMBER: 71
ARTICULAR CARTILAGE REGENERATION IN RATS USING HUMAN
BONE MARROW STROMAL CELLS
S.S. Paravastu, B.W. Mui, Jr., S.J. Gadomski, R. Merling, S. Kuznetsov,
P.G. Robey. Natl. Inst. of Dental and Craniofacial Res., Bethesda, MD, USA
Purpose: Injury to articular cartilage found in knee joints is often disabling and affects both younger and older individuals. Injured cartilage
rarely heals, leading to a progressive loss of normal function of the joint
in many cases. Current treatments are far from satisfactory. One treatment is surgery (such as drilling through the cartilage to the bone,
abrasion to remove diseased cartilage and microfracture). These procedures can result in the formation of a mixture of ﬁbrous tissue and
cartilage within the injury, which does not lead to a total recovery of
joint function. Autologous human bone marrow stromal cell (hBMSC)
transplantation maybe a potential avenue to regenerate articular cartilage. We previously determined that naive (untreated) hBMSC were
able to form stable, non-hypertrophic cartilage when transplanted
subcutaneously in conjunction with ﬁbrin microbeads covalently
coated with hyaluronic acid (FMBs). In our current study, we are
investigating the ability of hBMSC/FMB constructs to generate nativelike cartilage in an articular defect in immunocompromised rodents.
Methods: hBMSCs were obtained from surgical bone waste and grown
in culture for 2-3 passages. Approval for this study was given by the
institutional Animal Care and Use Committee (ACUC). To create the
articular cartilage defects in immunocompromised SRG rats (Hera/
Charles River), the patella was laterally displaced and the distal femur
was immobilized using a clamp. The defect was made in the trochlear
groove of the distal femur using a 1.8mm diameter microdrill. The
defect was either left unrepaired (sham), or subsequently ﬁlled with
either FMBs alone (FMBs Alone), hBMSCs attached to FMBs
(FMBs+cells), or with a pellet created by incubating BMSCs with FMBs
for 10 days in chondrogenic medium. At the 4-week and 8-week
timepoints following surgery, the rats were euthanized and femurs
were harvested and ﬁxed in 4% paraformaldehyde for 24 hours and then
decalciﬁed using a 10% EDTA solution for 30 days. After decalciﬁcation,
the femurs were parafﬁn embedded and sectioned at a thickness of 6
mm. Histological staining was performed using hematoxylin and eosin,
toluidine blue, and safranin O methods to assess cartilage formation.
Immunohistochemistry for aggrecan within the cartilage was also
performed to assess cartilage proteoglycan formation. Image analysis
using Image J was performed on sections stained with safranin O. Cartilage thickness was approximated based on the thickness of the intact
cartilage surrounding the defect, and a region of interest (ROI) was
drawn surrounding the defect with the same depth as the intact cartilage. The image color channels were separated into red, green, and
blue, and the blue channel was used to threshold for the stained proteoglycan. The “analyze particles” module of Image J was used to
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calculate the percentage of the ROI that stained positive for proteoglycan. Second-harmonic generation microscopy was also used to
evaluate collagen ﬁbril structure and organization.
Results: Toluidine blue staining revealed cartilage formation in defects
at the 4-week and 8-week timepoints in both the FMBs+cells and pellet
groups. No cartilage was detected in the FMBs alone or sham groups
(Figure 1).
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Conclusions: At the early timepoints presented in this abstract, there is
evidence of cartilage formation in the drilled articular cartilage defects
in both the FMBs+cells and pellet groups. This initial data shows the
potential for our method to regenerate articular cartilage in vivo.
Analysis of our long-term time points will reveal the extent and quality
of healing induced by hBMSCs transplanted in conjunction with FMBs.
PRESENTATION NUMBER: 72
BIOMECHANICAL EVALUATION OF CHONDRAL LESIONS IN SHEEP
MODEL TREATED WITH HYALINE CARTILAGE SUSPENDED IN
PLASMA RICH IN GROWTH FACTORS AND PRGF INTRAARTICULAR
INJECTION (CN-BIOMATRIX) BY FORCE PLATFORM. PRELIMINARY
RESULTS
ez-Gorrea 1, 2, J. Carrillo-Poveda 1, 2, B. Cuervo-Serrato 1, 2,
P. Pela
ntara 1, 2, M. Rubio-Zaragoza 1, 2,
E. Damia-Gimenez 1, 2, D. Chicharro-Alca
L. Miguel-Pastor 1, 2, A. Del Romero-Martinez 1, 2, J. Sopena-Juncosa 1, 2,
~ o 3, 2.
M. Torres-Torrillas 1, 2, A. Hernandez-Guerra 1, 2, J. Vilar-Gueren
1
Bioregenerative Med. and Applied Surgery Res. Group, Dept. of Animal
Med. and Surgery, CEU- Cardenal Herrera Univ., CEU Universities, Alfara
del Patriarca, Spain; 2 García Cugat Fndn. CEU-UCH Chair of Med. and
Regenerative Surgery, CEU-Cardenal Herrera Univ., CEU Universities,
Alfara del patriarca, Spain; 3 Dept. of Animal Pathology. Inst. Univ.rio de
Investigaciones Biom
edicas y Sanitarias. Univ. of Las Palmas de Gran
Canaria, Las palmas de Gran Canaria, Spain

Percentages of defect area positive for cartilage proteoglycan in the
FMBs+cells, pellet, FMBs alone, and sham group defect areas were
8.95%, 3.03%, 0.008%, and 0.094% respectively. A comparable ROI in
healthy rat cartilage showed proteoglycan positivity of 58.43% of the
area (Figure 2).

Second harmonic generation imaging of the defect area showed that
from sham to FMB alone to pellet to FMBs+cells groups, the organization of the collagen ﬁbrils begin to more closely approximate healthy
rat cartilage (Figure 3).

Long-term time points are currently being analyzed.

Purpose: Chondral lesions are a problem of great importance in both
human and veterinary medicine, affecting many patients and entailing
great economic costs. If these injuries are not treated properly, patients
can develop serious and irreversible degenerative joint problems, such
as osteoarthrosis (OA). OA is the most common cause of disability in the
elderly population. In humans the reported incidence is 10% with an
average age of 60 years. In veterinary medicine it affects 20% of the adult
canine population, with important welfare implications. Chondral
lesions have a high incidence and, unfortunately, cartilage has a limited
reparative and regenerative capacity. This is due to two important facts:
the absence of vascularization within the tissue and the low capacity of
chondrocytes to respond to tissue damage. The chondral lesions lead to
pain in the affected joint, causing functional limitation, which could be
evaluated, given that kinetic parameters such as peak vertical force
(PVF) and vertical impulse (VI) show decreased values. Nowadays, these
kinetic parameters could be evaluated by means of force platform. The
purpose of this study was to evaluate the functional therapeutic
potential of an autologous-made matrix consisting of healthy hyaline
cartilage (HC) chips, combined with mixed plasma poor rich in platelets
clot and plasma rich in growth factors (PRGF), for the treatment of stiﬂe
full-thickness cartilage or osteochondral defects using force platform.
This method has been recently named the CN-Biomatrix (CN-B) by
Cugat et al.
Methods: Animals and study groupsA total of 10 sheep were included in
this study. A full-thickness chondral defect with 8 mm diameter was
created in medial femoral condyles of both stiﬂes (Fig. 1). Due to the
kinetic assessment needs to compare both limbs, animals were divided
into two groups based on the treatment applied to left hindlimb (Table
1):x Group 1: included ﬁve animals:o CN-B (SS): right stiﬂes were
treated with CN-B and injected with an intra-articular PRGF (n¼5).o SS:
left stiﬂes were treated with an intra-articular injection of saline solution (n¼5).x Group 2: included ﬁve animals:o CN-B (HA): right stiﬂes
were treated with CN-B and injected with intra-articular PRGF (n¼5).o
HA: left stiﬂes were treated with an intra-articular injection of hyaluronic acid (HA) (n¼5).AssessmentAnimals were evaluated one and three
months after surgery using force platform analysis. Reference values of
healthy stiﬂe (HS) were also obtained. The evaluated parameters were
the PVF (Newtons) and VI (Newtons x second). To obtain these data, a
force platform was placed at the center of a 6m runway covered by a
rubber mat where the sheep walked on (Fig. 2). Walking speed was
measured by a motion sensor (PS-2103a, Pasco, CA, USA) in order to
ensure that animals walked homogeneously within a narrow variation
of velocity (1.6 ± 0.5 m/s) and acceleration (0.5 m/s2). The sampling
frequency was set to 250 Hz. A total of three valid trials were obtained
from each sheep. A trial was considered valid when the limb fully
contacted the force platform. The software DataStudio (Pasco, CA, USA)
was used for the acquisition, numerical conversion, and storage of
data.Statistical studyThe statistical study was carried out with the SPSS
19 program for Windows, in all cases a p <0.05 was used. One and two-
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way ANOVA was performed with a tukey test for continuous variables
and contingency tables for categorical variables.
Results: One month after the surgery the stiﬂes treated with CN-B (SS)
showed the highest values of PVF. These values were signiﬁcantly
higher than the values shown in the HS, probably due to compensation
between limbs, obtaining the worst results the (SS). The stiﬂes treated
with CN-B (HA) showed similar results to HS, and stiﬂes with HA
obtained values below HS, but slightly higher than stiﬂes with SS. This
could be because the HA had a positive effect, those animals had not had
to compensate the contralateral limb (Fig. 3).Three months after surgery, it was observed that CN-B (SS) and CN-B (HA) showed the highest
values, signiﬁcantly higher than HS. Stiﬂes treated with HA obtained
similar values to one month after surgery, and those treated with SS
signiﬁcantly decreased loads (Fig. 4). For this reason, in group 1, we can
assume there is a compensatory effect as stiﬂes treated with SS showed
the worst results. In group 2, similar results and therefore same effects
were obtained in stiﬂes treated with HA at 1 month and 3 months after
surgery. The use of HA in stiﬂes maintained its effect and thus the
increasing force in CN-B (HA) is not due to a compensatory effect. This
increase in PVF of the CN-B (HA) stiﬂe could be due to the fact that
quadruped animals were used in the study and therefore PVF could not
be directly related with the contralateral limb, the forelimbs may be

involved. Nevertheless, 3 months after surgery all the stiﬂes treated
with CN-B showed the highest values of PVF.
Conclusions: Based on the Results obtained in this preliminary study
we can conclude that the use of CN-Biomatrix could be a therapeutic
option for chondral lesions, because improve PVF in force platform at 1
and 3 months. This technique is also cheap, easy, fast procedure to
perform (through a small arthrotomy and a single surgery) and safe
(autologous method). CN-Biomatrix seems to be a good option for
cartilage injuries.
PRESENTATION NUMBER: 73
UNDERRECODING OF KNEE OSTEOARTHRITIS: A POPULATIONBASED STUDY WITH ELECTRONIC HEALTH RECORDS IN DUTCH
GENERAL PRACTICE
I. Arslan, J. Damen, M. de Wilde, J. van den Driest, P. Bindels,
S. Bierma-Zeinstra, D. Schiphof. Erasmus Univ. Med. Ctr., Rotterdam,
Netherlands
Purpose: Osteoarthritis (OA) has been ranked as the 10th leading contributor to global disability, with knee OA the most prevalent type. The
population-based incidence and prevalence estimates are mostly based
on electronic health records (EHR). EHRs consist of codiﬁed data (i.e.
certain codes for diseases, such as the International Classiﬁcation for
Primary Care (ICPC) coding in the Netherlands and Read Codes in the
United Kingdom) and narrative data (i.e. free-text notes from physicians). Current epidemiological research on knee OA is largely limited to
codiﬁed data. Codiﬁed data may not be updated by physicians during
follow-up consultations after disease progression or a change in ﬁnal
diagnosis, or may even include misclassiﬁcation of codes due to several
reasons, such as lack of time. Therefore, the use of codiﬁed data alone is
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most likely an underestimation. Including narrative data on top of
codiﬁed data can help to identify possible misclassiﬁcations. This study
aimed to determine the incidence and prevalence of knee OA using a
combination of narrative and codiﬁed data from a large primary care
database from the Netherlands in the period of 2008-2019. By combining narrative and codiﬁed data, this study aimed to detect patients
with knee OA more accurately than the standard approach of using
codiﬁed data alone.
Methods: A retrospective cohort study was conducted in the Integrated
Primary Care Information (IPCI) database. IPCI database contains electronic health records of approximately 2.5 million patients in the general practices throughout the Netherlands. The database contains
longitudinal data on demographics, symptoms, diagnosis, laboratory
tests, treatment, prescriptions, referrals, correspondence from and to
secondary care and other healthcare professionals in primary care (e.g.
physiotherapy), and free-text notes from physicians. Data from 1st
January 2008 until 31st December 2019 were used for this study.
Patients aged 30 during each study year (2008-2019) with at least 12
months of valid database history prior to the study entry were included.
An algorithm was developed to identify diagnoses of knee OA based on
the ICPC coding and keywords in the narrative data of the records. The
algorithm included patients with ICPC code L90 (knee OA) and patients
with keywords for the knee or ICPC code L15 (knee complaints) in
combination with keywords for OA in the free text of the records.
Keywords combined with terms of negation (e.g. ‘not’ or ‘no’) were
excluded, as were combinations with relatives and expressions of
uncertainties (e.g. ‘father has’, ‘mother has’, ‘probably’, ‘differential
diagnostics’). This algorithm was design by the research group,
including GPs. A random sample of 100 records identiﬁed with the
algorithm was assessed on terminology variations and misspellings of
keywords by one author (IGA) and textual alternations were made to
improve the algorithm. A random sample of 50 patients that were
identiﬁed with the algorithm with narrative data alone (i.e. without
ICPC code L90) was selected. Two authors, IGA (physiotherapist and
researcher) and JD (general practitioner and researcher), assessed the
positive predicted value (PPV) by reading the full electronic health
records. Consensus on true or false positives was reached through
discussion with the last author (DS, physiotherapist and researcher).
The PPVs of the algorithms of narrative data was estimated to be 94.0%.
The annual prevalence was calculated by the number of people ever
diagnosed at 1st of July each calendar year divided by the total number
of patients in population at the same time point, multiplied by 100. The
annual incidence rate per 1000 person years at risk was calculated by
dividing the number of new cases between 1st January and 31st
December each calendar year by the number of persons years at risk.
Poisson distribution was used to provide 95% conﬁdence intervals (CIs)
for prevalence and incidence rates. All analyses were repeated stratiﬁed
by sex.
Results: The prevalence of knee OA (Fig. 1) based on codiﬁed data
increased from 2.26% (CI 2.23 to 2.28) in 2008 to 5.39% (CI 5.36 to 5.42)
in 2019. Based on codiﬁed and narrative data, the prevalence of knee OA
increased from 5.18% (CI 5.14 to 5.21) in 2008 to 10.3% (CI 10.2 to 10.3) in
2019. Adding narrative data showed on average 2.01 times higher
prevalence than codiﬁed data alone. The incidence rate of knee OA (Fig.
2) based on codiﬁed data increased from 3.11 per 1000 person years (CI
2.91 to 3.30) in 2008 to 3.13 per 1000 person years (CI 2.01 to 3.23) in
2019. Based on codiﬁed and narrative data, the incidence of knee OA
increased from 5.72 per 1000 person years (CI 5.46 to 5.99) in 2008 to
6.47 per 1000 person years (CI 6.32 to 6.62) in 2019. Adding narrative
data showed on average 1.84 times higher incidence than codiﬁed data
alone. Both the prevalence and incidence of knee OA were at any time
point higher for women than for men.
Conclusions: This study showed that the prevalence is on average 2.01fold higher and the incidence is on average 1.84-fold higher when
including narrative data on top of codiﬁed data alone. This indicates
that codiﬁed data alone seriously underestimates the prevalence and
incidence of knee OA in the Netherlands. Current knowledge regarding
the healthcare demand of knee OA in the Netherlands is therefore likely
to be underestimated. Future estimates from EHRs need to incorporate
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narrative data next to codiﬁed data to estimate epidemiologic measures
more accurately. Future studies will identify in what circumstances GPs
use OA coding instead of free text notes.
PRESENTATION NUMBER: 74
ASSOCIATION BETWEEN HAND GRIP STRENGTH, SARCOPENIA AND
ARTHRITIS AMONG MIDDLE-AGED AND ELDERLY CHINESE
POPULATION:A STRATIFIED CROSS-SECTIONAL STUDY
Y. Chen 1, Y. Xue 1, D. Jiang 1, M. li 1, Z. Deng 2, J. Pang 1, H. Zhan 1,
Y. Zheng 1, Y. Cao 1. 1 Shuguang Hosp. Afﬁliated to Shanghai Univ. of
Traditional Chinese Med., Shanghai, China; 2 Shanghai Baoshan Hosp. of
Intergated Traditional Chinese and Western Med., Shanghai, China
Purpose: The aim of this study was to investigate the association
between hand-grip strength, sarcopenia and arthritis in a large population-based study, as well as stratifed by middle-aged and elderly
Chinese in both sex.
Methods: The China Health and Retirement Longitudinal Study
(CHARLS) national survey data in 2011 was employed for this study. The
hand-grip strength was divided into quartiles, independently, by both
gender and age, and sarcopenia was deﬁned according to the Asian
Working Group for Sarcopenia (AWGS). Multivariate binary logistic
regression models were ﬁtted to adjust for potential confounders,
including socio-demographic, health-related behavior and health
status.
Results: A total of 12,400 participants (age 60.18±9.60years, 52.6%
women) were selected in this cross-sectional study. After adjustment
for potential confounders, participants with the highest hand-grip
strength level had lower risk of prevalent arthritis(OR¼0.68, 95%
CI:0.56-0.82 for male, OR¼0.83, 95%CI: 0.70-0.98 for female). For sarcopenia individuals, sarcopenia was associated with arthritis differently
in both gender and age(OR¼1.39, 95%CI: 1.10-1.77 for elderly in male,
OR¼1.38, 95%CI: 1.06-1.80 for middle-aged in female), after adjustment
for potential confounders.
Conclusions: Higher hand-grip strength is independently associated
with arthritis, and the positive association between elevated sarcopenia
and arthritis was reconﬁrmed in a Chinese population.
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PRESENTATION NUMBER: 75
DEVELOPMENT AND VALIDATION OF A PREDICTION MODEL FOR
INCIDENT RADIOGRAPHIC FINGER INTERPHALANGEAL JOINT
OSTEOARTHRITIS
K. Shah 1, N.K. Arden 2, A. Silman 1, D. Furniss 1, G. Collins 3. 1 Nufﬁeld
Dept. of Orthopaedics, Rheumatology, and Musculoskeletal Sci., Univ. of
Oxford, Oxford, United Kingdom,; 2 Ctr. for Sport, Exercise and
Osteoarthritis Res., Versus Arthritis, Univ. of Oxford, Oxford, United
Kingdom; 3 Ctr. for Statistics in Med., Nufﬁeld Dept. of Orthopaedics,
Rheumatology, and Musculoskeletal Sci., Univ. of Oxford, Oxford, United
Kingdom
Purpose: Joints in the hand are those most commonly affected by
osteoarthritis. Within the hand, osteoarthritis at the base of thumb and
at the ﬁngers are often considered to be different subsets of disease.
Although there have been a number of studies assessing risk factors for
hand osteoarthritis, most of these have focussed on the base of thumb.
Further, risk factors have typically been analysed in isolation, whereas
patients are likely to have multiple risk factors with complex interactions. This could modify the overall risk of osteoarthritis development. The aim of this study was to investigate multiple risk factors in
calculating the overall risk of incident radiographic ﬁnger interphalangeal (IPJ) osteoarthritis.
Methods: The design of this study utilised a secondary analysis of data
from a large prospective cohort to permit the building of a prediction
model. Data from the Chingford 1000 Women Study (Chingford Study),
a ten-year prospective, population-based cohort were extracted. At
baseline, women aged 45 to 64 years old had hand radiographs taken,
and data on several anthropometric, clinical, and lifestyle variables had
been collected. The study participants have been shown to be representative of the middle-aged female population in the United Kingdom.
The participants were followed up annually, and repeat hand radiographs were taken after 10 years. The paired radiographs were read
using the Kellgren-Lawrence (KL) atlas, with inter-observer kappa statistics of 0.7 to 1.0. For the current study, eligible participants were
those with hand radiographs at baseline and 10 years’ follow up. Participants were then excluded if they had radiographic osteoarthritis in
any ﬁnger IPJ at baseline (KL grade 2 or more). Risk factors were selected
from baseline of the Chingford Study, based on (i) biological plausibility
assessed by the clinically qualiﬁed authors, (ii) a recent prognostic
factor systematic review, and (iii) a Delphi study of Hand Surgeons.
Incident IPJ osteoarthritis was deﬁned as osteoarthritis (KL grade 2 or
more) in one or more ﬁnger IPJs at follow-up. Logistic regression was
used to build a prediction model including all selected risk factors.
Continuous risk factors were analysed for linearity with the outcome
using restricted cubic splines. Following primary model development,
elastic net with 10-crossfold validation was performed for regularisation. The model was then internally validated using bootstrapping with
2,000 iterations. A nomogram was produced, to visualise the overall risk
of incident IPJ osteoarthritis from the model. Model performance was
assessed for discrimination (ability of the model to identify participants
with the event, from those without the event) using the C-statistic (0.7
and greater represent good discrimination); and for calibration (estimate of predicted probabilities extremeness) using the C-slope (1
represents a well calibrated model). Sub-groups for incident osteoarthritis in two or more ﬁnger IPJs, and three or more ﬁnger IPJs were
created, and any model mis-calibration was calculated. Complete case
analysis was used.
Results: Of 1,003 participants in the Chingford Study, 699 had radiographs taken at baseline and followup. 214 (30.6%) had radiographic
osteoarthritis at baseline, and were excluded, and 26 (3.7%) had missing
radiographic data. Thus there were 459 eligible for this analysis. Median
age at baseline was 51 years (interquartile range: 9 years), with a mean
body mass index of 26kg/m2 (standard deviation of 4kg/m2) (Table 1).
Eighteen candidate predictors were included (Table 1). 202 (44%) participants developed incident IPJ osteoarthritis in one or more IPJs.
Manual occupation (p <0.01), history of osteoarthritis at the base of
thumb (p <0.03), and older age (modelled using a 3-knot spline) were
the most inﬂuential risk factors for incident osteoarthritis. The risk of
incident IPJ osteoarthritis plateaued after the age of 57 (Figure 1). After
elastic net regularisation and bootstrapping, all variables were kept in
the model and included in the nomogram (Figure 2). Model C-statistic
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was 0.67 (95% conﬁdence interval (CI) 0.62 to 0.72) and C-slope was 1.00
(95% CI 0.68 to 1.34). In the sub-group analysis, 114 (27%) participants
had OA in two or more IPJs. The model was slightly over calibrated for
this sub-group. 66 (15%) participants had OA in three or more IPJs, and
the model was also over calibrated in this sub-group.
Conclusions: This model suggests that manual occupation, base of
thumb osteoarthritis, and older age are inﬂuential risk factors for incident radiographic ﬁnger IPJ osteoarthritis. This indicates that osteoarthritis at the base of thumb and the ﬁnger IPJs might be related.
Knowledge of these modiﬁable and non-modiﬁable risk factors can be
used to inform prevention strategies. Despite a lack of any strong
individual risk factors, this model showed good performance in predicting incident osteoarthritis in one, two and three ﬁnger IPJs.
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PRESENTATION NUMBER: 76
TRENDS IN COMORBIDITIES ASSOCIATED WITH PHYSICAL ACTIVITY
IN INDIVIDUALS WITH AND WITHOUT OSTEOARTHRITIS: A
POPULATION-BASED STUDY
C.L Hubley-Kozey 1, R. Moyer 1, A.K. Grant 2, E. Jeffers 2, A. Crawford 2,
C. Connolly 3, R. Monroe 3. 1 Dalhousie Univ., Halifax, NS, Canada;
2
Maritime SPOR SUPPORT Unit, Halifax, NS, Canada; 3 Nova Scotia
Hlth.Authority, Halifax, NS, Canada
Purpose: Clinical practice guidelines consistently recommend physical
activity interventions to reduce the increased risk and high prevalence
of cardiovascular and metabolic diseases reported in individuals with
osteoarthritis. Unfortunately, the pain and functional decline associated
with osteoarthritis, combined with patient and health care provider
concerns that activity will worsen patient outcomes, are a barrier to
implementation of these recommendations by health care providers
and individuals with osteoarthritis. Strong experimental data support
overall improvements with increased physical activity in cardiovascular
and metabolic function for healthy adults and individuals with osteoarthritis. Population and cohort data also support physical activitydriven improvements in overall health in both groups. This populationbased study aimed to: (1) determine the trends in comorbidity prevalence across physical activity levels for individuals who self-report as
having osteoarthritis (OA) or not (no OA), and (2) determine whether
the prevalence of speciﬁc comorbidities were different across levels of
physical activity level in each group
Methods: Data were collected from individuals across Nova Scotia
participating in the Atlantic Partnership for Tomorrow’s Health Study, a
population-based survey study that includes individuals 30-74 years
old from four Atlantic Canadian Provinces. Participants completed a
series of questionnaires providing demographic, sociocultural, lifestyle,
physical activity, chronic health conditions and medication usage. Participants were categorized into an OA or no OA group based on selfreport of an osteoarthritis diagnosis or not. Physical activity was
determined from the International Physical Activity Questionnaire
(IPAQ) and participants in each group were categorized into low,
moderate, and high levels of physical activity using IPAQ criteria.
Descriptive statistics were calculated for each group (OA and no OA) and
each physical activity category. Comorbidity prevalence was categorized by comorbidity number into three groups: no comorbidities, one
comorbidity and multi comorbidities (>1) for each group (OA or no OA)
and three physical activity categories (low, moderate, and high). Secondly, the percentage of each comorbidity category (Cardiovascular,
Respiratory, Metabolic, Digestive, Autoimmune, Cancer and Depression)

was calculated for each group (OA or no OA) and each physical activity
category (low, moderate, and high).
Results: Of the 17,961 participants who completed the online survey,
2506 participants (13%) self-reported an osteoarthritis diagnosis. Eighty
percent of the OA group and 68% of the no OA group were women. The
no OA group (n¼15,455, age: 52.1 ± 9.8 years, BMI: 27.9 ± 6.1 kg/m2)
was younger than the OA group (age: 58.5 ± 7.5 years, BMI: 29.6 ± 7.4
kg/m2), but 75% of the OA group were under 65 years old. In both
groups, fewer than 10% of participants were smokers, 16% of participants reported daily alcohol consumption, there were similar reports of
depression in each group (52% OA and 47% no OA) and a larger number
of sleep-related problems in individuals with OA (68%) versus with no
OA (55%) although the majority of participants reported >7 hours of
sleep. Seventy percent of all participants had complete physical activity
and comorbidity data (see Table 1). Comparing across physical activity
levels, the highest percentage of individuals in both groups reported
high physical activity (46% OA and 50% no OA). For individuals in the OA
group without comorbidities, there was a higher percentage of individuals reporting high physical activity (46%) compared to low physical
activity (28%); whereas in the no OA group the difference was smaller
with 58% reporting high activity and 50% reporting low activity. For
individuals with one comorbidity, there was a similar percentage of
both groups reporting each level of physical activity. For individuals
with multi comorbidities (2 or higher), there was a 17% difference
between individuals with OA who fell into the low (36%) versus high
(19%) physical activity categories, and a 7% difference between individuals without OA reporting low (19%) versus high (12%) physical
activity. The top 5 comorbidities for both groups were, in order from
highest to lowest: cardiovascular, respiratory, metabolic, depression
and cancer, accounting for 74% in the OA group and 49% in the no OA
group. Trends were found in the percentage of cardiovascular, metabolic and depression comorbidities across physical activity levels in
both groups, with larger decreases for individuals reporting OA compared to individuals not reporting OA. No trends were noted for cancer
or respiratory comorbidities across physical activity categories.

Conclusions: Based on the demographic characteristics of the data, an
early osteoarthritis group was identiﬁed based on participant age,
healthy lifestyle, and physical activity levels. Despite this relatively early
disease sample, the larger number of comorbidities in the OA group
supports a link between this disease and poor health. The physical
activity data supports a trend for lower multi comorbidity and a better
health state with higher physical activity, and that this trend was larger
for individuals in the OA versus no OA group. These observations were
also consistent for individual comorbidities. Importantly, the prevalence of metabolic disease was most improved from low to moderate
physical activity, which supports published experimental ﬁndings of
decreased blood glucose concentrations with moderate physical activity. The prevalence of cardiovascular disease was most different
between groups for individuals reporting high physical activity levels,
which supports previous ﬁndings for higher intensity activities to
produce a cardiovascular response. These population data support the
value of physical activity as an important component of osteoarthritis
management to maintain overall health and delay frailty. Physical
activity recommendations for different phenotypes based on comorbidity type is important and warrants further study.
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PRESENTATION NUMBER: 77
THE RELATION OF STRENGTH TRAINING PARTICIPATION TO
CHANGES IN PHYSICAL FUNCTION OVER 7 YEARS: THE MOST STUDY
K. James 1, T. Neogi 2, P. Corrigan 1, D. White 3, M. LaValley 2, M. Nevitt 4,
J. Torner 5, C. Lewis 6, J. Stefanik 1. 1 Northeastern Univ., Boston, MA, USA;
2
Boston Univ., Boston, MA, USA; 3 Univ. of Delaware, Newark, DE, USA;
4
Univ. of California San Francisco, San Francisco, CA, USA; 5 Univ. of
Iowa, Iowa City, IA, USA; 6 Univ. of Alabama, Birmingham, AL, USA
Purpose: Several professional rheumatology, osteoarthritis, and health
organizations recognize exercise as an effective approach to manage
knee osteoarthritis (OA). Strength training exercises are often recommended, given that lower extremity weakness is a modiﬁable risk factor
for the incidence and progression of knee OA. While the proliferation of
wearable technology has facilitated our understanding of physical
activity (e.g., unstructured energy expenditure above resting levels),
less is known about the long-term impact of exercise (structured and
repeated energy expenditure above resting levels), and strength training in particular, on physical function. Quantifying longitudinal patterns
of physical function associated with strength training participation may
facilitate our understanding of the broader impacts of this particular
exercise mode and better inform tailored exercise prescription for
adults with knee OA. Therefore, the aim of this study was to determine
the relation of self-reported strength training, accounting for moderatevigorous aerobic activity, to trajectories of objectively measured and
self-reported physical function over 7 years.
Methods: Participants were included from the Multicenter Osteoarthritis (MOST) study. MOST is a NIH-funded, longitudinal cohort study
of individuals with or at risk of developing knee OA. Strength training
participation status: Participants completed the Physical Activity Scale
for the Elderly (PASE) questionnaire at baseline from which level of
strength training participation was obtained. Participants were asked
“Over the past 7 days, how often did you do any exercise speciﬁcally to
increase muscle strength and endurance, such as lifting weights or
pushups, etc.?”. Strength training participation was then categorized
into ‘no participation’ or ‘any participation,’ with ‘any’ participation
deﬁned by reporting at least 1-2 days/week of strength exercise. Physical function: 20-meter walk test (seconds), repeated chair-stand test
(seconds to complete ﬁve repeated chair stands), and the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
function subscale (higher scores represent low function) were used to
assess physical function at baseline, 30-, 60-, and 84-months. Statistical
analysis: Trajectories of physical function were identiﬁed using groupbased trajectory modeling. Trajectory group sizes of at least 5% of the
study population, and Bayesian Information Criterion, were used to
select the optimal number of trajectory groups. We calculated posterior
probabilities to determine the proportion of individual trajectories that
ﬁt within the group trajectories. Logistic regression was used to determine the association between strength training participation status at
baseline and trajectories of changes in physical function. Multinomial
logistic regression was used when more than two trajectories were
identiﬁed. Analyses were adjusted for age, sex, BMI, radiographic knee
OA, self-reported moderate-vigorous aerobic activity (never versus
any), and knee pain severity. Odds ratios with 95% conﬁdence intervals
were determined for each analysis.
Results: 3,026 MOST participants reported strength training participation status at baseline. The mean age and BMI were 61.9 (8.1) years
and 30.3 (5.8) kg/m2, respectively; 58.3% female. The proportion of
participants in the “Never” versus “Any” strength training participation
categories were 57.7% and 42.3%, respectively. Three stable trajectories,
neither improving or declining over 84 months, were identiﬁed for selfreport physical function (higher WOMAC scores reﬂect low function):
high function [mean (SD) ¼ 3.3 (3.4)], intermediate function [mean (SD)
¼ 14.4 (8.3)], and low function [mean (SD) ¼ 31.7 (9.6)] (Fig. 1). Compared to participants who reported strength training participation,
those with did not strength train had 0.9 (0.7, 1.1) and 1.3 (1.0, 1.8) times
the odds of being in the intermediate and low function trajectories,
respectively, compared to being in the high function trajectory. We
identiﬁed two trajectories for the objective measures of physical function over 84 months: stable and worsening (Fig. 1). The stable trajectory
for gait speed and chair stands included 90% and 86.5% of participants,
while the worsening trajectories included 10% and 14.5%, respectively.
Compared to participants who reported strength training participation,
those who did not strength train had 1.6 (1.1, 2.3), and 1.8 (1.3, 2.4) times
the odds of being in the worsening gait speed and chair stands
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trajectories, respectively. The mean posterior probabilities of classifying
participants to each self-report and objective physical function trajectory ranged from 90.4% to 98.9%, indicating excellent model ﬁt.
Conclusions: Participants who engage in strength training exercise are
more likely to have and maintain higher levels of physical function over
7 years independent of self-reported level of moderate-vigorous aerobic
activity.

PRESENTATION NUMBER: 78
USING COMPOSITIONAL DATA ANALYSIS TO UNDERSTAND HOW
PHYSICAL ACTIVITY RELATES TO STRUCTURAL WORSENING OF
KNEE OSTEOARTHRITIS
D. Voinier 1, T. Neogi 2, S. Voinier 1, L.M. Thoma 3, H. Master 4,
M.B. Christiansen 1, J.T. Jakiela 1, D.K. White 1. 1 Univ. of Delaware,
Newark, DE, USA; 2 Boston Univ. Sch. of Med., Boston, MA, USA; 3 Univ.
of North Carolina at Chapel Hill, Chapel Hill, NC, USA; 4 Vanderbilt Univ.
Med. Ctr., Nashville, TN, USA
Purpose: To date, the role of physical activity (PA) in knee osteoarthritis
(OA) remains unclear. Previous studies have found either no relationship between moderate-to-vigorous PA (MVPA) and structural worsening, or found MVPA to be harmful. This lack of agreement may be
explained by their use of traditional regression models, which fail to
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consider that increasing time in one intensity (e.g., MVPA) correspondingly decreases time in the other intensities (i.e., light PA and
sedentary time). Compositional data analysis (CoDA) is an approach
that is uniquely suited for PA data, as it considers the codependence of
different intensities due to the ﬁxed amount of time in a day. For
example, CoDA allows us to predict how increased time spent in MVPA,
with correspondingly less time spent in light PA and sedentary time
(according to their existing ratio), relates to structural worsening over
time. CoDA enables us to elucidate this relationship better than traditional regression models, and can guide future areas of investigation to
further our understanding of the potential consequences of activity on
structural outcomes. The purpose of our exploratory study is to examine
how each intensity of activity (MVPA, light PA, sedentary time), relative
to the other intensities, relates to loss of joint space width (JSW), a
common indicator of structural worsening, over 2 years.
Methods: We used data from the Osteoarthritis Initiative (OAI), a NIHfunded longitudinal cohort study of adults with or at risk for knee OA. A
subset of OAI participants had minute-by-minute accelerometry data
collected via the ActiGraph GT1M Monitor (ActiGraph; Pensacola, FL) at
the 48-month visit, i.e., our study baseline. We restricted our sample to
participants with valid PA data, i.e., 4 days of 10 hours/day of
monitor wear time. We used established cut-points (Troiano) to categorize each minute of wear, then summed the minutes spent in each
intensity of activity: 1) MVPA, 2) light PA, and 3) sedentary time, and
divided by the total minutes of wear time (Equation 1). Next, we used an
established isometric log-ratio (ilr) approach to transform each component (e.g., x1) into a set of two ilr values (e.g., z1a, z1b)(Equation 2). The
ilr values are unconstrained (i.e., no longer sum to 1), fulﬁlling a key
assumption of regression modeling. Only the ﬁrst ilr value contains
information about all three intensities (x1, x2, x3) and is used to
graphically depict the model; the second ilr value must be included in
the model as part of the ilr transformation but is not used for model
interpretation. Most OAI participants had bilateral knee radiographs
and medial JSW (x¼0.250) measures at the 48-month and 72-month
visits, i.e., baseline and 2 years, respectively. We restricted our analysis
to JSW measures that met recommendations for beam angle, tibial rim
distance, and image quality at both time points. We then calculated our
outcome, loss of JSW (mm), as the difference between JSW at baseline
and 2 years. Finally, we examined the relation of each intensity (relative
to the other intensities) to loss of JSW by entering the ilr values for that
intensity into a multiple regression model, along with relevant covariates (age, sex, body mass index [BMI], and baseline JSW). We generated a total of 3 separate regression models, with each model
manipulating time in a speciﬁc intensity (while considering the corresponding changes in other intensities).
Results: We included 969 OAI participants (64.5 years, 56% female, BMI:
28.8 kg/m2) with valid PA data and JSW measures at baseline and 2
years. The compositional regression models (Fig. 1) depict relative
changes in each intensity, so we selected the sample mean composition
(minutes): MVPA ¼ 18, light PA ¼ 284, sedentary time ¼ 677, as our
reference point (x¼0). Thus, each model used differences (in minutes)
from the mean composition to predict changes in loss of JSW (mm). We
found that increasing MVPA was related to lower loss of JSW over 2
years. Interestingly, increasing sedentary time was also related to lower
loss of JSW, while increasing light PA was related to greater loss of JSW.
Conclusions: Contrary to previous studies, our exploratory study found
that increasing MVPA (and correspondingly reducing sedentary time
and light PA) may be related to lower loss of JSW over 2 years. Thus,
engaging in MVPA may beneﬁt adults with or at risk for knee OA. Adults
with knee OA are already encouraged to increase their PA to improve
pain and function, but our ﬁndings indicate that increasing PA, specifically MVPA, may also protect against structural worsening. Conversely,
increasing sedentary time (while reducing light PA and MVPA) seemed
to be related to lower loss of JSW over 2 years. Sedentary time, as
measured by the Actigraph GT1M, includes reclining, sitting, standing,
and very light activities. Sedentary time can also occur in short vs.
prolonged bouts, which may have differential effects on knee joint
health. Therefore, future work should examine how body position and
duration of sedentary bouts affects the relationship between sedentary
time and loss of JSW. Finally, increasing light PA (while reducing sedentary time and MVPA) was related to greater loss of JSW over 2 years.
Increasing light PA at the expense of MVPA is known to provide substantially less health beneﬁts, while a corresponding reduction in sedentary time may also deprive the knee joint of necessary recovery time.

Further work is needed to better elucidate the relationship between
light PA and loss of JSW.
PRESENTATION NUMBER: 79
THE EFFECTS OF INCLINE WALKING ON GAIT ASYMMETRY AND
IMPACT ACCELERATIONS IN PATIENTS WITH KNEE OSTEOARTHRITIS
Z. Masood, D. Kobsar. McMaster Univ., Hamilton, ON, Canada
Purpose: Incline walking provides a more demanding gait environment
as compared to level walking and is used as a rehabilitation exercise for
knee osteoarthritis (OA) patients with quadriceps dysfunction and
atrophy. Unfortunately, the increased demands of incline walking may
lead to unwanted increases in gait asymmetry in this population, but
this has yet to be examined. Therefore, the primary objective of this
study was to i) examine the effects of incline walking on gait biomechanics in adults with knee OA by comparing mean spatiotemporal
parameters and lower limb impact accelerations, as well as the asymmetry of these outcomes. Our secondary objective was to ii) examine
the association between self-reported pain and changes in gait asymmetry between walking conditions. We hypothesized that i) incline
walking would result in increased gait asymmetry and ii) those with
worse self-reported pain would experience more asymmetrical gait in
the incline condition as compared to level walking.
Methods: Data from 34 adults were selected from a research database
(University of Calgary; Running Injury Clinic; Dr. Ferber) for secondary
analysis. All participants selected for the study were radiographically
diagnosed with knee OA. Participants were ﬁtted with six wearable
inertial sensors (iNEMO inertial module, STmicroelectronics, Geneva,
Switzerland; ±16g, 100Hz) using semi-elastic straps bilaterally at the
lateral thigh, lateral shank, and dorsum of the foot, in addition to a
seventh lower-back not analyzed in the current study. The protocol
began with participants ﬁlling out a Knee Injury and Osteoarthritis
Outcomes Score (KOOS) to collect self-reported pain levels. Following
the KOOS assessment, participants walked at a self-selected pace on a
level treadmill (Bertec, Columbus, OH, USA) for approximately 3minutes for an acclimatization period followed by 60s of data collection.
After a short rest, participants completed the same protocol on a 5degree incline treadmill. Mediolateral, anteroposterior, and vertical
peak impact accelerations from the bilateral shank and thigh sensors, as
well as mean spatiotemporal parameters, as determined by foot
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sensors, were compared between level and incline walking using paired
t-tests (a¼0.05). Given our interest in between limb asymmetry, an
asymmetry index (ASI) was calculated for spatiotemporal parameters as
well as 3D peak impact accelerations. The association of pain, a subscale
from the KOOS, and changes in ASIs from level to incline were examined
with a Pearson correlation coefﬁcient.
Results: Participants from the study (18M/16F) had an average age of
57(8) years and a BMI of 26.7(4) kg/m2. We found that incline walking
led to an increase in step time (0.55s to 0.56s; p¼0.002), stride time
(1.09s to 1.11s; p<0.001), and swing time (0.36s to 0.43s; p<0.001),
along with a decrease in stance time (0.73s to 0.69s; p<0.001). We also
observed a decrease in peak mediolateral impact acceleration at the
thigh (0.60g's to 0.48g's; p<0.001), along with a small increase in the
vertical direction at the shank (1.64g's to 1.71g's; p¼0.007) with incline
walking (Fig. 1). Contrary to our hypothesis, we found participants
became more symmetrical during incline walking as seen with an
improved ASI for stance time (3.77% to 1.70%; p<0.001), swing time
(7.41% to 2.72%; p<0.001), and thigh impact acceleration (20.8% to
15.5%; p¼0.016) in the anteroposterior direction (Fig. 2). Lastly, a limited
correlation was only observed between self-reported pain and a change
in step time ASI (r¼-0.35; p¼0.04), thus also contradicting our initial
hypothesis that changes in symmetry with incline walking would be
modulated by pain levels.
Conclusions: Our ﬁndings suggest that incline walking may provide
biomechanical beneﬁts, in addition to previously reported muscle
strengthening effects. Future research should examine if these reduced
mediolateral impact accelerations with incline walking are related to a
reduction in knee adduction moment (KAM) and/or varus thrust, which
may further support the therapeutic beneﬁt to incline walking. In
conclusion, these ﬁndings support the use of 5-degree incline gait as a
safe intervention which does not appear to negatively affect, and may
even improve, the gait of individuals with knee OA.

PRESENTATION NUMBER: 80
KNEE JOINT UNLOADING AND DAILY PHYSICAL ACTIVITY ASSOCIATE
WITH CARTILAGE T2 RELAXATION TIMES ONE MONTH AFTER ACL
INJURY
E. Wellsandt 1, T. Kallman 1, Y. Golightly 2, D. Podsiadlo 1, A. Dudley 1,
S. Vas 1, K. Michaud 1, M. Tao 1, B. Sajja 1, M. Manzer 1. 1 Univ. of Nebraska
Med. Ctr., Omaha, NE, USA; 2 Univ. of North Carolina at Chapel Hill, Chapel
Hill, NC, USA
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Purpose: The risk of osteoarthritis (OA) is high after anterior cruciate
ligament (ACL) injury, but mechanisms underlying its development are
poorly understood. The purpose of this study was to determine if gait
biomechanics and daily physical activity (PA) are associated with cartilage T2 relaxation times, a marker of cartilage quality, one month after
ACL injury. We hypothesized that lower measures of knee joint loading
would be associated with longer T2 relaxation times (less organized
collagen orientation and higher water content). A secondary aim was to
determine if interlimb differences in gait biomechanics and cartilage T2
relaxation times are present within 1 month of ACL injury.
Methods: Twenty-seven ACL-injured participants (15-35 years old)
without acute or degenerative chondral lesions, concomitant grade III
tear to other knee ligaments, or previous injury to either knee were
included. Participants completed quantitative magnetic resonance
imaging (MRI) with T2 mapping of the injured knee followed by the
uninjured knee after sitting for 30 minutes to unload the knee cartilage.
Cartilage was manually segmented into the weightbearing area of the
femoral and tibial cartilage (between anterior and posterior borders of
the meniscus horns), anterior femoral cartilage, and posterior femoral
cartilage in both the lateral and medial tibiofemoral compartment in
addition to the patellar cartilage. Mean T2 relaxation time was calculated in each cartilage region of interest (ROI) using Interactive Data
Language (Harris Geospatial Solutions Inc, Broomﬁeld, CO). A T2
relaxation time interlimb ratio (ILR) was calculated in each ROI (T2 ILR ¼
injured limb/uninjured limb). Participants completed three-dimensional gait analysis at a self-selected walking speed that was maintained
±5% across all trials. A subject-speciﬁc model using height and weight
was created within Visual 3D software (C-Motion, Inc., Bethesda, MD) to
calculate knee ﬂexion angle (KFA) at initial contact, peak KFA (pKFA)
during loading response, and knee excursion (kEXC) (KFA at initial
contact to pKFA). Inverse dynamics were used to calculate external peak
knee ﬂexion moment (pKFM), peak knee adduction moment during the
ﬁrst 50% of stance (pKAM), and the impulse of the KFM and KAM over
the entire stance phase. Knee joint moments were normalized to mass
(kilograms) and height (meters). Positive joint angles represent knee
ﬂexion. Positive joint moments represent knee ﬂexion and adduction,
respectively. Interlimb differences (involved minus uninvolved) were
calculated for joint angles and moments. Participants completed one
week of PA accelerometry using a 3-axis accelerometer (wGT3X-BT;
Actigraph Corporation, Pensacola, FL) worn at the right hip. A valid
week of data required a minimum of four days with at least ten hours of
wear. The PA variable of interest was mean steps per day. Paired t-tests
were used to determine if gait biomechanics and cartilage T2 relaxation
times differed between the injured and uninjured knees. Multiple linear
regression models adjusted for age, sex, and concomitant meniscus
injury were used to determine the association between gait biomechanics and PA with T2 relaxation times. A p-value of 0.05 was set apriori.
Results: Participants were 19.8±5.0 years old, 55.6% were female, and
testing was completed 24.6±4.7 days after ACL injury. Participants
walked 1.38±0.21 meters per second during gait analysis and walked an
average of 6274.6±2500.7 steps per day. Participants walked with
greater knee ﬂexion angles, less kEXC, and smaller pKAM and KAM
impulse (Table 1). There were no interlimb differences in T2 relaxation
times within any cartilage ROI (Table 2). In the lateral tibiofemoral
cartilage, daily step counts, kEXC, and KAM impulse accounted for an
additional 35.8%, 44.8%, and 64.5% of the variability in T2 relaxation
time ILR’s in the weightbearing femoral, posterior femoral, and
weightbearing tibial cartilage, respectively, after controlling for age, sex,
and concomitant lateral meniscus injury (all p0.011). KAM impulse
was the strongest joint loading predictor in the weightbearing femoral
cartilage (b: 0.713, p: 0.001), posterior femoral cartilage (b: 0.799,
p<0.001) and the weightbearing tibial cartilage (b: 0.956, p<0.001).
KAM impulse always positively associated with T2 relaxation times in
the lateral compartment, indicating that asymmetrically lower KAM
impulse in the injured knee was associated with asymmetrically shorter
T2 relaxation times in the injured knee (ILR<1.00). In the posterior
femoral cartilage and weightbearing lateral cartilage, higher step counts
(posterior femoral: b: 0.478, p: 0.035; weightbearing tibial: b: 0.371, p:
0.025) and less kEXC (posterior femoral: b: -0.481, p: 0.026; weightbearing tibial: b: -0.403, p: 0.012) also associated with longer T2
relaxation in the injured knee. In the medial tibiofemoral cartilage, daily
step counts, kEXC, and KAM impulse accounted for an additional 58.3%,
45.1%, and 65.8% of the variability in T2 relaxation time ILR’s in the
weightbearing femoral, posterior femoral, and weightbearing tibial
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KFA at IC (⁰)
pKFA (⁰)
kEXC (⁰)
pKFM (N$m/kg$m)
KFM Impulse (N$m$s/kg$m)
pKAM (N$m/kg$m)
KAM Impulse (N$m$s/kg$m)

Table 1

Uninjured

Difference

95% CI

p

6.7 (5.8)
21.0 (5.9)
14.3 (3.7)
0.36 (0.14)
0.056 (0.022)
0.21 (0.09)
0.071 (0.043)

0.2 (4.2)
18.4 (6.5)
18.2 (4.4)
0.40 (0.18)
0.057 (0.028)
0.28 (0.10)
0.097 (0.044)

6.4
2.6
-3.9
-0.04
-0.001
-0.07
-0.026

4.4 to 8.5
0.5 to 4.7
-5.5 to -2.2
-0.10 to 0.02
-0.010 to 0.007
-0.12 to -0.03
-0.046 to -0.006

<0.001
0.019
<0.001
0.224
0.769
0.003
0.012

Knee ﬂexion angle and sagittal and frontal plane joint moments during gait in each limb is presented for all 27
participants. Values in parentheses are standard deviations. The interlimb difference is presented with its 95%
conﬁdence interval. Boldface numbers indicate statistical signiﬁcance (p-values <0.05). Abbreviations: CI,
conﬁdence interval; p, p-value; KFA, knee ﬂexion angle; IC, initial contact; ⁰, degrees; pKFA, peak knee ﬂexion
angle; pKFM, N, newton; m, meter; kg, kilogram; peak knee ﬂexion moment; KFM, s, second; knee ﬂexion
moment; pKAM, peak knee adduction moment; KAM, knee adduction moment.

LFC - Anterior
LFC - Weightbearing
LFC - Posterior
LTC - Weightbearing
MFC - Anterior
MFC - Weightbearing
MFC - Posterior
MTC - Weightbearing
Patella

Table 2

Injured

Injured

Uninjured

Difference

95% CI

46.8
46.9
42.9
41.7
46.9
46.7
42.3
43.0
39.0

47.1
47.5
42.7
42.6
46.4
46.9
40.8
42.3
39.4

-0.3
-0.6
0.2
-0.9
0.5
-0.2
1.5
0.7
-0.4

-1.5
-2.3
-2.2
-3.2
-1.5
-2.2
-1.4
-1.9
-1.3

(2.9)
(3.3)
(4.4)
(3.7)
(3.7)
(4.0)
(5.6)
(4.1)
(2.6)

(2.7)
(4.3)
(5.2)
(4.6)
(3.6)
(3.6)
(4.5)
(3.7)
(3.1)

to
to
to
to
to
to
to
to
to

p
0.9
1.1
2.5
1.5
2.5
1.7
4.5
3.1
0.6

Mean T2 relaxation times (milliseconds) in the cartilage of each region of interest is presented for all 27 participants. Values in parentheses are standard deviations. The interlimb difference is presented with its 95% conﬁdence interval. Abbreviations: CI, conﬁdence interval; p, p-value; LFC, lateral femoral condyle; LTC, lateral
tibial condyle; MFC, medial femoral condyle; MTC, medial tibial condyle.

cartilage, respectively, after controlling for age, sex, and concomitant
medial meniscus injury (all p0.003). KAM impulse was the only
loading factor of T2 relaxation times in these ROIs (weightbearing
femoral: b: -0.848, p<0.001; posterior femoral: b: -0.720, p¼0.001;
weightbearing tibial: b: -0.901, p<0.001). Unlike the lateral compartment, KAM impulse always negatively associated with T2 relaxation
times in the medial compartment, indicating that asymmetrically lower
KAM impulse in the injured knee was associated with asymmetrically
longer T2 relaxation times in the injured knee (ILR>1.00). The opposite
relationships between the KAM impulse and T2 relaxation times in the
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0.624
0.484
0.897
0.446
0.608
0.826
0.300
0.611
0.468
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medial compared to lateral compartment is illustrated in Fig. 1. Daily
step counts, kEXC, and KAM impulse were not associated with T2
relaxation times in the patellar cartilage after controlling for age, sex,
and medial or lateral meniscus injury (R2: 0.303, R2 change: 0.050, p:
0.700).
Conclusions: At one month after ACL injury, altered KAM impulse, less
kEXC, and higher daily PA were associated with poorer cartilage quality.
Our ﬁndings demonstrate the association between knee joint loading
patterns and cartilage structure immediately after ACL injury. Longitudinal study of acute changes in T2 relaxation times is needed to
determine if alterations are transient (e.g. related to bone marrow
edema patterns) or predictive of future cartilage degeneration. Higher
daily steps were associated with longer T2 relaxation times in the
posterior lateral femoral and weightbearing lateral tibial cartilage.
However, quantitative MRI cartilage markers increase after a day of
normal activity. Thus, our PA ﬁndings may not indicate a detrimental
cartilage response to higher PA but rather a normal physiological
response. Further work is needed to determine if gait biomechanics and
daily PA are modiﬁable targets to improve cartilage quality acutely after
ACL injury and slow progression to OA.
PRESENTATION NUMBER: 81
LOADING DURING MIDSTANCE OF GAIT IS ASSOCIATED WITH
TIBIOFEMORAL ARTICULAR CARTILAGE COMPOSITION FOLLOWING
ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION
E. Bjornsen, T. Blackburn, D. Lalush, C. Lisee, D. Nissman, T. Schwartz,
J. Spang, B. Pietrosimone;. Univ. of North Carolina at Chapel Hill, Chapel
Hill, NC, USA
Purpose: A complex association exists between aberrant gait biomechanics and the development of posttraumatic osteoarthritis (PTOA)
following anterior cruciate ligament reconstruction (ACLR). Therefore, a
comprehensive understanding of the association between gait biomechanics and tibiofemoral articular cartilage composition is needed to
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develop the most appropriate biomechanical interventions to prevent
PTOA post-ACLR. Recent waveform analyses demonstrate that differences in gait biomechanics exist between ACLR patients and uninjured,
matched-controls at multiple portions of the stance phase in the ﬁrst 12
months post-ACLR. Speciﬁcally, ACLR individuals demonstrate lesser
vertical ground reaction force (vGRF) in early (i.e., 1-30% of stance) and
late stance (i.e., 70-100% of stance) and greater vGRF during midstance
(i.e., 33-64% of stance) compared to uninjured counterparts. Unfortunately, the majority of previous literature has focused on the inﬂuence
of peak loading in early stance on PTOA development, leading to a
dearth of knowledge regarding the link between mid and late stance
loading and PTOA development. Therefore, the purpose of this exploratory study was to determine the associations between vGRF, a biomechanical indicator of lower limb loading, throughout the entirety of
stance phase with in vivo estimates of tibiofemoral articular cartilage
proteoglycan density using T1rho magnetic resonance imaging (MRI)
relaxation times in individuals who were 12 months post-ACLR.
Methods: Twenty-three participants (48% female, 22.09±4.09 years old,
24.18±3.30 kg/m2 body mass index) with unilateral ACLR participated in
this cross-sectional study. vGRF was collected barefoot during an
overground walking task at self-selected walking speed across a 6m
walkway. vGRF data were time normalized to 101 unique points of
stance phase between heel strike and toe off and normalized to body
weight (BW). MRI was collected on either a Siemens Magnetom TIM
Trio 3T or a Siemens Magnetom Prisma 3T scanner using a T1rho prepared three-dimensional Fast Low Angle Shot (FLASH) sequence with a
spin-lock power at 500Hz at ﬁve different spin-lock durations (40, 30,
20, 10, 0 ms). Voxel-by-voxel T1rho relaxation maps were constructed
from a ﬁve-image sequence using an in-house program. Anterior, central and posterior regions of interest (ROI) were manually segmented
from the weightbearing the articular cartilage of the medial (MFC) and
lateral femoral (LFC) and tibial (MTC and LTC) condyles. ROI were
determined by the location of the meniscus in the sagittal plane and
included: 1) the articular cartilage communicating with the anterior
horn of the meniscus (anterior MFC/LFC and MTC/LTC), 2) the central
portion of the articular cartilage between the anterior and posterior
horns of the meniscus (central MFC/LFC and MTC/LTC), and 3) the
articular cartilage communicating with the posterior horn of the
meniscus (posterior MFC/LFC and MTC/LTC). Primary analysis utilized a
global weightbearing score for T1rho relaxation times averaged across
the three ROI (anterior, central and posterior) for each condyle. Greater
T1rho MRI relaxation times are interpreted as lesser cartilage proteoglycan density. In an exploratory manner, we conducted our primary
analyses with separate bivariate, Pearson Product Moment correlation
coefﬁcients (r) between T1rho relaxation times for each global region
and vGRF at each 1% increment of stance phase (1-101%). Additionally,
we constructed corresponding 95% conﬁdence intervals (CI) for all
Pearson Product Moment correlation coefﬁcients at each 1% of stance
phase using a Fisher’s transformation. We recognized associations as
weak (r¼0.0 to 0.3), moderate (r¼0.3 to 0.5) or strong (r>0.5). We
focused the discussion of our primary analyses on associations demonstrating Pearson Product Moment correlation coefﬁcients with 95% CI
that did not include zero. For easy visualization purposes, we presented
the magnitude of Pearson Product Moment correlation coefﬁcients and
corresponding 95% CI (y-axis) at each percentage of stance (x-axis) for
each of the femoral and tibial condyles (Fig. 1). If 95% CI were found not
to cross zero for a correlation coefﬁcient in primary analyses of global
weightbearing regions, we conducted secondary Pearson Product
Moment correlation analyses in the same manner as our primary
analyses to further determine whether T1rho MRI relaxation times in a
speciﬁc weightbearing ROI (anterior, central, posterior) were associated
with vGRF.
Results: Greater vGRF during the midstance of gait (46-56% of stance
phase) was associated with greater MFC T1r MRI relaxation times (r
ranging between 0.43 and 0.46) with corresponding 95% CI that did not
include zero (Fig. 1a). Secondary analyses demonstrated that only weak
associations (r ranging between -0.29 and 0.29) were observed between
vGRF and anterior MFC. Greater vGRF was associated with greater T1rho
MRI relaxation times in the central MFC (r ranging between r¼0.43 and
0.50) during midstance (45-55% of stance), while lesser vGRF was
associated with greater T1rho MRI relaxation times in the central MFC (r
ranging between -0.43 and -0.45) during late stance (74-78% of stance).
Greater vGRF was associated with greater T1rho MRI relaxation times in
the posterior MFC (r ranging between 0.43 and 0.54) during midstance
(36-53% of stance). Weak to moderate associations were found in the
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LFC (Fig. 1b), MTC (Fig. 1c), and LTC (Fig. 1d) regions; however, all
associated 95% CIs included zero.
Conclusions: Greater lower extremity loading during midstance demonstrated the strongest associations with articular cartilage T1rho MRI
relaxation times in the MFC. Our secondary analyses further demonstrate that the association between greater vGRF during midstance and
greater T1rho MRI relaxation times was strongest in the central and
posterior MFC ROIs. Adequate loading and unloading of articular cartilage are critical to maintain optimal articular cartilage health. Our data
suggest that inadequate unloading of the articular cartilage during
midstance is linked to lesser proteoglycan density in the MFC postACLR. Previous data demonstrate that individuals with ACLR walk with
a less dynamic vGRF waveform compared to uninjured, matched-controls, characterized by lower vGRF peaks in early and late stance and
greater vGRF in midstance. Therefore, it is possible that dynamically
unloading the lower extremity during midstance may result in optimal
MFC articular cartilage health and promote greater proteoglycan density within the tissue. Overall, our study suggests the relation between
gait biomechanics and tibiofemoral articular cartilage composition
varies across stance phase and future work should evaluate the association between midstance kinetics and PTOA development.

PRESENTATION NUMBER: 82
COMPARATIVE EFFICACY OF BIOMECHANICAL TREATMENTS ON
KNEE OSTEOARTHRITIS PAIN: A NETWORK META-ANALYSIS OF
RANDOMIZED CONTROLLED TRIALS
A. Van Ginckel 1, M. Hall 2, R. De Ridder 3. 1 Ghent Univ./Belgian Hlth.Care
Knowledge Ctr., Ghent/Brussels, Belgium; 2 Univ. of Melbourne, Carlton,
Australia; 3 Ghent Univ., Ghent, Belgium
Purpose: To compare the efﬁcacy of biomechanical treatments intended to reduce biomechanical parameters of knee load, on knee pain
severity in people with medial tibiofemoral osteoarthritis (TFOA).
Methods: We performed a network meta-analysis of randomized
controlled trials. Four electronic databases (PubMed, Embase, CINAHL,
Cochrane Central Register of Controlled Trials) were searched from
inception through to May 2020, as well as grey literature sources (reference lists of eligible articles and relevant systematic reviews, clinical
trial registries (ClinicalTrials.gov, ANZCTR.org.au)). We selected
randomised controlled trials evaluating the effects of customized
shoes, knee braces, insoles, cane or gait retraining, compared to each
other or non-biomechanical treatment, on self-reported knee pain in
symptomatic and/or radiological medial TFOA. Two reviewers
independently extracted data and assessed risk of bias using the
Cochrane Risk of Bias Tool (version 2). A network meta-analysis using
random-effect models was conducted and the Grading of
Recommendations, Assessment, Development and Evaluation
framework used to appraise conﬁdence in the evidence.
Results: Twenty-seven eligible trials involved 2,413 participants and 10
treatment nodes: valgus braces, combined brace treatment (with added
non-biomechanical treatment), wedged insoles, combined insole
treatment, contra-lateral cane use, gait retraining, customized shoes,
neutral biomechanical treatment (neutral or placebo insoles/shoes/
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sleeve), combined neutral biomechanical treatment, and control (no
treatment, non-operative non-biomechanical treatments). Except for
treatment nodes of cane use and gait retraining, the network appeared
well-connected overall.

Conclusions: Except for canes, no biomechanical treatment (in isolation or combination) appeared superior to non-biomechanical treatment for pain relief. Of the biomechanical treatments evaluated,
combination knee brace or insoles treatments most likely reduced pain.
PRESENTATION NUMBER: 83
ASSESSMENT OF GENERALIZED OSTEOARTHRITIS PHENOTYPES IN
THE MULTICENTER OSTEOARTHRITIS STUDY
M.S Yau 1, 2, H. Jonsson 3, 4, J. Lynch 5, C.E. Lewis 6, J.C. Torner 7,
M.C. Nevitt 5, D.T. Felson 8, 9. 1 Hebrew SeniorLife, Boston, MA, USA;
2
Harvard Med. Sch., Boston, MA, USA; 3 Landspitalinn Univ. Hosp.,
Reykjavik, Iceland; 4 Univ. of Iceland, Reykjavik, Iceland; 5 Univ. of
California, San Francisco, CA, USA,; 6 Univ. of Alabama, Birmingham, AL,
USA; 7 Univ. of Iowa, Iowa City, IA, USA; 8 Boston Univ., Boston, MA,
USA; 9 Univ. of Manchester, Manchester, United Kingdom

Fig 1 Network plot including all eligible studies (n¼27). The nodes

and edges are weighted according to the number of treatments and
comparisons available. Brace Comb: combined brace treatment;
Insole Comb: combined insole treatment; Neutral Biomech: neutral
biomechanical treatment; Neutral Comb: combined neutral biomechanical treatment).
Approximately half the studies (n¼14 (52%)) were at high risk of bias.
Most comparisons had low to very low certainty of evidence. With the
exception of canes (standardized mean difference (SMD) [95% CI]: 6.24
[3.58, 8.91]), compared to control, no biomechanical treatment associated with pain. Considering all biomechanical treatments, combined
bracing showed the most pain relief, with signiﬁcant differences versus
brace (-5.87 [-9.48,2.26]), canes (-6.29 [-9.84, -2.73]), gait retraining
(-5.87 [-9.03, -2.71]), insoles (-6.05 [-9.92, -2.19]), isolated (-6.80
[-10.42, -3.18]) and combined (-5.97 [-9.52, -2.41]) neutral biomechanical treatments, shoes (-6.08 [-9.85, -2.31]). Compared to brace,
canes, insoles, gait retraining and neutral biomechanical treatments,
combination insole treatment also signiﬁcantly associated with pain
(SMDs ranging 4.71 to 5.64, favouring combination insole treatment).

Fig 2 Forest plot of all comparisons in the main NMA (n¼45). Positive

treatment effect estimates favour treatment A over B. (Brace Comb:
combined brace treatment; Insole Comb: combined insole treatment; Neutral Biomech: neutral biomechanical treatment; Neutral
Comb: combined neutral biomechanical treatment).Findings of relative efﬁcacy of combined brace or insole treatments remained similar
after exclusion of studies with high risk of bias.

Purpose: Identiﬁcation of systemic biomarkers for knee OA has been
difﬁcult. This may be attributed to the dominating inﬂuence of biomechanics and mechanopathology on knee OA. The study of a generalized OA construct with multiple joint involvement may provide
insights into systemic factors not provided by studies of individual joint
sites. Generalized OA has long been recognized, yet poorly deﬁned.
Many have shown that hand OA may be a key component that is
associated with an increased risk of OA at other joint sites. Deﬁnitions of
generalized OA have often included the co-occurrence of OA at the
hands and knees. However, associations between hand and knee OA
often do not persist after adjustment for age, suggesting that generalized OA is a product of time and not an underlying systemic disease
process. We therefore aimed to determine whether there are knee OA
subtypes that may be used to deﬁne an age-adjusted generalized OA
phenotype.
Methods: We assessed data from the Multicenter Osteoarthritis
Study (MOST), a longitudinal, prospective, observational study of
knee OA in older individuals who have or are at increased risk of
developing knee OA based on weight, knee symptoms, or history of
knee injuries or operations. Starting in 2003, a cohort of 3,026 men
and women aged 50 to 79 years was recruited from a communitybased sample at two clinical centers: University of Alabama, Birmingham and University of Iowa and were comprised of about 20%
African Americans and 55% women. In 2015, a new cohort of 1,525
individuals ages 45 to 69 years with milder OA was recruited for a
baseline visit (equivalent to the 144-month follow-up visit in the
existing cohort). Hand OA was assessed from bilateral hand photographs using the AGES-Reykjavik scoring atlas, which has been validated against radiographic data. A bilateral composite grade
(0¼none, 1¼possible, 2¼deﬁnite, 3¼severe) was scored for each joint
row (DIP, PIP, CMC1) based on the presence of features that indicate
the presence of deﬁnite OA, including hard tissue enlargement,
visible soft tissue swelling, position, and deformity. Grades were
summed to yield an aggregate hand OA severity score. Knee OA was
assessed from bilateral posteroanterior knee radiographs read by two
readers for Kellgren-Lawrence grade (KLG) and individual radiographic features including joint space narrowing grade (JSN) and
osteophyte grade (OST) with an adjudication panel if there was disagreement. We analyzed data from the existing and new cohorts at
the 144-month and baseline visits, respectively. Knee outcomes
included 1) knee OA (KLG  2 in one or both knees), 2) knee OA,
excluding post-traumatic OA (PTOA deﬁned as KLG  2 and history of
knee injury limiting walking for 2 or more days or knee surgery in the
same knee), 3) symptomatic knee OA (KLG  2 and frequent knee
pain in the same knee), 4) PTOA (deﬁned previously), 5) atrophic OA
(JSN ¼ 1 or 2 and sum OST  1 in all compartments), and 6) hypertrophic OA (JSN ¼ 0, 1, or 2 in all compartments and at least one OST
 2 in one or more compartments). We assessed the association
between the aggregate hand OA score with each knee outcome using
a logistic regression. All analyses were adjusted for age and stratiﬁed
by gender and median age.
Results: A total of 1,926 individuals had hand and knee OA measures in
all hand and knee joints. The median age was 63 years (IQR¼55 to 68
years) and about 57% were women. The proportion of individuals with
KLG  2 in one or both knees was 32%. Of these cases, about 35% had
PTOA and 30% had symptomatic knee OA. Prevalence of atrophic and
hypertrophic OA was 18% and 14%, respectively. About 55% had an
aggregate hand OA score  2. The age-adjusted association between
KLG  2 in one or both knees and hand OA did not reach statistical
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signiﬁcance (OR¼1.10, 95% CI¼0.98-1.24) (Table 1). However, after
excluding PTOA cases, the age-adjusted association became stronger
and attained statistical signiﬁcance (OR¼1.16, 95% CI¼1.01-1.33). No
other knee OA outcome reached statistical signiﬁcance except symptomatic knee OA (OR¼1.19, 95% CI¼1.02-1.40). When associations were
stratiﬁed by gender, the association with knee OA that excluded PTOA in
women was the highest and reached statistical signiﬁcance (OR¼1.20,
95% CI¼1.02-1.41). Age-adjusted associations did not reach statistical
signiﬁcance in individuals younger than age 63 years. In individuals
older than age 63 years, associations with knee OA (OR¼1.14, 95%
CI¼1.00-1.30), knee OA excluding PTOA (OR¼1.19, 95% CI¼1.02-1.39),
and symptomatic knee OA (OR¼1.26, 95% CI¼1.05-1.50) were statistically signiﬁcant.
Conclusions: Age-adjusted associations between hand and knee OA
were modest but were strongest when excluding PTOA cases and in
women, painful knees, and older individuals. These ﬁndings underscore
the possibility that the etiology of PTOA may be distinctly different from
generalized OA and should not be included in a generalized construct of
multiple joint OA. The generalized OA phenotype is stronger in women
than men and is present among elders independent of age. Further
reﬁnements in the deﬁnition of generalized OA will likely yield relevant
OA subtypes that provide insights into the systemic contributions to OA.

PRESENTATION NUMBER: 84
RESPONSES TO GAIT RETRAINING USING PRESSURE-BASED
AUDITORY FEEDBACK FOR MEDIAL KNEE OSTEOARTHRITIS
J. He, C. Ferrigno, N. Shakoor, M.A. Wimmer. Rush Univ. Med. Ctr.,
Chicago, IL, USA
Purpose: Pressure-based auditory feedback was employed to facilitate
a gait modiﬁcation in the gait lab and at home in individuals with
medial knee osteoarthritis (OA). We evaluated subjects’ responses
immediately and three weeks post training, as well as their responses
after a three-week washout from feedback. Our primary variable of
interest was the knee adduction moment (KAM), a surrogate measure of
compartmental knee loads. We hypothesized that after training subjects will walk with a lower KAM. A reference group was included to
ensure any observed changes in KAM were due to gait retraining and
not simply due to footwear and/or interaction with the feedback
system.
Methods: The participant-blind, parallel group study with an allocation ratio of 2 feedback: 1 recording (reference) was IRB-approved
and registered on clinicaltrials.gov (NCT02955225). All participants
provided informed consent. Eligible participants were: 40 years
old, BMI38 kg/m2, capable of walking without assistance, knee
pain 6 months, KL grade II or III in the medial tibiofemoral joint,
knee pain >30 mm on the Visual Analog Scale (VAS), no pain in
adjacent joints >20 mm, no presence of systematic inﬂammatory
arthritides, no history of joint replacement, no surgical arthroscopy
or trauma within three months, and no intra-articular injection
within six weeks for cortisone or four months for hyaluronan. An a
priori power calculation, adjusted for potential dropouts, suggested
a recruitment plan of 25 and 15 subjects for the feedback and
recording group, respectively. Each subject received a pair of
standardized shoes (Flex OA, Dr. Comfort) and a smartphone
installed with a customized app. An active wireless, pressuredetecting insole (OpenGo, Moticon GmbH) replaced the original
standardized shoe insole on the index side and an identical but
inactive insole on the contralateral side. The active insole of the
feedback group transmitted lateral pressure data in real-time to the
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smartphone app. Whenever lateral pressures at the time occurrence
of peak KAMs (KAM1 & KAM2 in early and late stance,
respectively) exceeded the preset thresholds, auditory cues were
generated. The thresholds were customized within the range of 7595% depending on individual tolerance before any gait retraining.
Subjects were instructed to avoid the auditory cues by shifting
their plantar pressure medially. The recording group used the
active insole and smartphone app to record pressure during
walking instead of receiving feedback. Both groups practiced their
tasks during a training session as a part of the ﬁrst lab visit. They
continued practicing their group-speciﬁc tasks for 15 min/day and
wore the standardized shoe for 6 hr/day for 6 day/week for three
weeks at home until the Week 3 assessment. Between the Week 3
and 6 assessment, the feedback group underwent a washout of
feedback, by joining the recording group to record pressure
following the same schedule. Each of the three lab visits included a
gait test and surveys of pain (VAS), the Lower Extremity Functional
Score (LEFS), and the Knee Injury and Osteoarthritis Outcome Score
(KOOS). Using traditional marker-based motion analysis (Qualysis &
Bertcec), ﬁve walking trials were acquired at baseline, immediately,
three weeks, and six weeks post-intervention. Baseline trials were
collected in subjects’ own shoes and at their comfortable walking
pace. Baseline and immediate assessments occurred during the ﬁrst
lab visit separated by the training session. For the feedback group,
insole-generated auditory cues were provided during the
immediate assessment but not the Week 3 and 6 assessments.
KAM1 and KAM2 were analyzed using mixed linear models (SAS
University Edition, SAS Institute Inc.). The KAM waveforms were
analyzed using principal component (PC) analysis, and the PC
scores were compared also using the described approach. Any
signiﬁcant ﬁndings were examined post hoc using pairwise
comparisons adjusted for multiplicity using Tukey’s method.
Results: Between Oct 2016 and Dec 2019, 109 out of 654 individuals
passed the phone screening and came to the clinic for informed
consent and further screening. 45 met all eligibility requirements. 30
were randomized into the feedback group and 15 into the recording
group. Six individuals decided not to participate after randomization
and one was determined ineligible after further review, resulting in
38 subjects participating in the ﬁrst lab visit. Baseline characteristics,
gait variables, knee moments, and self-reported outcome measures
were not different between study groups, except a higher knee
ﬂexion moment of the recording group (p ¼ 0.014). 21 out of 26
subjects in the feedback group and all 12 subjects in the recording
group completed all visits. Immediately after feedback training,
KAM1 was 7.3% lower than baseline (-0.23 %Bw*Ht, p ¼ 0.021),
irrespective to the signiﬁcantly reduced cadence (Fig. 1A). Lower
scores of PC1 and PC2 (both p < 0.001) suggested a lower overall
KAM magnitude during stance and a lower ratio between early and
late stance of KAM (Fig. 1B & C), respectively. A signiﬁcant difference
in KAM1 was not retained at Week 3 (p ¼ 0.169) and W6 (p ¼ 0.323),
as between-subject variability increased over time. To review the
varied individual responses, the feedback group was divided into two
subgroups (substantial & partial responders). We veriﬁed the
threshold of 6% in reference to the literature and using a receiving
operating characteristic curve generated by the study data. Changes
in subgroup membership were examined (Table 1). For example,
after three weeks of feedback training, 10 out of 16 subjects remained
in the substantial responder subgroup, and 3 out of 10 subjects
improved and changed their subgroup membership from the partial
responder subgroup. Over the study period, the feedback group
reported less pain on VAS (p < 0.001), and improved symptoms,
physical function relating to daily life, sports and recreation, and
knee-related quality of life (KOOS: p ¼ 0.041, < 0.001, 0.029, 0.040,
respectively). The recording group did not show a signiﬁcant difference in KAM1 (p ¼ 0.0350; Fig. 1A). One subject during all assessments and ﬁve subjects during W3 were considered as substantial
responders. While the recording group reported less pain (VAS, p ¼
0.040), they did not report signiﬁcant changes in other outcome
measures.
Conclusions: Individuals with medial knee OA can use pressure-based
auditory feedback to improve knee loads. Lower KAM1 was evident
immediately post training in the lab. Most subjects maintained or
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improved from their immediate performance after continuing feedback
training at home for three weeks. For some subjects who had less
desirable outcome, future work is warranted to identify biomechanical,
psychological, and behavioral factors that led to the varied responses.
Pressure-based auditory feedback has potential to facilitate gait modiﬁcation outside of a lab environment to enhance and reinforce a gait
modiﬁcation in order to improve knee loads in those with medial knee
OA.

PRESENTATION NUMBER: 85
ELEVATED BLOOD FLOW INDICES ASSOCIATE WITH WORSENED
KNEE OSTEOARTHRITIS SYMPTOMS AND STRUCTURAL DAMAGES
R. Ni 1, Y. Hu 2, X. Guo 2, C. Yan 3, J. Geurts 4, C. Wen 1. 1 The Hong Kong
Polytechnic Univ., Hong Kong, Hong Kong; 2 Columbia Univ., New York
City, NY, USA; 3 The Univ. of Hong Kong, Hong Kong, Hong Kong;
4
Lausanne Univ. Hosp. (CHUV), Lausanne, Switzerland
Purpose: This study aims to investigate whether blood ﬂow dynamics
associate with symptoms and structural damage in human knee
osteoarthritis (OA).
Methods: Female advanced knee OA patients with (n¼18) and without
(n¼13) hypertension participating in the Hong Kong OA Initiative were
included. Hemodynamic parameters including mean arterial pressure
(MAP), pulse pressure (PP) and heart rate (HR) were measured prior to
joint replacement surgery. Among all recruited knee OA patients, 21 out
of 31 had complete blood pressure and clinical records that were used
for further analysis. Knee functionality was assessed using the Knee
Society Knee Scoring system. Joint space width (JSW) and knee alignment (Angle A) were determined by X-ray radiography. JSW was
determined as the distance between the tibial and femoral surfaces at
the midpoints and parallel to the long axis of tibia. Angle A was
measured as the medial angle formed by the mechanical axes of femur
and tibia. Subchondral bone structural parameters, including bone
mineral density (sBMD) and bone volume fraction (BV/TV), were
determined in harvested tibial plateaus by micro-computed tomography. Individual trabeculae segmentation (ITS) was used to segment
trabecular bone into individual plate-/rod-like trabeculae and therefore
to determine microstructural bone parameters plate BV/TV and rod BV/
TV. All data were expressed as mean ± standard deviation (SD). All
statistical analysis was performed with SPSS 25 (IBM, Chicago, IL, USA).
A signiﬁcance threshold of p value < 0.05 was used.
Results: Hypertension was associated with decreased Angle A (95% CI,
-17.64 to -1.71, p ¼0.019) and narrowed medial JSW (95%CI, -3.47 to
-0.03, p ¼ 0.047) (Table 1). Moreover, elevated MAP was linked to
decreased knee society knee score (p ¼ 0.026) (Table 2). The other blood
ﬂow parameters were correlated with subchondral trabecular bone
mass and microstructures on the lateral side where was less damaged.
PP was associated with plate BV/TV (rho ¼ 0.445, p ¼ 0.043) and sBMD
(rho ¼ 0.453, p ¼ 0.045) and HR displayed a negative association with
rod BV/TV (rho ¼ -0.486, p ¼ 0.026) and positive association with sBMD
(rho ¼ 0.507, p ¼ 0.023) (Table 3).
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Conclusions: To conclude, we found that PP and MAP might play different roles in knee OA progression (Fig. 1). PP was associated with knee
structural changes, including both joint gross morphology and subchondral trabecular bone microstructure. Decreased PP caused plateto-rod trabeculae conversion and thus loss of load-bearing function;
increased PP caused trabeculae thickening. On the other hand, MAP had
no effect on the bone structure but played a role on knee symptomatic
changes, especially knee pain. This study concluded that blood ﬂow
indices associate with the structural and symptomatic features of knee
OA. Our ﬁndings open a door for future study to look at the relationship
between hemodynamics and knee OA progression, especially how bone
structural changes in response to cardiac function.
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and VEGF-Axxxb (xxx represents the number of amino acids, from 121 to
206), resulting from alternative splice site selection in exon 8. Distal site
selection and VEGF-Axxxa expression is controlled by Serine/Arginine
Rich Splicing Factor Kinase 1 (SRPK1), which phosphorylates Serine/
Arginine Rich Splicing Factor 1 (SRSF1), inducing its translocation to the
nucleus. In most normal tissues, VEGF-Axxxb isoforms predominate,
with anti-nociceptive and anti-angiogenic functions. In contrast, in
pathological conditions such as inﬂammation and solid tumours,
SRPK1/SRSF1 activation causes VEGF-Axxxa isoforms to predominate,
exerting pro-nociceptive and pro-angiogenic actions. VEGF-A has been
proposed as a therapeutic target in OA. To date, a relation between
VEGF-A and pain in OA has been reported, but there are no published
data on the functionally distinct VEGF-A splice variants. The goal of this
study is to deﬁne patterns of, and relationships between, VEGF-A,
SRPK1, and SRSF1 expression and activation, and pain in human OA.
Methods: Tissues were selected from age- and sex-matched cases in the
Pain Centre Versus Arthritis joint tissue repository. Synovial tissue
samples were matched for macroscopic chondropathy scores in 2
groups (n¼20 per group). The Symptomatic Chondropathy (SC) group
comprised samples from people undergoing total knee replacement
(TKR) for OA knee pain. The Asymptomatic Chondropathy (AC) group
comprised samples collected post-mortem from people who died of
unrelated illness, not known to have sought help for knee pain prior to
their death. Sections were stained for immunoreactivities for SRSF1,
SRPK1, total VEGF-A and the two families of VEGF-A isoforms (a and b).
Expression was estimated as fractional area, and SRSF1 activation was
measured by the degree of nuclear localisation. Some sections were lost
during tissue processing; ﬁnal n values are shown below. Statistical
analyses were performed using Mann-Whitney U tests.
Results: Total VEGF-A, SRPK1 and SRSF1 expression, measured by
fractional area, were signiﬁcantly higher in symptomatic chondropathy
compared to AS group: VEGF-A: SC¼0.39(0.27-0.46), AC¼0.21(0.170.26) (all values are median (IQR), U¼24, p<0.0001, n¼15SC, n¼17AC);
SRPK1: SC¼0.13(0.11 -0.17), AC¼0.10(0.06 -0.13), (U¼67, p¼0.006,
n¼17SC, n¼17AC) and SRSF1: SC¼0.22(0.19 -0.27), AC¼0.15(0.13 -0.18)
(U¼25, p¼0.0001, n¼15SC, n¼16AC). SRSF1 activation, assessed by the
proportions of cells with nuclear localisation, was also signiﬁcantly
higher in symptomatic cases: SC¼45% (35 -52), AC¼28% (16 -39) (U¼36,
p¼0.0005, n¼15SC, n¼16AC). Fractional area of VEGF-A splice variants
were signiﬁcantly higher for VEGF-Axxxa, controlled by activation of
SRPK1/SRSF1, (SC¼0.16(0.14 -0.2), AC¼0.14(0.09 -0.15) (U¼63, p¼0.048,
n¼15SC, n¼15AC)), and signiﬁcantly lower for VEGF-Axxxb
(SC¼0.14(0.12 -0.16), AC¼0.26(0.21 -0.3), U¼15, p<0.0001, n¼13SC,
n¼16AC)). The ratio of VEGF-Axxxb/ VEGF-Axxxa was signiﬁcantly higher
for the AC group compared to the SC group (SC¼0.14(0.12 -0.16),
AC¼0.26(0.21 -0.30), U¼15, p<0.0001, n¼13SC, n¼16SC).
Conclusions: Symptomatic (painful) chondropathy is associated with
increased expression of total VEGF-A and splicing kinase SRPK1, activation of splicing factor SRSF1, and altered proportions of VEGF-Axxxa
and VEGFG-Axxxb in synovium. The higher relative expression VEGFAxxxa isoforms compared to VEGF-Axxxb in the symptomatic chondropathy group supports our hypothesis that activation of SRPK1-mediated alternative splicing mechanisms controlling the VEGF-A splicing
axis occurs in symptomatic OA chondropathy, pushing splicing in favour
of the pro-nociceptive VEGF-Axxxa isoforms, and thereby potentially
contributing to pain.
PRESENTATION NUMBER: 87
EVALUATION OF ARTERIAL STIFFNESS IN PATIENTS AFFECTED BY
HAND OSTEOARTHRITIS: A CROSS-SECTIONAL STUDY

PRESENTATION NUMBER: 86
CHANGES IN THE VASCULAR ENDOTHELIAL GROWTH FACTOR A
SPLICING AXIS IN HUMAN SYNOVIUM ARE RELATED TO ARTHRITIS
PAIN
1

2

2

2

D. Amanitis , S. Shahtaheri , D.F. Mcwilliams , D.A. Walsh ,
L.F. Donaldson 1. 1 Sch. of Life Sci., Univ. of Nottingham, Nottingham,
United Kingdom; 2 Sch. of Med., Univ. of Nottingham, Nottingham,
United Kingdom
Purpose: Vascular endothelial growth factor A (VEGF-A) is a key regulator of vascular growth, permeability, and neuronal function. During
articular inﬂammation in osteoarthritis (OA) there is increased synovial
angiogenesis and upregulation of angiogenic growth factors such as
VEGF-A. VEGF-A comprises of two splice variant families, VEGF-Axxxa

C. Marais, C. Duﬂos, R. Ferreira-Lopez, S. Aouinti, E. Vandelli,
H. Rasoanaivo, Y. Thouvenin, J.-P. Cristol, G.D.U. Cailar, C. Jorgensen,
P. Fesler, Y.-M. Pers. CHU Lapyeronie Montpellier, Montpellier, France
Purpose: An higher cardiovascular (CV) risk and increased mortality
were found in several osteoarthritis studies, in particular for hand
osteoarthritis (HOA) patients. Greater carotid-femoral pulse wave
velocity (PWV), which reﬂect arterial stiffness, is an independent risk
factor for the occurrence of CV events in the general population. An
early detection of CV risk in HOA patients may allow preventive care
management. Our study aimed to measure arterial stiffness in HOA
patients by assessing carotid-femoral PWV in comparison to healthy
patients.
Methods: A prospective cross-sectional study was conducted including
82 patients between 45 to 65 years old in two age/sex matched groups,
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with or without HOA. Patients with current or previous CV disease or
inﬂammatory rheumatism were excluded. A multivariate linear
regression adjusted for age and Systematic COronary Risk Estimation
(SCORE) score was performed.
Results: Independently of age and gender, the HOA group was signiﬁcantly overweight (24.5 kg/m2 versus 22.6 kg/m2; p¼0.042), with
an higher abdominal perimeter (85.33cm versus 77.88cm; p ¼ 0.006).
Furthermore, HOA patients were more sedentary (6/37 versus 1/45; p ¼
0.097), with an higher SCORE score (1.35 versus 0.85; p ¼ 0.047). 20/37
patients had 1erosive joint involvement. The carotid-femoral PWV did
not show statistical difference between the two groups (7.70 m/s in the
HOA group versus 7.20 m/s in the control group; p ¼ 0.084). The results
were similar after adjustment for age and the SCORE score.
Conclusions: Our study did not demonstrate any signiﬁcant increase in
arterial stiffness or worsening of other cardiovascular parameters in
patients with HOA compared to control patients. Nevertheless, HOA
patients had more often a metabolic syndrome phenotype suggesting
the interest to perform a careful and regular screening for CV risk factors.
PRESENTATION NUMBER: 88
INTRA-ARTICULAR INJECTION OF MESENCHYMAL STROMAL CELL
ENCAPSULATED IN MICRO-MOLDED ALGINATE PARTICLES FOR THE
TREATMENT OF POST-TRAUMATIC OSTEOARTHRITIS: PRELIMINARY
STUDY IN RABBIT KNEE
F. Nativel 1, 2, A. Smith 1, M. Marquis 3, D. Renard 3, O. Gauthier 4,
C. Vinatier 1, 5, A. des Rieux 6, J. Guicheux 1, 7, C. Le Visage 1. 1 INSERM
UMR1229 RMeS, Regenerative Med. and Skeleton, Universit
e de Nantes,
ONIRIS, F-44042 Nantes, France; 2 CHU Nantes, Pharmacie Centrale,
PHU-11, F-44093 Nantes, France; 3 UR1268 BIA (BIOPOLYMERES
INTERACTIONS ASSEMBLAGES), INRAE, F-44300, Nantes, France; 4 ONIRIS
Nantes-Atlantic Coll. of Vet. Med., Ctr. de recherche et d'investigation
pr
eclinique (CRIP), F-44300, Nantes, France; 5 UFR Odontologie,
Universit
e Nantes, F-44042 Nantes, France; 6 UCLouvain, Louvain Drug
Res. Inst., Advanced Drug Delivery and Biomaterials, 1200 Bruxelles,
Belgium; 7 CHU Nantes, Pharmacie Centrale, PHU-4 OTONN, F-44042
Nantes, France
Purpose: Mesenchymal Stromal Cells (MSCs) are clinically used for
their anti-inﬂammatory and immuno-modulatory properties and are
considered an attractive tool for the intra-articular (IA) treatment of
osteoarthritis (OA). Considering the risk of cell leakage and death after
IA injection, MSCs encapsulation in cytoprotective hydrogel appears as
a promising solution to overcome these limitations and to provide MSC
with a suitable 3D microenvironment supporting their biological
activity. In this context, the aims of this work were (i) to generate
alginate-based microparticles compatible with IA injection, using a
micro-molding technique, (ii) to assess the in vitro viability and bioactivity of human MSCs encapsulated in alginate microparticles, and
(iii) to evaluate the anti-OA efﬁcacy of microencapsulated human MSCs
in a post-traumatic OA rabbit model.
Methods: Human adipose stromal cells (hASCs) were encapsulated via
a micro-molding method. Cell loading in alginate micro-molded
hydrogel was performed by centrifugation (300g, 2min) followed by
crosslinking with Ca2+. Microparticle size and shape were assessed
using phase-contrast microscopy and digital imaging. Encapsulated cell
number and metabolic activity were determined at day 1 and 7 using
CyQUANT and Presto blue assays, respectively. The ability of encapsulated hASCs to respond to a pro-inﬂammatory stimulus (10 ng/mL TNFa + INF-g or 10% synovial ﬂuid from OA patients (n¼6); 72h) was
measured by assessing the release of various soluble factors into the
supernatant. Prostaglandin E2 (PGE2), Hepatocyte Growth Factor (HGF)
and Transforming Growth Factor-beta (TGF-b) concentrations were
measured using ELISA kits. Indoleamine2,3-dioxygenase (IDO) enzymatic activity was measured through tryptophan-to-kynurenine conversion with photometric determination. The anti-OA efﬁcacy of
microencapsulated hASCs was investigated in a rabbit model after
destabilization of the right joint induced by anterior cruciate ligament
transection (ACLT). Eight weeks after surgery, destabilized joints were
randomly assigned to 4 groups and were injected (26G needle) with
200 mL of either PBS, blank microparticles, non-encapsulated cells (5 x

105 hASCs), or encapsulated cells (5 x 105 hASCs). Six weeks after
injection (i.e 14 weeks post-ACLT), rabbits were euthanized and all
destabilized (right) and sham-operated (left contralateral) joints were
dissected and analyzed for OA severity. Tibial subchondral bone histomorphometric parameters were measured by quantitative microcomputed tomography (micro-CT). Histological sections of samples
were analyzed after Safranin-O staining and quantitatively assessed
according to a modiﬁed OARSI scoring system. Immunohistochemical
detection of NITEGE was performed to assess the extracellular matrix
degradation.
Results: Cylindrical-shaped particles presented a diameter of 150 mm
and a height of 100 mm. While the cell number per particle remained
stable from day 1 to day 7 after encapsulation (18 ± 2 vs 19 ± 2,
respectively), a two-fold increase in cell metabolic activity was
observed. Interestingly, IDO activity, PGE2, HGF and TGF-b concentrations in the supernatant were signiﬁcantly increased by TNF-a and
IFN-g combined stimulation. Osteoarthritic synovial ﬂuids were found
to signiﬁcantly enhance encapsulated hASC secretion of PGE2 but had
no effect on IDO activity. Micro-CT analysis of destabilized joints
revealed signiﬁcant changes of the subchondral bone parameters
compared to the sham operated joints. All destabilized joints exhibited
a signiﬁcantly increased modiﬁed OARSI score compared to sham ones
(4.8±0.4). Of interest, while remaining not statistically signiﬁcant,
destabilized joints injected with encapsulated hASC exhibited a tendency toward a reduced modiﬁed OARSI score when compared to
destabilized joints injected with PBS (7.4±0.4 vs to 8.9±0.2, respectively). Semi-quantitative analyses of NITEGE immunostaining ratio
revealed a signiﬁcant increase in all destabilized joints that were
injected with PBS or blank microparticles, in comparison with sham.
Consistently with our unsigniﬁcant OARSI score data, NITEGE immunostaining in destabilized joints that were injected with non-encapsulated or encapsulated hASC revealed a signiﬁcant marked reduction
in matrix degradation.
Conclusions: In this study, we have generated micro-molded alginate
microparticles and demonstrated the ability of microencapsulated
hASCs to secrete anti-OA factors after treatment with pro-inﬂammatory
cytokines or OA synovial ﬂuids. Our data also strongly suggest that this
encapsulation process allowed hASCs to exert their anti-OA properties
in a rabbit model of post-traumatic OA as evidenced by the slight while
not signiﬁcant reduction in modiﬁed OARSI score and most importantly
the marked and signiﬁcant reduction in NITEGE immunostaining
associated matrix degradation. Whether cell encapsulation in alginate
micro-molded particles will be able to prevent cell death and leakage
after injection as well as sustained reduction in OA severity now
deserves to be further investigated in long-term preclinical experiments.
PRESENTATION NUMBER: 89
ASSOCIATION BETWEEN POPLITEAL ARTERY WALL THICKNESS AND
STRUCTURAL PROGRESSION IN INDIVIDUALS WITH SYMPTOMATIC
KNEE OSTEOARTHRITIS
E. Pontoh 1, F. Cicuttini 1, S. Hussain 1, G. Jones 2, C. Hill 3, A. Wluka 1,
A. Tonkin 1, C. Ding 2, Y. Wang 1. 1 Monash Univ., Melbourne, Australia;
2
Univ. of Tasmania, Hobart, Australia; 3 Univ. of Adelaide, Adelaide,
Australia
Purpose: Osteoarthritis is the most prevalent chronic joint disorder
with multifactorial aetiologies. There has been evidence for the
involvement of vascular pathology in the progression and development
of knee osteoarthritis. Increased popliteal artery wall thickness has
been shown to be a risk factor for cardiovascular disease, being used as a
surrogate marker of atherosclerosis. Previous studies have shown
associations between increased popliteal artery wall thickness and
adverse knee structural changes in community-based adults without
clinical knee osteoarthritis. The aim of this study was to investigate the
association between popliteal artery wall thickness and knee structural
progression and the factors associated with change in popliteal artery
wall thickness in individuals with symptomatic knee osteoarthritis.
Methods: This study included 176 participants from one study site of a
multicentre randomised controlled trial examining the effect of atorvastatin on cartilage volume loss in knee osteoarthritis, where popliteal
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artery wall thickness could be assessed. Participants were aged 40-70
years with symptomatic knee osteoarthritis diagnosed by the American
College of Rheumatology clinical criteria. All participants underwent
magnetic resonance imaging (MRI) of the knee at baseline and two-year
follow-up. Popliteal artery wall thickness, tibial cartilage volume and
bone area, and tibiofemoral bone marrow lesions were measured from
MRI using validated methods. Serum levels of total cholesterol were
measured at baseline and two-year follow-up. Multiple linear regression and binary logistic regression were performed to examine the
association between popliteal artery wall thickness at baseline and
structural changes and to examine the factors associated with change in
popliteal artery wall thickness over two years.
Results: Of the 176 participants, 152 (86.4%) completed the two-year
follow-up. Greater baseline popliteal artery wall thickness was
associated with a lower medial (regression coefﬁcient -12.1 mm3,
95% CI -23.6 to -0.5 mm3; p¼0.039) and lateral (regression coefﬁcient
-15.2 mm3, 95% CI -29.2 to -1.2; p¼0.033) tibial cartilage volume at
baseline, after adjusted for age, sex, body mass index, tibial bone
area, smoking, and vigorous physical activity. Greater popliteal artery
wall thickness at baseline was also associated with increased rate of
medial tibial cartilage volume loss over two years (regression coefﬁcient -0.11%, 95% CI -0.22% to -0.01%; p¼0.034) after adjusted for the
above mentioned confounding variables and intervention (atorvastatin/placebo). In females, greater popliteal artery wall thickness at
follow-up was associated with increased rate of medial tibial cartilage volume loss over two years (regression coefﬁcient -0.20%, 95% CI
-0.38% to -0.03%; p¼0.021), adjusted for age, body mass index, tibial
bone area, and baseline popliteal artery wall thickness. The association continued to be signiﬁcant after additional adjustment for the
randomised intervention, but was no longer statistically signiﬁcant
with additional adjustment for the change in total cholesterol levels
over two years. There was a trend for an association between greater
popliteal artery wall thickness at baseline and worsening of bone
marrow lesions in the lateral compartment over two years (odds ratio
1.08, 95% CI 0.99 to 1.19; p¼0.075). Atorvastatin intervention was
associated with a reduced popliteal artery wall thickness over two
years in males (regression coefﬁcient -1.38, 95% CI -2.36 to -0.40;
p¼0.007), but not in females (regression coefﬁcient 0.51, 95% CI -0.44
to 1.45; p¼0.29).
Conclusions: The ﬁndings of this study showed that greater popliteal
artery wall thickness was associated with structural progression in knee
osteoarthritis, evidenced by an increased rate of tibial cartilage volume
loss and a trend for worsening of bone marrow lesions. These ﬁndings
suggest the involvement of vascular disease in the progression of knee
osteoarthritis and that targeting vascular pathology may provide
strategies for the management of knee osteoarthritis.
PRESENTATION NUMBER: 90
SECRETOMES DIFFER BETWEEN PERIPHERAL BLOOD AND BONE
MARROW-DERIVED PLATELETS
R.C. Dregalla, J.A. Herrera, E.J. Donner. Elite Regenerative Stem Cell
Specialists, Johnstown, CO, USA
Purpose: Platelet rich plasmas and bone marrow aspirates are commonly used in orthobiologics for their pro-proliferative and immunomodulating characteristics via platelet degranulation and cell
secretions. While platelets are derived from megakaryocytes in the
bone marrow, no attention has been paid to the potential beneﬁts of
bone marrow platelets and whether or not their contents differ from
aging platelets in peripheral blood. The aim of our in vitro study was to
characterize the difference in cytokines release from platelets derived
from the peripheral blood and bone marrow over an extended timecourse.
Methods: In the present study, prepared leukocyte-poor peripheral
blood-derived platelets in plasma (LPP) and leukocyte-poor bone
marrow platelets in plasma (BMP) were derived from six donors,
stimulated with calcium chloride, incubated at 37 C and sampled at Day
0, Day 3 and Day 6. At each time point, 15 growth and immunomodulatory factors were quantitated in LPP and BMP.
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Results: The results illustrate that platelets derived from the bone
marrow have a unique secretome proﬁle compared to those of
peripheral blood. Of the 15 cytokines quantitated, we found signiﬁcant
differences in M-CSF, HGF, IL-4, IL-10, IRAP and Arginase-1 levels. Each
of these cytokines have anti-inﬂammatory roles with important
implications in monocyte polarization.
Conclusions: Bone marrow-derived platelets may be useful as a standalone orthobiologic or as an effective adjunct to autologous cell therapies where anti-inﬂammatory and anabolic processes are desired
especially with respect to monocyte function, such as in the treatment
of osteoarthritis.
PRESENTATION NUMBER: 91
OBSERVED EFFICACY OF SUBCUTANEOUS TANEZUMAB OR ORAL
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS IN PATIENTS WITH
OSTEOARTHRITIS: SUBGROUP ANALYSES OF A PHASE 3 STUDY
D.J Hunter 1, S. Radominski 2, S. Rodriguez Ulloa 3, I. Goranov 4,
G. Radunovic 5, C. Chang 6, G. Pixton 7, A. Hickman 8, R.J. Fountaine 8,
M.T. Brown 8, L. Viktrup 9, C. West 8. 1 Univ. of Sydney, Sydney, Australia;
2
, Curitiba, Brazil; 3 Hosp. de Alta Complejidad
Univ.e Federal do Parana
Virgen de la Puerta, Trujillo, Peru; 4 Univ. Hosp. Plovdiv, Plovdiv,
Bulgaria; 5 Inst. of Rheumatology, Univ. of Belgrade, Belgrade, Serbia;
6
Seoul Natl. Univ. Coll. of Med., Seoul Natl. Univ. Bundang Hosp.,
Seongnam-si, Republic of Korea; 7 Pﬁzer Inc., Morrisville, NC, USA;
8
Pﬁzer Inc., Groton, CT, USA; 9 Eli Lilly and Company, Indianapolis, IN, USA
Purpose: Tanezumab, a monoclonal antibody against nerve growth
factor, is in clinical development for the treatment of moderate to
severe chronic pain of osteoarthritis (OA). A randomized, doubleblind, double-dummy, active-controlled phase 3 study investigated
the long-term safety and efﬁcacy of subcutaneous (SC) tanezumab vs
oral nonsteroidal anti-inﬂammatory drugs (NSAIDs) in patients with
hip or knee OA (NCT02528188). Here we examine the efﬁcacy
response after 16 weeks of tanezumab or NSAID across different
patient subgroups.
Methods: Eligible patients were aged 18 years with a body mass
index (BMI) 39 kg/m2 and had radiographically-conﬁrmed OA
(Kellgren-Lawrence grade 2) of the hip or knee; baseline Western
Ontario and McMaster Universities OA Index (WOMAC*) Pain and
Physical Function subscale scores 5; baseline Patient’s Global
Assessment of OA (PGA-OA) of “fair”, “poor”, or “very poor”; a history
of inadequate pain relief with acetaminophen; and inadequate pain
relief with/intolerance to/contraindication to tramadol or opioids or
an unwillingness to take opioids. Patients were on a qualifying,
stable dose of NSAID 30 days before screening. Patients were
randomized to receive SC tanezumab (2.5 mg or 5 mg every 8 weeks)
+ oral placebo matching the NSAID the patient received during
screening, or oral NSAID (twice daily) + SC placebo matching tanezumab for 56 weeks, followed by a 24-week safety follow-up period.
Co-primary efﬁcacy endpoints were changes in WOMAC Pain,
WOMAC Physical Function, and PGA-OA scores from baseline to
Week 16. The proportions of patients with 50% improvement in
WOMAC Pain and Physical Function scores at Week 16 were secondary efﬁcacy endpoints. Efﬁcacy was analyzed post hoc by gender
(female or male), age (<65 or 65 years), race (White, Black, Asian,
or Other), ethnicity (Hispanic or non-Hispanic), and BMI (<25, 25 to
<30, 30 to <35, or 35 kg/m2). P-values were not adjusted for
multiplicity.
Results: A total of 2996 patients (tanezumab 2.5 mg: n¼1002; tanezumab 5 mg: n¼998; NSAID: n¼996) were randomized and treated
with 1 SC dose. In the overall population, 65.2% were female, 66.3%
aged <65 years, 70.0% White, 18.4% Hispanic, and 23.4% had a BMI 35
kg/m2
All patient subgroups, regardless of treatment, demonstrated
improvements in WOMAC Pain, WOMAC Physical Function, and PGAOA scores at Week 16. Overall, improvements in these scores at Week 16
were generally similar in the subgroups of gender, age, race, and BMI
across treatment groups, with some minor differences observed ( Figure
1). Improvements in scores at Week 16 were also generally similar
among ethnicity subgroups (not shown).
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substantially in the gender, age, race, and BMI subgroups ( Figure 2).
Similar Results were observed for the ethnicity subgroups (not shown).
Conclusions: The observed efﬁcacy of subcutaneous tanezumab or oral
NSAIDs in patients with hip or knee OA was generally similar in the
gender, age, BMI, race, and ethnicity subgroups.
*© 1996 Nicholas Bellamy. WOMAC® is a registered trademark of
Nicholas Bellamy (CDN, EU, USA).
Disclosures: The study was sponsored by Pﬁzer and Eli Lilly and Company. Medical writing support was provided by Emily Balevich of Engage
Scientiﬁc Solutions and funded by Pﬁzer and Eli Lilly and Company.
PRESENTATION NUMBER: 92
PHYSICAL THERAPY FOR KNEE OSTEOARTHRITIS IS COST-EFFECTIVE
COMPARED TO INTRA-ARTICULAR GLUCOCORTICOID INJECTION AT 1
YEAR: ANALYSIS FROM A RANDOMIZED CONTROLLED TRIAL
D.I Rhon 1, 2, M. Kim 3, C.V. Asche 3, S. Allison 1, C.S. Allen 4, G.D. Deyle 1.
1
Brooke Army Med. Ctr., JBSA, TX, USA; 2 Dept. of Rehab Med., Uniformed
Services Univ. of Hlth.Sci., Bethesda, MD, USA; 3 Univ. of Illinois Coll. of
Med. at Peoria, Peoria, IL, USA; 4 Coll. of Allied Hlth.Sci., Univ. of
Cincinnati, Cincinnati, OH, USA

A substantial proportion of patients had 50% improvement in WOMAC
Pain and Physical Function scores at Week 16 across treatment groups.
The proportion achieving this response did not appear to differ

Purpose: The purpose of this study was to assess the cost-effectiveness
of physical therapy as an initial treatment strategy for knee osteoarthritis, when compared to an initial strategy consisting of corticosteroid injections.
Methods: Patient-level data were used from a randomized controlled
trial (RCT) that captured health system costs (total and knee-related) and
health-related quality-of-life (HRQoL) based on quality-adjusted-lifeyears (QALYs) for individuals randomized to each intervention. Cost
effectiveness analyses were conducted to determine the incremental
cost-effectiveness ratio (ICER ¼ the incremental cost divided by the
incremental effectiveness), indicating incremental cost per effectiveness
additionally obtained. Bootstrapping with 1,000 replications was
employed to obtain 95% conﬁdence intervals for the ICERs and to address
uncertainty. Acceptability curves of bootstrapped ICERs were used to
identify the proportion of ICERs under the speciﬁc willingness-to-pay
(WTP) level ($50,000 to $100,000). We a priori planned a series of ﬁve
sensitivity analyses (two different EQ5D mapping algorithms, one with
only complete follow-up data at 1 year, and one each excluding those
that eventually received treatment from the other intervention arm). The
original trial was registered at clinicaltrials.gov # NCT01427153.
Results: There were a total of 156 participants (mean age 56.1 years;
48% female), with 78 randomized to each intervention arm (physical
therapy or corticosteroid injection). The mean difference in QALY signiﬁcantly favored physical therapy at 1 year (0.055 95CI 0.004, 0.106).
Despite physical therapy conisting of more visits and greater initial cost,
it was still a cost-effective intervention when compared with corticosteroid injection, The Incremental Cost Effectiveness Ratio was $11,801
(95CI $2317, $343,927) for knee-related medical costs, which is well
below the WTP threshold of $100,000 (percent acceptability with a
WTP of $100,000 ¼ 95.8%). With all sensitivity analyses, the signiﬁcance
of the results remained unchanged.
Conclusions: A course of physical therapy was a cost-effective intervention when compared to a course of glucocorticoid injections for
patients enrolled in this trial. Clinicians should consider that while the
mean cost of delivering physical therapy may be slightly higher than a
course of corticosteroid injections, the mean improvement in QALYs at
1 year may also be higher, which could make physical therapy the
higher-value option despite the additional cost in the begining. These
ﬁndings provide an additional perspective from which to inform
shared-decision making between healthcare providers and patients.
PRESENTATION NUMBER: 93
PATIENT-REPORTED ACTIVITY LIMITATIONS IN HIP AND KNEE
OSTEOARTRITIS IN PRIMARY CARE
T. Moseng 1, H. Dagﬁnrud 1, B. Natvig 2, N. Østerås 1.
Hosp., Oslo, Norway; 2 Univ. of Oslo, Oslo, Norway

1

Diakonhjemmet

Purpose: To ensure delivery of high-quality osteoarthritis (OA) care,
structured care models incorporating evidence-based patient education
and exercise are increasingly being implemented in primary health
care. A goal of such models is to improve patients’ physical function and
coping with daily life demands and activities. Yet, there is limited
knowledge regarding the type and severity of activity limitations
experienced by people with hip and knee OA. The main aim of this
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study was to map activity limitations reported by patients with hip and
knee OA participating in a research study implementing an OA care
model in primary care. A second aim was to investigate potential
changes in self-reported levels of difﬁculty performing these activities
from baseline to after having participated in the physiotherapist-led
patient education and exercise program incorporated in the model.
Methods: A structured OA care model was implemented in six Norwegian municipalities between January 2015 and October 2017, using a
stepped-wedge cluster-randomized controlled design. Implementation
of the model was facilitated by interactive workshops for general
practitioners and physiotherapists (PTs) with an update on OA treatment recommendations and the model of care. The PTs provided a 3hour, group-based patient education program followed by individually
tailored 8-12 weeks exercise with twice weekly 1-hour supervised
group sessions (5-10 patients per PT). Patients with clinically or radiologically veriﬁed symptomatic hip or knee OA 45 years were eligible
for the study. Patients who received the new model of care completed
the Patient Speciﬁc Functional Scale (PSFS) at baseline by identifying
between one and three “important activities that you are unable to do
or are having difﬁculty with because of your hip or knee OA”. The
patients rated their reported activities on an 11-point numeric rating
scale (NRS) ranging from 0 (unable to perform activity) to 10 (perform
activity with no problems). At the follow-up assessment after 12 weeks
the patients re-rated their difﬁculty performing the previously identiﬁed one to three activities. The reported activities were coded using the
International Classiﬁcation of Functioning, Disability and Health (ICF) at
Chapter and Domain (second and third) level. Absolute change in scores
from baseline to follow-up was calculated as the mean score of the one
to three reported activities combined. Change from baseline to followup was investigated using paired samples t-test.
Results: A total of 284 patients in the study received the new model of
care. The mean age of these patients was 63 (SD 10) years, and 211 (74%)
were female. The main affected OA joint was the knee for 174 (61%), the
hip for 100 (35%) and other joints (e.g. hand or ankle) for 9 (3%) patients.
The PSFS was completed by 152 (53%). Of these, 13 patients reported
one activity, 42 reported two activities and 97 reported three activities.
Mean difﬁculty of the reported activities at baseline was 4.1 (SD 1.7). In
total 382 activities were coded with ICF (Table 1). Of these, 362 (95%)
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activities were coded to the Activities and Participation chapter (D). On
second-level, 318 (83%) activities were coded to the Mobility domain
(D4). Whereas on the third-level, the majority of activities were coded
to the domains Changing body positions (d410) (26%), Walking (d450)
(23%) and Moving around (d455) (25%). At 12 weeks, after the patient
education and exercise intervention, the patients reported signiﬁcantly
less difﬁculty performing their self-reported activities (change score
-2.1 (95 % CI -2.5, -1.8), p >0.001) (Figure 1).
Conclusions: The majority of patients receiving a structured OA care
model in primary care identiﬁed activity limitations under the Mobility
domain of ICF. The most used third-level ICF domains were Changing
body positions, Walking and Moving around, highlighting common
activity limitations related to hip and knee OA. After participating in OA
patient education and structured 8-12 weeks of exercise, the patients
reported a statistically signiﬁcant and clinically important improvement in the difﬁculty of performing their individual activities.

PRESENTATION NUMBER: 94
THE OARSI “JOINT EFFORT INITIATIVE” REPOSITORY OF ONLINE
OSTEOARTHRITIS
MANAGEMENT
PROGRAMMES:
AN
IMPLEMENTATION RAPID RESPONSE DURING COVID-19
J.G Quicke 1, L.R. Swaithes 1, L.H. Campbell 1, J.L. Bowden 2, J.P. Eyles 2,
K.D. Allen 3, D.J. Hunter 2, K.L. Bennell 4, H.S. R 4, D. Schiphof 5,
M.V. Hurley 6, N.E. Walsh 7, L.E. Dahlberg 8, D. Bossen 9, K.S. Dziedzic 1. ,
OARSI Joint Effort Initiative Implementation group1 Keele Univ.,
Staffordshire, United Kingdom; 2 Univ. of Sydney, Sydney, Australia;
3
Univ. of North Carolina, Chapel Hill, NC, USA; 4 Univ. of Melbourne,
Melbourne, Australia,; 5 Erasmus Univ., Rotterdam, Netherlands; 6 Saint
Georges Univ. of London and Kingston Univ., London, United Kingdom,;
7
Univ. of the West of England, Bristol, United Kingdom,; 8 Lund Univ.,
Malmo, Sweden,; 9 Amsterdam Univ. of Applied Sci., Amsterdam,
Netherlands
Purpose: 1) To collate into a repository, best-evidence online osteoarthritis management programmes (OAMPS), and 2) facilitate their
implementation, in the context of the COVID-19 pandemic.The Osteoarthritis Research Society International Joint Effort Initiative (OARSI JEI) is a
collaboration between international researchers, clinicians and knowledge brokers with an interest in the implementation of OAMPS. OAMPs are
deﬁned by the OARSI JEI as “models of evidence-based, non-surgical care
that have been implemented in a real world setting and include the following four components: personalised OA care; delivered as a package of
care with longitudinal reassessment and progression; comprising two or
more elements of the core non-surgical, non-pharmacological interventions (education, exercise and weight loss); with optional adjunct
treatments as required (e.g. assistive devices and psychosocial support)”.
In 2020, COVID-19 presented a major barrier to the clinical delivery of
traditional “in-person” OAMPS. In response, the OARSI JEI implementation
group sought to create a repository resource for healthcare professionals
(HCPs) seeking to access and signpost patients with OA to online, highquality OAMPS. The resource also provided access to online HCP training.
Methods: An existing community of practice (OARSI JEI implementation
group) with access to patient and public involvement, was utilised to
create and share an evidence-informed online OAMP repository via social
media and OARSI networks. The project involved 5 key stages. Online
OAMPS resource investigation: International research, implementation
and HCP experts from the JEI implementation group (n¼32) were invited
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to send all online OAMP resources that they were aware of to the
reviewers (LS, JQ). These were captured in a spreadsheet with data
extracted on programme name; country of origin; whether the resource
targeted patients or HCPs; access details relating to required technology,
sign in and any access costs; weblink; brief programme content summary; OARSI expert advocating for the programme quality (including
whether the content is evidence informed). Screening for repository
inclusion: Two reviewers (JQ, LS) screened the resources received against
inclusion criteria (matching the OAMP deﬁnition, remotely deliverable
via the internet, OARSI expert endorsed). Disagreements were resolved
through discussion. Creating the online OA repository resource: Academics
(JQ, LS, KD) provided content and feedback for a knowledge broker (LC) to
create a pdf repository containing included online OAMP information,
weblinks and summary information in the form of an infographic. Rapid
social media knowledge mobilisation: The repository resource was initially
hosted on the Keele Impact Accelerator Unit website and shared on
completion with existing OARSI member JEI networks via social media
(Twitter)(LC). Owners of online OAMPS also promoted their own programmes via social media. Reﬂection and learning: Project method
strengths and limitations were discussed, critiqued and captured during
an OARSI JEI community of practice meeting.
Results: The ﬁnal OARSI online repository included 7 OAMPS and linked
training resources. The online repository is available at: https://www.keele.
ac.uk/pcsc/research/impactacceleratorunit/oamps/JEI%20COVID-19%
20repository.pdf with ongoing plans for hosting on the OARSI website. Fig.1
illustrates the repository cover and Fig. 2 is the infographic repository
summary. A relative dearth of online OAMPS meeting our prespeciﬁed
criteria were identiﬁed which included: ESCAPE pain; The Joint Academy;
JIGSAW-E (for pharmacists and physiotherapists); PEAK: Join2Move;
Osteoarthritis Management Healthy Weight for life. Only JIGSAW-E, PEAK
and the Join2Move app were widely available free resources for HCPs at
the early stage of the COVID-19 pandemic. All online OAMPs were in
English except the Join2Move app which is in Dutch. Content details of
the included online OAMPs and online OAMP HCP training packages are
summarised in Table 1. The initial Twitter launch tweet sharing the
repository infographic and repository link has had 5,679 impressions and
334 engagements to date and has been shared globally. Reﬂections and
limitations: There is an urgent requirement for more high-quality OAMPs
to be freely available for remote delivery and in a wider range of
languages. This has relevance both during the COVID pandemic and more
generally for rural, geographically isolated populations and low- and
middle-income countries. In reacting to an emergency, rapidly evolving,
time-pressured clinical pandemic context, there was a tension in
matching the highest quality methods for searching, evaluating and
synthesising online OAMPs in the shortest possible time. For example, full
systematic review methods were deemed inappropriate and the project
was not explicitly informed a-priori by a protocol or knowledge
mobilisation theory, however, members of the team had knowledge
mobilisation expertise. It is possible that we did not identify all online
OAMPs. For example, no online OAMPS from South America, Africa or
Asia were identiﬁed which may, in part, be explained by the geographical
representation within the community of practice, with participants
mostly from Europe, North America and Australasia. It is acknowledged
that the pragmatic and rapid OAMP resource identiﬁcation, screening and
knowledge mobilisation from this project does not guarantee
implementation into clinical practice. The existence of the OARSI JEI
implementation group facilitated the timely execution of this project
whilst the use of social media allowed the repository to be shared rapidly
with many stakeholders. Future plans include the hosting of the
repository and future JEI work on the OARSI website (to increase resource
access); the formal synthesis of knowledge mobilisation metrics relating
to the online repository and included OAMPS, and; the ongoing review of
repository content in the light of new OAMPS.
Conclusions: The OARSI-endorsed JEI implementation group facilitated
the creation of an online OAMP repository in response to the COVID-19
pandemic and need for remotely delivered care. There is a dearth of
widely available and remotely deliverable OAMPs internationally. This
is likely to present a signiﬁcant barrier to the delivery of best OA care,
especially during COVID-19. OARSI can have a key role in supporting the
implementation of best OA care. There is a need to actively broaden the
diversity and national representation within the JEI implementation
group and increase patient and public involvement to best serve the
international OA populations, particularly from low- and middleincome countries, it seeks to inform.
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Program/target joints

Language Online HCP
training and/or
online patient
OAMP

Professionals
delivering the
OAMP

Core treatments

OAMP delivery/ training
components

Access and costs

ESCAPE Pain-Knee and
hip -Back pain

English

Online patient
OAMP

Various
professionals

Education and
exercise

6-week OAMP. Patient targeted
exercise videos with instructions,
educational videos, progress
monitoring

Online
physiotherapist
training
Online
pharmacist
training
Online patient
OAMP

Physiotherapists

-Online via the ESCAPEpain app -Free for UK
patients where
commissioned -Costs for
facilitator training
-Free online training -Sign
in required

English
JIGSAW-E
(Physiotherapy) -All
joints
JIGSAW-E (Pharmacy) English
-All joints
Joint academy -Knee
and hip

English

Join2move -Knee and
hip

Dutch

Online patient
OAMP

Osteoarthritis
Management
HWFL -People with
OA and BMI>28

English

Online patient
OAMP

PEAK -Knee OA

English

Online
physiotherapist
training and
online patient
OAMP

Table 1

Education, exercise, 6 x10 minute modules of online
weight loss
video learning, links to online
patient education
Pharmacists
Education and
5 x10 minute modules of online
exercise
video learning links to online
patient education
Physiotherapists
Education and
Patient targeted text and videos,
exercise
interactive option of access to a
licensed physiotherapist (encrypted
chat function or telephone),
progress monitoring
Education and
12-week OAMP. Individualised
No professionals
weekly activity assignments, online
involved in delivery exercise
OA education and progress
-fully automated
monitoring.
web-based OAMP
Education, weight
18-week OAMP. Multiple
Allied Health
loss and exercise
communication methods: phone/
Professional team,
SMS/ email/ message board and
programme
mail. Very low-calorie meal
navigators and
replacements, activity plan & 2-way
logistics experts
personal motivation. Progress
monitoring
Physiotherapists
Education and
Physiotherapists: Online
exercise
physiotherapist training on how to
implement PEAK. Patients: 5 oneto-one videoconference
consultations. Online exercise
booklet, OA booklet and knee plan
progress monitoring. Exercise
videos.

Components of included online management programmes and training

PRESENTATION NUMBER: 95
SINGLE CELL RNA SEQUENCING OF DORSAL ROOT GANGLIA
IDENTIFIES
UNDERSTUDIED
DRUGGABLE
TARGETS
FOR
OSTEOARTHRITIS PAIN
R.E. Miller, L. Wang, S. Ishihara, R.J. Miller, A.-M. Malfait. Rush Univ. Med.
Ctr., Chicago, IL, USA
Purpose: Using surgical destabilization of the medial meniscus (DMM) to
induce experimental murine knee osteoarthritis (OA), we have discovered
that joint damage is accompanied by extensive anatomical and functional
neuronal plasticity of intra-articular nociceptors innervating the knee.
Nociceptors are characterized by the expression of the sodium channel,
NaV1.8, and speciﬁc subsets of these neurons have been identiﬁed that are
of particular interest for OA pain, because they are specialized in detection
of noxious mechanical stimuli. These specialized subsets include Mrgprd+
ﬁbers and TH+ ﬁbers (the latter are known as C-low threshold mechanoreceptors, or C-LTMR), and we have shown that these nociceptor subsets are
present in mouse knees with experimental OA. Here, we used sequencing
of the entire transcriptome of single lumbar dorsal root ganglia (DRG) cells,
which contain the cell bodies of knee afferents, in order to identify druggable targets expressed by mechanosensitive nociceptors. In particular, we
sought to identify new targets by focusing on understudied proteins within
the druggable genome (GPCRs, ion channels, kinases). Understudied proteins were deﬁned by: (1) the protein has a low number of publications/
citations, with a Jensen PubMed score of <50 and (2) investigation of the
protein has minimal or no NIH funding.

-Free online training -Sign
in required
-Via an online app platform
-Costs associated with the
service

-Free access via the
Join2move app

-Requires Health insurance
-All products and tools are
home delivered/ online

-Free online
physiotherapist training
-Sign in required -Patient
costs associated with the
service -Accessed via video
conferencing on
Physiotrak/ Zoom

Osteoarthritis
andCartilage

Methods: We collected (ipsilateral) L3-L5 DRG from 11 naïve male mice,
aged 18 weeks. DRGs were acutely isolated from each mouse, pooled.
and separated into a single cell solution following standard protocols.
Single-cell RNA-seq (scRNA-seq) was then performed by using the 10x
Chromium system for single cell sequencing library prep, followed by
Illumina HiSeq sequencing (50bp, paired-end reads). This platform
enables sequencing of the entire transcriptome of thousands of cells
simultaneously. Bioinformatics can then be employed to cluster these
cells into different groups based solely on similarities observed in patterns of gene transcription. Here, sequencing data were ﬁrst processed
using 10X Cell Ranger software, followed by further clustering analysis
using the Seurat R package to identify lists of genes that serve as
markers for different cell types. PANTHER classiﬁcation software was
used to annotate these gene lists in order to identify druggable targets.
Results: The protocol yielded high cell viability (87%), and single cell
sequencing data matched other reports in the literature (Fig 1). In
addition to distinct subpopulations of neurons, including peptidergic and
non peptidergic neurons, Mrgprd+ neurons and TH+ neurons, this
approach also revealed groups of non-neuronal cells present in the DRG,
such as glia, cells derived from blood vessels and immune cells (Fig.1). We
then interrogated the data set to ask whether particular genes were
expressed in any particular cell group. We focused on druggable targets:
G-protein coupled receptors (GPCRs) because they are often promising
drug targets, as well as kinases. Examples are shown in Fig. 2: it can be
seen that the orphan GPCR, Gpr45, is expressed in many types of neurons,
although hardly at all in non-neuronal cells. In contrast, the expression
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pattern of the GPCR Prokr1 (prokineticin receptor 1) is highly localized to
the Mrgprd and TH neuronal populations, indicating that this receptor
may be an interesting target to control pain signaling originating from
these neurons.Examination of the data set also revealed several potential
targets among the class of understudied kinases. For example, the kinase
Hipk4 is hardly expressed at all in the DRG, while Cdc42bpa is highly
expressed in virtually every population of neurons (Fig. 2). On the other
hand, kinases which have highly selective expression patterns could
represent interesting targets for treating OA pain- for example: Cdk15,
which is expressed solely in non-peptidergic and TH neurons, Mapk4
which is expressed mostly in Mrgprd and TH neurons, and Stk32a which
is virtually only expressed in the Mrgprd population.
Conclusions: ScRNA-seq of the knee-innervating DRG provides an
unbiased approach that allows us to access the complete biological
potential of DRGs. Using this approach, we can identify novel druggable
targets preferentially expressed by mechanosensitive Mrgprd+ and TH+
nociceptors. Future studies will employ genetic and pharmacological
approaches to generate proof-of-concept data that targeting these selected gene products produces analgesic effects in mouse models of OA pain.

PRESENTATION NUMBER: 96
DIGITALLY DELIVERED FIRST-LINE OSTEOARTHRITIS TREATMENT
IMPROVES PAIN EQUALLY WELL FOR PARTICIPANTS OLDER THAN
70 AND FOR THOSE IN YOUNGER AGE GROUPS
L.S. Lohmander 1, M. Misini Ignjatovic 2, L.E. Dahlberg 1, H. Nero 1. 1 Lund
€, Sweden
Univ., Lund, Sweden,; 2 Arthro Therapeutics, Malmo
Purpose: Chronic pain is very common among the elderly and comorbid
conditions and risk factors are frequent. Adverse events of commonly
prescribed analgesics such as COX-inhibitors and opioids are particularly
frequent in this patient group, and clinical guidelines advise care in their
use in this age group.First-line osteoarthritis (OA) treatment including

exercise, education and weight control is universally recommended by
treatment guidelines, yet underused. Joint Academy® (JA), is a smartphone application based on the ‘Better management of patients with
OsteoArthritis’ (BOA) concept in Sweden. The program consists of video
instructed and progressive and adaptable exercises, patient education
through text lessons coupled with quizzes, and a continuous asynchronous chat function with a personal physiotherapist. The patient is
supervised during the full participation period, and outcomes are
delivered to both patient and physiotherapist on a regular basis and
stored in the JA database. The digital program is available for patients
with knee and hip OA in Sweden, the UK and the US. The purpose of the
present study was to determine if participation in a 3-month digital ﬁrstline knee and hip OA treatment program resulted in similar improvements in joint pain for different participant age groups.
Methods: Data for all participants that had responded to questions on
pain (NRS 0-10 scale, where 0 indicates no pain and 10 indicates the
worst possible pain) at start and at 3 months together with baseline
demographic data was retrieved from the JA database.
Results: 10500 patients (77% women) were included. Fig. 1 shows the
age distribution of the participants. Table 1 shows descriptive data and
NRS pain at baseline and at 3 months of participation while Fig. 2
illustrates the similar pain response of the 3 age groups at 3 months of
treatment (means and 95% ci, with data points slightly offset).
Conclusions: Our analysis of pain outcome for more than 10 000 participants in a digitally delivered ﬁrst-line OA treatment program shows
that the pain response for the oldest age group (70 and older) is almost
identical to that for the two younger age groups. It is further notable
that those 70 and older account for about 25% of the total number of
participants, suggesting little or no barrier for the oldest age group to
use an eHealth app. First-line OA treatment including exercise and
education that may decrease the need for analgesics is a viable low-risk
treatment alternative also for the oldest.

Characteristics

Age <¼59

Age 60-69

Age >¼70

Reported pain, n
Age, mean (SD)
Female, n (%)
BMI, mean (SD)
Pain baseline
Pain 3 months
Pain change
Pain change, 95% CI

3888
53 (5)
3066 (79)
28 (6)
5.23
3.53
-1.70
-1.61 to -1.79

4022
64 (3)
3109 (77)
27 (5)
5.05
3.29
-1.76
-1.67 to -1.85

2590
74 (4)
1874 (72)
26 (4)
4.97
3.29
-1.68
-1.57 to -1.79

Table 1

Patient characteristics.

Osteoarthritis
andCartilage
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to placebo. This suggests that T2CM may have potential as a pharmacodynamic biomarker for type II collagen degradation. Currently, no
disease-modifying drugs exist in OA. A validated pharmacodynamic
biomarker for type II collagen degradation could promote the development of new disease-modifying OA drugs targeting cartilage repair or
degradation.

PRESENTATION NUMBER: 97
A NOVEL SEROLOGICAL PHARMACODYNAMIC BIOMARKER ASSESSING
TYPE II COLLAGEN DEGRADATION IN OSTEOARTHRITIS PATIENTS
2
€
S.S Groen 1, D. Sinkeviciute 2, C.S. Thudium 3, P. Onnerfjord
,
M. Karsdal 3, A.C. Bay-Jensen 3, S. Holm Nielsen 3. 1 Univ. of Copenhagen,
Copenhagen, Denmark; 2 Lund Univ., Lund, Sweden; 3 Nordic BioSci.,
Herlev, Denmark

Purpose: A major hallmark of osteoarthritis (OA) is the altered cartilage
metabolism and turnover. During cartilage erosion, type II collagen is
cleaved by matrix metalloproteinases (MMPs) generating new protein
fragments, called neo-epitopes. These fragments are released into the
circulation and may reﬂect disease activity, and potentially be utilized
for drug development as pharmacodynamic markers. Currently, there is
a lack of type II collagen biomarkers reﬂecting pharmacologic responses
to therapeutic interventions in OA. A novel immunoassay detecting a
neo-epitope fragment of type II collagen (T2CM), cleaved by MMP-1 and
MMP-13, has recently been developed. The assay is shown to be technically robust and highly speciﬁc for the T2CM neo-epitope. Studies
have indicated that MMP-13 plays a critical role in type II collagen
degradation in articular cartilage in OA and hence, T2CM may serve as a
potential pharmacodynamic biomarker candidate in OA. The aim of this
study was to evaluate the pharmacodynamic property of T2CM in OA
patients treated with oral salmon calcitonin compared to placebo.
Methods: T2CM levels were assessed in serum samples in a subset of
the SMC study, a randomized, double-blind, multi-center, placebocontrolled study where knee OA patients (n¼50) received 0.8 mg oral
salmon calcitonin treatment twice daily for 24 months and compared to
placebo (n¼57). Serum samples were collected at baseline and after 1, 6,
12, and 24 months of treatment. Study samples were collected after
informed consent and approved by local ethical committee in compliance with the Helsinki declaration of 1997. The statistical analysis
included two-way ANOVA with Sidak’s post hoc test for difference
between multiple comparisons of T2CM levels between the OA patients
receiving salmon calcitonin treatment and placebo. Data were adjusted
for differences in body mass index (BMI), sex, and age.
Results: The mean age of OA patients treated with oral salmon calcitonin was 63.9 years (±SD 6.9) and 34% were female, and mean age of
the placebo group was 63.1 years (±SD 6.1) and 45% female. The mean
BMI of the treatment group and placebo was 30.2 (SD±5.1) and 27.9
(SD±3.3), respectively. T2CM levels were signiﬁcantly decreased in OA
patients receiving salmon calcitonin compared to the placebo group
after 1, 6, and 24 months of treatment (p¼0.0285; mean -61.49 ±SD 9.10
vs -33.19 ±SD 8.50, p¼0.084; mean -66.35 ±SD 8.90 vs -41.46 ±SD 8.31,
p¼0.0035; mean -61.73 ±SD 9.49 vs -22.19 ±SD 8.76) (Fig.1).
Conclusions: The novel T2CM assay measured signiﬁcantly decreased
levels of T2CM in OA patients treated with salmon calcitonin compared

PRESENTATION NUMBER: 98
SYNOVIAL FLUID MITOCHONDRIAL DNA AS A BIOMARKER AFTER
NATURALLY OCCURRING INTRA-ARTICULAR FRACTURE
L.A. Seewald, I.G. Sabino, A. Bohner, M.L. Delco. Cornell Univ. Coll. of Vet.
Med., Ithaca, NY, USA
Purpose: Recent studies have established that one of the earliest
responses of cartilage to mechanical injury is mitochondrial dysfunction
in chondrocytes, which may represent an important link between acute
articular trauma, ongoing inﬂammation, and progression to posttraumatic osteoarthritis (PTOA). Our group previously demonstrated that
viable chondrocytes release mitochondrial DNA (mtDNA), a mitochondria-speciﬁc Damage Associated Molecular Pattern (mDAMP), as an acute
phase response to mitochondrial stress. mtDNA CpG islands can bind and
stimulate Toll-Like Receptor-9 when released extracellularly, thereby
promoting an inﬂammatory response. Synovial ﬂuid of joints with
rheumatoid arthritis contains higher concentrations of mtDNA than
normal joints; however, this potential signaling molecule and biomarker
has not yet been investigated in clinical cases of acute articular injury.
Thus, the goals of this study were to investigate if: 1) mtDNA concentration is elevated after cartilage injury in ex vivo and in vivo models of
impact-induced PTOA 2) synovial ﬂuid from equine joints with naturally
occurring intra-articular fracture contain higher concentrations of
mtDNA than clinically normal joints, and 3) radiographic changes in
injured joints are related to synovial ﬂuid mtDNA concentration.
Methods: Ex vivo: Cartilage explants were obtained from the medial
femoral condyles of healthy bovids (n¼3) and placed in media. The
explants were impacted using a handheld impacting device. Explants
were divided into two hemicylinders and a portion were randomly
assigned to receive treatment with SS31, a mitoprotective peptide, 1
hour after impact. Media samples were collected 1, 3, 5, and 7 days after
impact. In vivo: Adult horses (2-5 years, n ¼ 12) were anesthetized and
three focal cartilage injuries were arthroscopically delivered on each
talus by the same handheld impacting device used for ex vivo studies. In
one group (n¼6), both talocrural joints were treated with SS-31 the
same day as joint injury, while the control group received intra-articular
saline. Synovial ﬂuid was collected from each joint before injury and
serially for 6 weeks after injury. Clinical cases: Synovial ﬂuid samples
were obtained from equine patients (predominantly thoroughbred
racehorses, n ¼ 19) presenting for intra-articular (IA) carpal fractures to
either Cornell Hospital for Animals in Ithaca, NY, or Cornell Rufﬁan
Equine Specialists in Elmont, NY. Radiographs (4-views) of the affected
joint were blindly scored for changes associated with joint disease,
including periarticular osteophytes, subchondral bone sclerosis and
lysis, joint space narrowing, fracture conﬁguration and severity, and soft
tissue abnormalities. Synovial ﬂuid was obtained during the course of
standard clinical care, typically during diagnostic arthrocentesis or prior
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to joint distention for arthroscopic surgery. DNA quantiﬁcation: Synovial
ﬂuid was centrifuged immediately following collection and stored at
-80 C. Bovine- and equine-speciﬁc primers for genes located on the
mitochondrial (ND1) and nuclear (GAPDH) genome were designed and
validated using DNA from bovine muscle and equine chondrocytes. DNA
was isolated using a commercially available kit. Mitochondrial DNA
(mtDNA) and nuclear DNA (nDNA) were quantiﬁed using Taqman qPCR.
Ex vivo samples were compared between groups and time points using
a linear mixed model. In vivo samples were compared between time
points using a linear mixed model and within time points using students’ t test. Clinical samples were compared using students’ t test.
Results: Ex vivo: Following impact injury, mtDNA concentration in
bovine cartilage explant conditioned media was signiﬁcantly higher for
explants that received impact with no treatment (IN) than control (C)
explants (p < 0.05). mtDNA concentration for samples that received
impact with treatment (IT) was not statistically different from either the
IN or C groups (Fig. 1). In vivo: Synovial ﬂuid nDNA concentration in
experimentally injured, untreated joints (IN) was elevated compared to
baseline (day 0) at all time points (Fig. 2a). Joints treated with a single IA
injection of the mitoprotective peptide (on day 0, after injury) had
lower nDNA concentrations than untreated joints (Fig. 2a). nDNA in
treated joints was not signiﬁcantly different from baseline at any time
point (Fig. 2a). mtDNA concentration in untreated joints was elevated
compared to baseline at 14, 28, and 42 days (Fig. 2b). mtDNA in treated
joints was not signiﬁcantly different from baseline at any time point and
was signiﬁcantly lower than untreated joints at 14 and 28 days (Fig. 2b).
Clinical cases: Joints with naturally-occurring intra-articular carpal
fractures contained signiﬁcantly higher concentrations of both mtDNA
and nDNA than clinically normal carpal joints (Fig. 3a). Radiographic
scoring revealed that synovial ﬂuid from joints with moderate to severe
soft tissue swelling/joint effusion had signiﬁcantly higher mtDNA
content than joints with mild or no effusion (Fig. 3b).
Conclusions: These data suggest that mechanical cartilage injury produces an increase in synovial ﬂuid mtDNA, which may reﬂect selective
release of mtDNA from live cells or non-speciﬁc release of mtDNA and
nDNA following cell death/rupture. The ﬁnding that nDNA returns to
baseline levels by week six after injury while mtDNA remains elevated
may indicate ongoing, selective release of mtDNA by chondrocytes
undergoing mitochondrial dysfunction associated with early cartilage
degeneration. Mitoprotective therapy effectively prevents increases in
both nDNA and mtDNA, suggesting that this therapeutic modality may
help reduce selective extracellular mtDNA release and/or prevent cell
death following injury. Joints with naturally occurring intra-articular
fractures also contained elevated synovial ﬂuid mtDNA and nDNA
concentrations. Importantly, the magnitude of increase in

concentration was larger for mtDNA than nDNA, so mtDNA may represent a more sensitive method of detecting cartilage injury in clinical
cases of joint disease. Elevated mtDNA concentration in joints with
signiﬁcant soft tissue swelling compared to joints with minimal swelling may indicate that mtDNA release occurs in the acute stage of cartilage injury or that mtDNA release contributes to active joint
inﬂammation. This is the ﬁrst evidence that synovial ﬂuid mtDNA
concentration is elevated in clinical cases of cartilage injury, suggesting
that synovial ﬂuid mtDNA may be a promising biomarker for mitochondrial dysfunction and early cartilage injury. Furthermore, mitoprotection may represent a promising new modality for the treatment
of early joint disease.

PRESENTATION NUMBER: 99
SUBCHONDRAL TRABECULAR BIOMARKERS DERIVED FROM
CONVENTIONAL MRI AND KNEE CARTILAGE VOLUME LOSS:
LONGITUDINAL ANALYSIS FROM OSTEOARTHRITIS INITIATIVE
F. Pishgar 1, A. Ashraf-ganjouei 2, A. Guermazi 3, F.W. Roemer 3,
M. Jarraya 4, S. Demehri 1. 1 Johns Hopkins Univ. Sch. of Med., Baltimore,
MD, USA; 2 Tehran Univ. of Med. Sci., Tehran, Islamic Republic of Iran,;
3
Boston Univ. Sch. of Med., Boston, MA,; 4 Harvard Med. Sch., Boston,
MA, USA
Purpose: To evaluate the association between conventional MRI-based
subchondral trabecular biomarkers and knee cartilage volume loss over
12 and 24 months, using the FNIH osteoarthritis (OA) biomarkers
consortium.
Methods: The demographic, clinical, radiographic, and MRI data of the
600 subjects in the FNIH OA biomarkers consortium (a nested casecontrol study within Osteoarthritis Initiative [OAI]) were extracted from
the online database. Baseline knee MRI (IW sequences) were evaluated
to determine conventional MRI-derived trabecular thickness (cTbTh),
and bone-to-total ratio (cBV/TV). Moreover, the available measurements for medial and lateral volumes of cartilages using baseline and
12- or 24-month knee MRI were extracted from the OAI database and
cartilage volume loss over 1st and 2nd years were calculated by the
Relative Change Index. The association between conventional MRIbased subchondral trabecular biomarkers and cartilage volume loss
were studied using logistic regression models, adjusted for age, sex,
BMI, and baseline medial joint space narrowing grade.
Results: Out of the 600 subjects in this study, 353 (58.8%) were female
(mean age: 61.55±8.88). High medial cTbTh and cBV/TV at baseline
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Biomarker
Loss over the First Year
Medial cTbTh
Medial cBV/TV
Loss over the Second
Medial cTbTh
Medial cBV/TV

S93

Lateral Femoral Cartilage
OR (95% CI), p-value

Lateral Tibial Cartilage
OR (95% CI), p-value

Medial Femoral Cartilage
OR (95% CI), p-value

Medial Tibial Cartilage
OR (95% CI), p-value

0.96(0.81-1.14), 0.668
0.99(0.83-1.18), 0.891

0.93(0.78-1.11), 0.428
0.94(0.79-1.12), 0.512

1.03(0.86-1.23), 0.757
1.12(0.94-1.35), 0.210

1.22(1.02-1.48), 0.029
1.40(1.16-1.71), 0.001

1.08(0.91-1.29), 0.360
1.01(0.85-1.20), 0.903

1.10(0.92-1.32), 0.299
0.99(0.83-1.18), 0.908

1.20(0.98-1.50), 0.090
1.03(0.85-1.26), 0.769

1.30(1.08-1.59), 0.008
1.45(1.19-1.78), 0.001

Medial conventional MRI-derived subchondral trabecular biomarkers and cartilage volumes

were associated with increased odds of medial tibial cartilage volume
loss over the ﬁrst year (ORs: 1.22 [1.02 - 1.48], and 1.40 [1.16 - 1.71] per
1-SD change, respectively) (Table-1). Similar results were observed
between medial cTbTh and cBV/TV and medial tibial cartilage loss over
the second year (ORs: 1.30 [1.08 - 1.59], and 1.45 [1.19 - 1.78], per 1-SD
change, respectively).
Conclusions: Subchondral trabecular biomarkers (higher medial cTbTh
and cBV/TV) are associated with increased medial cartilage volume loss
over 24 months.
PRESENTATION NUMBER: 100
CHAPERONE-MEDIATED AUTOPHAGY IS A HALLMARK OF JOINT
DAMAGE IN OSTEOARTHRITIS
 mez 1, U. Nogueira-Recalde 1, N. Oreiro 2,
I. Lorenzo Go
J. Pinto-Tasende 2, F.J. Blanco 1, 2, B. Carames 1. 1 Cartilage Biology Unit,
~ a, Spain; 2 Complejo
Rheumatology Div.. INIBIC-CHUAC, A Corun
~ a (CHUAC), A Corun
~ a, Spain
Hosp.ario Univ.rio A Corun
Purpose: In osteoarthritis (OA), defects in Autophagy mechanisms are
evident and precede joint damage. Therefore, identifying biomarkers
associated with autophagy defects could facilitate the development of
personalized therapeutic strategies to prevent OA progression.
Methods: A comparative analysis of 35 autophagy genes was performed
~ a (PROCOAC) of
from blood from a Prospective OA Cohort of A Corun
aged non-OA and knee OA patients. Non-OA patients (Age: 61,44 ± 1,16
years; BMI: 25,25 ± 0,52; Females, n¼18) and Knee OA patients (Age:
65,50 ± 1,05 years; BMI: 29,55 ± 0,67; Females, n¼18, OA grade III-IV)
were proﬁled using an autophagy gene expression array by using SYBR
green technology. Conﬁrmatory studies of the candidate genes were
performed in blood from Non-OA patients (Age: 60,13 ± 1,12 years; BMI:
24,85 ± 0,59; Sex: Females; n¼30) and Knee-OA patients (Age: 68,4 ±
1,11 years; BMI: 29,65 ± 0,55; Females; n¼30, OA grade III-IV) by using
Taqman Technology. The candidate gene HSP90AA1 was evaluated as a
potential biomarker in human knee joint tissues (i.e. cartilage, synovium, meniscus and ligaments) with different KL grades (Age: KL0¼
28,3 ± 4,50, n¼3; KL2¼ 77 ± 6,08, n¼3; KL4¼ 62,3 ± 3,05, n¼3) and in
both spontaneous aging (2, 6, 12, 18, and 30 months old, n¼3/each time)
and surgically-induced OA model (10 weeks after surgery, n¼4/each) in
mice by immunohistochemistry. The functional consequences of
HSP90AA1 loss-of-function were studied in T/C28a2 human chondrocytes and in primary human OA chondrocytes. First, we investigated
its role on macroautophagy, FOXO signaling pathway, Chaperonemediated autophagy (CMA), inﬂammation, and cellular senescence by
analyzing gene and protein expression. Moreover, oxidative stress and
cell death by apoptosis were evaluated by ﬂow cytometry. Second, we
evaluated the contribution of CMA to chondrocyte homeostasis by
studying the capacity of CMA to restore proteostasis upon macroautophagy deﬁciency by siATG5.
Results: 15 autophagy-related genes were signiﬁcantly downregulated in blood from knee OA patients compared to non-OA
patients (p<0.05). No signiﬁcant upregulation was found for any
studied gene, although a trend towards upregulation was found for
several genes involved in the mTOR signaling pathway. Four key
autophagy-related genes, including ATG16L2, ATG12, ATG4B and
MAP1LC3B were found signiﬁcant downregulated in knee OA patients
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(p<0.05). Interestingly, HSP90AA1 and HSPA8, chaperone-mediated
autophagy genes involved in stress response and protein folding, were
signiﬁcant downregulated (p<0.001). Conﬁrmatory studies showed a
signiﬁcant downregulation (p<0.001) of MAP1LC3B and HSP90AA1 in
blood from knee OA patients. Remarkably, HSP90A expression was
found reduced in cartilage (medial and lateral), meniscus and anterior
cruciate ligament is associated with OA severity. Moreover, this
reduction was higher in the medial femoral cartilage (p<0.01) compared to lateral femoral cartilage and meniscus (p<0.05), while
HSP90A expression was found increased in synovial membrane and
associated with OA severity. In addition, we observed a decrease of
HSP90A (p<0.01) in spontaneous aging and in surgically induced OA
mice (p<0.05). The functional consequences of HSP90AA1 gene
silencing on T/C28a2 chondrocytes and primary human OA chondrocytes are related to an increase in NFkB, MMP13, and p16 expression (p<0.05). Interestingly, LAMP2A, a key Chaperone autophagy
mediator, HSPA8, LC3 and FoxO1 expression (p<0.01) were upregulated in chondrocytes with HSP90AA1 deﬁciency, which might indicate an early response to maintain homeostasis. On the other hand,
LAMP2A protein is decreased (p<0.05) upon HSP90AA1 deﬁciency,
while LC3II and p62 were increased, indicating a failure in the
autophagy ﬂux that leads to impaired lysosomal degradation. Moreover, p21 and p16, cellular senescence markers and mTOR, the major
negative regulator of macroutophagy, are increased (p<0.05) in
chondrocytes with HSP90AA1 deﬁciency. In addition, genetic deletion
of HSP90AA1 induced oxidative stress by increasing mitochondrial
ROS production and cell death by apoptosis (p<0.05). Pharmacological
inhibition of HSP90 reduces chondrocyte survival indicating the
important role of this chaperone in chondrocyte homeostasis. ATG5
gene silencing in primary OA chondrocytes induces a defect on the
macroautophagy pathway by a reduction on LC3II and an increase on
prbS6, a direct target of mTOR, p62, p16 and p21 after 72 and 120
hours post-transfection. Interestingly, LAMP2A and HSP90A were
found increased, indicating a possible compensative activation of CMA
in response to macroautophagy defects. These results support an
important role HSP90A on chondrocyte homeostasis by a cross-talk
between CMA and macroautophagy revealing its role as a marker
associated with defective autophagy in OA.
Conclusions: Taking together, we identiﬁed HSP90A, a marker of
defective autophagy, as a key regulator of chondrocyte homeostasis,
which shed light to the disease mechanisms relevant in OA. The
development of personalized therapeutic strategies targeting hallmarks
of disease might be useful to prevent OA progression.
PRESENTATION NUMBER: 101
ASSOCIATION
BETWEEN
OSTEOARTHRITIS-RELATED
SERUM
BIOCHEMICAL MARKERS OVER 11 YEARS AND KNEE PAIN IN
MIDDLE-AGED ADULTS
B. Eathakkattu Antony 1, A. Singh 1, L. Blizzard 1, A. Venn 1, G. Jones 1,
J. Burgess 2, V. Parameswaran 2, C. Ding 1. 1 Univ. of Tasmania, Hobart,
Australia; 2 Royal Hobart Hosp., Hobart, Australia
Purpose: In most cases, by the time clinical or radiographic evidence of
osteoarthritis (OA) is established, signiﬁcant and irreversible disease
progression has already occurred, impairing the disease prognosis.
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Serum levels of cartilage and joint-speciﬁc biochemical markers such
cartilage oligomeric matrix protein (COMP), matrix metalloproteinase
(MMP)-3, and hyaluronan (HA) are associated with cartilage degradation, joint tissue degradation, and synovitis in patients with OA. Change
in these OA-related biomarkers may precede the morphological and
clinical manifestations of OA and therefore have been explored as
predictive markers in OA. However, few studies have evaluated the
association of OA-related biomarkers with knee pain in the general
population-based middle-aged adults. Therefore, we aimed to describe
the associations between OA-related biomarkers and knee pain in
middle-aged adults followed up over 10-13 years.
Methods: Childhood Determinants of Adult Health (CDAH) study is a
long-term follow-up of a representative sample of Australian school
kids (Australian Schools Health and Fitness Survey of 1985). Blood
samples were collected during the CDAH-1 study at baseline (year:
2004-06, age: 26-36 years) and 10-13 year follow-up (CDAH-3; year:
2014-2019, age: 36-49 years). Serum samples from baseline (n¼156)
and follow-up (n¼ 167) were analyzed for three OA-related biomarkers
- namely COMP, MMP-3, and HA- using Enzyme-linked immunosorbent
assay (ELISA). Knee pain was assessed using the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) scale during the
CDAH-3 phase. Univariable and multivariable (adjusted for age, sex, and
body mass index (BMI)) zero-inﬂated Poisson (ZIP) regression model
with random effects were used to describe the above associations.
Results: The prevalence of knee pain in the general population-based
middle-aged cohort was 46%. In the multivariable model, adjusted for
age, sex, and BMI, there was a signiﬁcant positive association between
COMP (ꞵ¼0.146, 95%CI: 0.001-0.291; p¼0.049), MMP-3 (ꞵ¼0.013, 95%
CI: 0.001-0.024; p¼0.027), and HA (ꞵ¼0.008, 95%CI: 0.002-0.015,
p¼0.015) with knee pain in middle-aged adults. The increase in knee
pain with per unit increase in COMP, MMP-3, and HA was 15.7%, 1.3%,
and 0.8%, respectively.The overall mean biomarker levels decreased
over 10-13 years; however, the mean knee pain scores were higher in
participants whose COMP and HA levels increased (COMP: 6 (4.32), HA:
3.94 (4.89)) compared to those in whom it decreased (COMP: 2.82
(4.27), and HA: 2.23 (3.60)) during this period. There was a signiﬁcant
positive association between COMP (ꞵ¼0.026, 95%CI: 0.002-0.049,
p¼0.030) and MMP-3 (ꞵ¼0.020, 95%CI: 0.009-0.030, p<0.001) measured at baseline and knee pain assessed after 10-13 year in the middleaged adults.
Conclusions: OA-related biochemical markers such as COMP and MMP3 were positively associated with knee pain in population-based middle-aged adults. These Results suggest that biochemical markers
measured in middle-aged adults can be used as a marker of joint pain.
PRESENTATION NUMBER: 102
A MACHINE LEARNING ANALYSIS IDENTIFIES THREE CANDIDATE
URINE-BASED BIOMARKERS FOR ASSESSING OSTEOARTHRITIS
TREATMENTS
E.D. Johnston. El Camino Coll., Rancho Palos Verdes, CA, USA
Purpose: The purpose of this study was to identify potential biomarkers
to assess the effectiveness of therapies for treating osteoarthritis (OA)
and thereby improve clinical assessments. In the regenerative medicine
ﬁeld, certain therapeutic interventions for OA are assessed primarily
using patient self-reported outcomes such as the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC). Biomarkers can
add an important objective dimension to assessing the effectiveness of
OA therapies.
Methods: A PubMed literature search was ﬁrst conducted to determine
both collagenous and non-collagenous proteins that comprise a large
part of the cartilage extracellular matrix (Fig. 1). Subsequently, the
STRING database (Search Tool for the Retrieval of Interacting Genes/
Proteins database) was used to determine hundreds of proteins known
(or predicted) to interact with each of the 11 cartilage ECM proteins
uncovered in the original literature search. Each of approximately 1,000
proteins discovered in the online STRING protein interaction database
were scored according to the number of cartilage ECM proteins with
which they interact (NBR_Cartilage_Proteins: 1-11), ranging from one
(where the given protein only interacts with one of the cartilage ECM
proteins), to 11 (where the given protein interacts with all 11 of the
cartilage ECM proteins). This set of approximately 1000 proteins was
subsequently compared against a published OA proteomics dataset
(PMID: 29741735) quantifying changes in protein levels in osteoarthritic
joints compared to intact joints). Speciﬁcally, the “absolute median

abundance ratio between degraded and intact samples" was used for
the purpose of understanding potential biomarkers. Since this
variable compares the protein expression in osteoarthritic to healthy
joints, the simpler label of Relative_Protein_OA_Level was used. The
values range from -5 to +4, where a positive value indicates a protein
is much more highly expressed in an osteoarthritic joint. Joining the
STRING and OA proteomics datasets together produces a set of nearly
700 proteins for further investigation as a biomarker candidate.
Machine learning was used to identify potential OA biomarkers. To
objectively determine the number of cluster to sort the nearly 700
proteins into, the NBR_Cartilage_Proteins and Relative_Protein_OA_
Level variables were used as inputs for the average silhouette and gap
statistic measure methods. Next, to sort the protein into clusters, an
unsupervised machine learning (k-means cluster analysis) algorithm
was conducted in R (version 4.0.2, cluster package). Then, a published
dataset recording the urine proteome dataset was used to ascertain
whether clustered proteins are present in urine (PMID: 16948836).
Finally, an independent validation dataset was utilized to verify
Results. This published dataset (PMID: 28091549) conducted urine
proteomics on 50 OA patients and 50 healthy controls to identify
potential OA biomarkers.
Results: Identiﬁcation of candidate proteins for further investigation as
a biomarker began with a search through multiple published articles
examining protein components of cartilage. Eleven proteins were
identiﬁed as important cartilage constituents: COL2A1, ACAN, COL1A1,
COL1A2, COL3A1, FN1, COMP, COL9A1, COL10A1, COL11A1, COL11A2, and
COL14A1. Based on an examination of approximately 25,000 proteinprotein interactions, STRING scored more than 1,000 proteins as interacting with at least one cartilage protein. Nearly 700 of these proteins
are present in the OA proteomics dataset. Selection of the number of
clusters in which to sort proteins was accomplished through domain
knowledge of biological mechanisms guided by results from objective
selection algorithms. The silhouette method (not shown), in which
higher is better, identiﬁed 2 clusters as optimal on purely statistical
criteria. Biologically, such a coarse distinction is not helpful (data not
shown). Three and four clusters are nearly identical on statistical
grounds but again overall broad on biological criteria. Five, six and
seven clusters performed poorly, but eight clusters performed much
better. The gap algorithm (not shown), also a “higher is better” method,
produces a similar result: 8 clusters (k¼8) is an objectively reliable
number of clusters. Both algorithms indicate that using the number of
interactions with core cartilage proteins (NBR_Cartilage_Proteins) and
the amount of change in expression following OA onset (Relative_Protein_OA_Level) to sort the nearly 700 proteins will lead to 8
distinct clusters that are biologically meaningful. Machine learning
deﬁned one of the eight clusters as high in both number of interactions
with cartilage proteins and exhibiting increased expression in OA joints
(Fig. 2). This cluster is composed of 11 proteins: COL1A1, COL1A2,
MMP2, COL5A1, SPARC, LAMB1, BGLAP, POSTN, COL8A1, COL23A1, and
P4HA3. Importantly, the lower bound of this cluster on the Relative_Protein_OA_Level variable is higher than the standardized score of
1.25. Exponentiated, this corresponds to a fold ratio of 1.70, which a key
published research article indicates is indicative of biological relevance.
Comparing these 11 candidate biomarker proteins to a published
dataset reporting a proteomic analysis of urine yields 3 proteins:
COL1A1, COL1A2, and MMP2. Comparing the machine learning results
presented in this paper to the validation data set indicates agreement
that COL1A1 and COL1A2 are promising biomarkers. The current study
also suggests MMP2 to be a promising biomarker but MMP2 does not
seem to have been investigated in the validation dataset.
Conclusions: This study provides suggestive evidence that MMP2,
COL1A1, and COL1A2 could be considered as candidate biomarkers. This
study uses data science techniques to compile a nearly 700 protein
analytic ﬁle based on protein interaction quantiﬁcations with the
STRING database in conjunction with several published databases.
Machine learning clustering algorithms led to identiﬁcation of 3
potential biomarkers, of which two were validated in an independent
dataset, with the other not studied in the validation dataset. A limitation of this machine learning study is that only 2 data sets were used
and that in combination, they only yielded 700 proteins for consideration. Another limitation is that this research does not distinguish
between joint speciﬁc versus global differences in the MMP2, COL1A1,
and COL1A2 protein levels of people with OA compared to healthy
people. A third limitation is that the research does not consider how
MMP2, COL1A1, and COL1A2 protein levels correlate with disease
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progression. For example, when the three protein levels are relatively
equal between people with osteoarthritis and healthy people, does this
signify that OA is reversing, stabilizing, or simply slowing. Nonetheless,
using data science to combine independent datasets followed by
machine learning analytics yields three candidate urine biomarkers for
OA, of which MMP-2 may be a novel ﬁnding.

PRESENTATION NUMBER: 103
L-PGDS DELETION ACCELERATES THE DEVELOPMENT OF AGINGASSOCIATED OSTEOARTHRITIS
Y. Ouhaddi, M. Najar, F. Pare, B. Lussier, M. Benderdour, J.-P. Pelletier,
J. Martel-Pelletier, H. Fahmi. Univ. of Montreal, Montreal, QC, Canada
Purpose: Lipocalin prostaglandin D synthase (L-PGDS) is responsible
for the biosynthesis of PGD2, which has been implicated in the regulation of inﬂammation and cartilage biology. This study aimed to evaluate the effect of L-PGDS deletion on the development of agingassociated osteoarthritis (OA) in mice.
Methods: Cartilage degradation was evaluated by histology. The
expression of MMP-13 and ADAMTS-5 was assessed by immunohistochemistry. Bone changes were determined by microcomputed
tomography (m-CT). Pain related behaviours were assessed using the
von Frey and the open-ﬁeld assays.
Results: L-PGDS deletion promoted cartilage degradation during aging,
which was associated with enhanced expression of extracellular matrix
degrading enzymes MMP-13 and ADAMTS-5, and their breakdown
products, C1,2C, VDIPEN and NITEG. Moreover, L-PGDS deletion
enhanced subchondral bone changes, but had no effect on its angiogenesis. Additionally, L-PGDS deletion increased mechanical sensitivity
and reduced spontaneous locomotor activity. Finally, we showed that
the expression of L-PGDS was elevated in aged mice.
Conclusions: Together, these ﬁndings indicate an important role for LPGDS in aging-associated OA. They also suggest that L-PGDS may constitute a new efﬁcient therapeutic target in OA.
PRESENTATION NUMBER: 104
EFFECT OF DUHUO JISHENG DECOCTION WITH DIFFERENT DOSAGE
FORMS ON RAT OSTEOARTHRITIS MODEL
F.Y. Yuan-yuan, Jr. 1, Y.J. Jie, Sr. 1, D.B. Bo, II 2, L.F. Fang, III 1,
L.X. Xiaowei, IV 1, K.W. Wulin, V 2. 1 Shaanxi Univ. of Traditional Chinese
Med., Xian-Yang, China; 2 Afﬁliated Hosp. of Shaanxi Univ. of Traditional
Chinese Med., Xian-Yang, China
Purpose: Based on the guidance of traditional Chinese medicine theory,
combined with modern scientiﬁc research methods, through the successful establishment of experimental model of knee osteoarthritis in
rats, from the perspective of molecular biology, to compare the effect of
Duhuojisheng Decoction produced by alcohol extract and water
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decoction on rat model, so as to provide experimental basis for the
multiple application of this prescription and promote the development
of Chinese medicine.
Methods: Animal grouping and model making: 90 SD rats were randomly divided into 9 groups with 10 rats in each group. Except the
blank group, the other animals made knee osteoarthritis models of rats.
The speciﬁc methods were as follows: each group used plaster ﬁxation
method to establish rat knee osteoarthritis model. The left knee joint
was ﬁxed in an extension position for 6 weeks to make the left knee
joint unable to move Inﬂammatory model. Administration: after 2
weeks of feeding, the model rats were randomly divided into model
group, and the decoction and alcohol extracts were purchased from the
pharmacy of Afﬁliated Hospital of Shaanxi University of traditional
Chinese medicine, without conﬂict of interest. Duhuo Jisheng Decoction
water decoction low, medium and high dose groups (6.83, 13.67, 27.34
g/kg), Duhuo Jisheng Decoction alcohol extract low, medium and high
dose groups (6.83, 13.67, 27.34 g/kg) and glucosamine hydrochloride
group (1.029 g/kg). The rats in blank group and model group were
intragastrically administered with equal volume of normal saline The
rats were given water for 30 days. The levels of cyclooxygenase (COX),
nitric oxide (NO) and inducible nitric oxide synthase (iNOS) in serum

were decreased (P < 0.05, P < 0.01), the levels of no and in OS in joint
ﬂuid were decreased (P < 0.05, P < 0.05); the level of COX-2 in serum
of Duhuojisheng Decoction group was decreased (P < 0.05, P < 0.01),
the level of no in serum of high-dose group was decreased (P < 0.05),
the level of iNOS in serum of low-dose group was decreased (P < 0.05),
the level of serum iNOS in high-dose group was decreased (P < 0.05)
The levels of no and iNOS were signiﬁcantly decreased (P < 0.05, P <
0.01); the levels of COX-2 and iNOS in serum were signiﬁcantly
decreased (P < 0.05, P < 0.01), and the levels of COX-2 and iNOS in
joint ﬂuid of medium dose group were decreased (P < 0.05, P < 0.01),
and the levels of no in synovial ﬂuid of all dose groups were decreased
(P < 0.05, P < 0.01). There was no signiﬁcant difference in serum levels
of COX-2, no and iNOS between low-dose, medium dose and high-dose
groups of Duhuojisheng Decoction (P > 0.05); the level of COX-2 in
joint ﬂuid of Duhuojisheng Decoction group was signiﬁcantly lower
than that of water decoction group (P < 0.05); the level of serum COX2 in low-dose group of Duhuojisheng decoction was signiﬁcantly lower
than that in water decoction low-dose group (P < 0.05) The level of
iNOS in synovial ﬂuid of Duhuojisheng Decoction group was signiﬁcantly higher than that of high-dose group (P < 0.01). Table 1 Effect
of Duhuojisheng Decoction on serum COX-2, no and iNOS ()

Group

Number of animals

Dose(g/kg)

COX-2(U/L)

NO(mmol/L)

iNOS(U/L)

Blank
Model
Glucosamine hydrochloride
Low dose Decoction
Decoction medium dose
High dose Decoction
Low dose ethanol extraction
Medium dose ethanol extraction
High dose ethanol extraction

10
10
10
10
10
10
10
10
10

1.029
6.83
13.67
27.34
6.83
13.67
27.34

8.43±3.95
19.72±11.64*
11.02±4.97▲
11.22±5.93▲
6.98±2.96▲▲
9.76±2.09▲▲
5.69±3.04▲▲
3.79±2.93▲▲
9.06±4.97▲

26.94±8.01
58.99±24.12**
28.83±18.01▲▲
45.06±36.87
43.48±26.78
36.76±24.07▲
59.07±31.93
57.03±27.08
39.78±3.05

0.98±0.49
2.73±1.14**
1.73±1.69
1.42±1.09▲
1.67±0.95
1.78±1.03
1.08±0.96▲
1.30±0.70▲
1.52±1.45▲

Note: compared with the blank group, P<0.05, ** P<0.01; compared with the model group,
no and iNOS

▲

P<0.05,▲▲P<0.01 Table 2 Effect of Duhuojisheng Decoction on serum COX-2,
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Group

Number of animals

Dose(g/kg)

COX-2(U/L)

NO(mmol/L)

iNOS(U/L)

Blank
Model
Glucosamine hydrochloride
Low dose Decoction
Decoction medium dose
High dose Decoction
Low dose ethanol extraction
Medium dose ethanol extraction
High dose ethanol extraction

10
10
10
10
10
10
10
10
10

1.029
6.83
13.67
27.34
6.83
13.67
27.34

20.32±10.06
36.73±10.03**
27.91±10.17
32.18±7.04
38.70±11.95
29.61±7.53
24.79±9.57
23.82±9.47▲A
30.06±9.96

50.38±24.92
88.66±23.94**
65.08±25.18▲
81.29±24.08
67.23±24.45
51.92±24.02▲
57.89±16.44▲A
52.03±16.93
57.68±21.08▲

3.45±0.73
6.02±1.71**
5.09±2.01▲
7.05±1.41
5.54±2.09
3.47±1.44▲▲
7.04±1.40
7.19±1.92
5.45±0.69AA

Note: compared with the blank group, P<0.05, ** P<0.01; compared with the model group,
Decoction,A P<0.05, AA P<0.01

▲

P<0.05,

▲▲

P<0.01; comparison with Duhuo Jisheng

Osteoarthritis
andCartilage
and synovial ﬂuid of rats were observed after intragastric administration of the drugs produced by the two processes.
Results: Compared with the blank group, the levels of COX-2, no and
iNOS in serum and synovial ﬂuid of model group were signiﬁcantly
increased (P < 0.05, P < 0.01). Compared with the model group, the
levels of serum COX-2 and no in glucosamine hydrochloride group

Conclusions: 1. Alcohol extract Duhuojisheng decoction can signiﬁcantly reduce the content of COX-2, no and iNOS in serum and joint
ﬂuid of rats with knee osteoarthritis, delay cartilage degradation and
improve knee joint function; 2. Alcohol extract of Duhuo Jisheng
decoction can reduce clinical workload and improve safety, which is
reasonable to replace Decoction; 3. Duhuo Jisheng decoction can be
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used as KO A patients with alternative treatment, enrich the treatment
of KOA patients.
PRESENTATION NUMBER: 105
EFFECTS OF DANGGUI INJECTION COMBINED WITH SODIUM
HYALURONATE INJECTION ON EXPRESSION OF INFLAMMATORY
FACTORS AND BC-L2 RNA AND BAXRNA IN CHONDROCYTES OF
RABBIT MODEL OF KNEE OSTEOARTHRITIS
Z. Liang, Sr. 1, B. Dong, Sr. 2, Z. Wang, Sr. 2, P. Yuan, Sr. 2, W. Kang, Sr. 2,
J. Yao 3. 1 Dept. of Integrated Chinese and Western Medicine, Shaanxi Univ.
of Chinese Med., Xianyang, China,; 2 Dept. of Orthopedic, Afﬁliated Hosp. of
Shaanxi Univ. of Chinese Med., Xian Yang, China,; 3 Dept. of Nursing,
Shaanxi Univ. of Chinese Med., Xian Yang, China
Purpose: To observe the effects of Danggui injection combined with
sodium hyaluronate injection on the expressions of inﬂammatory factors interleukin-1 (IL-1), tumor necrosis factor (TNF-a) and chondrocytes BC-L2 RNAand BaxRNA in serum and synovial tissue of rabbit
models of knee osteoarthritis.
Methods: 50 healthy male New Zealand white rabbits, each weighing
3±0.2kg, had no signiﬁcant difference (P>0.05).The group was divided
into groups by the random number table method, including 10 in the
normal group, 10 in the model group, 10 in the Danggui injection group
(AG), 10 in the sodium hyaluronate group (SH), and 10 in the Danggui
injection combined sodium hyaluronate group (AG+SH).Except normal
group control the rest of the four groups were surgically cut copy right
knee ligament rabbit knee osteoarthritis model, articular cavity injection of 0.3 ml saline model group, AG group of articular cavity injection
of angelica sinensis injection 0.3 ml, intra-articular injection of sodium
hyaluronate injection of SH group 0.3 ml group and AG + SH angelica
injection injection of 0.15 ml + 0.15 ml of sodium hyaluronate, injection
once a week, for 5 weeks in a row. After 6 weeks, rabbits were sacriﬁced
and the levels of IL-1 and TNF-a in serum and synovial tissues of 5
groups were detected. The expressions of Bcl-2RNA and BaxRNA genes
in rabbit cartilage tissues were detected by real-time ﬂuorescence
quantitative PCR.
Results: The levels of IL-1 and TNF-a in serum and synovial tissue of AG
group, SH group and AG+SH group were signiﬁcantly lower than those
of the model group, and the levels of AG+SH group were the closest to
those of the normal group. The expression of BaxRNA in chondrocytes
in the AG, SH and AG+SH groups was signiﬁcantly lower than that in the
model group, and the decrease was more signiﬁcant in the AG+SH
group.The expression of BC-L2RNA in chondrocytes of AG group, SH
group and AG+SH group was all higher than that of the model group,
and the expression of BC-L2RNA in AG+SH group was signiﬁcantly
higher than that of AG group and SH group (P<0.05).
Conclusions: Angelica injection combined with sodium hyaluronate
injection can inhibit the expression of IL-1 and TNF-a, and reduce
synovial inﬂammation. Meanwhile, by down-regulating the pro-apoptotic gene BaxRNA in chondrocytes, the expression of anti-apoptotic
gene Bcl-2RNA was up-regulated, so as to delay the apoptosis of
chondrocytes and degeneration of articular cartilage

PRESENTATION NUMBER: 106
CLINICAL EFFICACY OF WARM ACUPUNCTURE IN THE TREATMENT
OF KNEE OSTEOARTHRITIS (COLD-DAMP PARALYSIS) AND ITS
EFFECT ON PAIN LEVEL
B. Dong, Sr. 1, H. Yin, Sr. 2, P. Yuan, Sr. 3, J. Yao 4, Z. Wang, Sr. 1,
W. Kang, Sr. 1. 1 Dept. of Orthopedic, Afﬁliated Hosp. of Shaanxi Univ. of
Chinese Med., XianYang, China; 2 Dept. of Integrated Chinese and
Western Medicine, Shaanxi Univ. of Chinese Med., XianYang, China;
3
Dept. of Orthopedic, Afﬁliated Hosp. of Shaanxi Univ. of Chinese Med.,
XianYang, China; 4 Dept. of Nursing, Shaanxi Univ. of Chinese Med.,
XianYang, China
Purpose: To observe the clinical efﬁcacy of warm acupuncture in the
treatment of knee osteoarthritis (cold and damp paralysis) and its effect
on pain level.
Methods: Eighty patients with osteoarthritis of the knee (cold and damp
paralysis) were selected and randomly divided into an observation group
and a control group, with 40 cases in each group. The control group was
treated with sodium vitreous acid joint injection, once a week for 5 weeks.
The observation group was treated with warm acupuncture and moxibustion, choosing mill needles in the Zu San Li, Liang Qiu, Yang Ling Quan,
Yin ling Quan point straight prick 1 inch, in the Du Bi, Nei Xi Yan oblique
prick 1.5 inch, leave the needle for 20min, leave the needle during the
period, the moxa group Xiang on the needle handle on ﬁre. Each acupuncture point moxibustion two strong, weekly treatment once, continuous treatment for 5 weeks. The VAS score, Lysholm knee score, tumor
necrosis factor-ɑ (TNF-ɑ), interleukin-6 (IL-2) and interleukin-10 (IL-10)
levels were compared before and after treatment in the two groups.
Results: After 5 weeks of treatment, VAS scores were reduced in both
the observation and control groups, and the level of VAS score reduction
was higher in the observation group than in the control group (p<0.05);
after treatment, Lysholm knee scores were higher in both the observation and control groups than before treatment, and the observation
group was higher than the control group (p<0.01); after treatment,
TNF-ɑ levels were lower in both the observation and control groups
than before treatment (p< 0.01), IL-2 and IL-10 levels were all higher
than before treatment (p<0.01), and the magnitude of change was
greater in the observation group than in the control group (p<0.01).
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Conclusions: Both warm acupuncture and sodium vitreous acid joint
cavity injection for knee osteoarthritis (cold and damp paralysis) can
relieve the degree of knee pain, but warm acupuncture improves knee
function more signiﬁcantly and has better clinical efﬁcacy, and its
mechanism of action may be related to the inhibition of TNF-ɑ and
activation of IL-2 and IL-10.

and COX-2 expression in cells under HG+IL 1b condition (n¼3; p< 0.05),
but scare effects were detected in cells under NG+IL 1b. Accordingly, ROS
production and NF-kB activation induced by IL-1b were only signiﬁcantly
attenuated by H2S donors in chondrocytes incubated in HG.
Conclusions: The Results indicate a reduction of H2S synthesis as a
critical feature involved in hyperglucidic-mediated dysregulation of
articular chondrocytes. The impairment of H2S signalling in the cartilage could participate in the mechanisms underlying the predisposition
to OA development in diabetic individuals and may open new opportunities for treating patients with a diabetes-related OA phenotype.

PRESENTATION NUMBER: 107
IMPAIRMENT OF H2S SYNTHESIS IN CARTILAGE FROM DIABETES
TYPE II PATIENTS AS AN UNDERLYING MECHANISM THAT FAVOURS
OSTEOARTHRITIS PATHOGENESIS

PRESENTATION NUMBER: 108
MICRONIZED DEHYDRATED HUMAN AMNIOTIC MEMBRANE
INHIBITS CANONICAL WNT/b-CATENIN SIGNALING PATHWAY IN
CYTOKINE STIMULATED HUMAN ARTICULAR CHONDROCYTES AND
DOWNREGULATES
HYPERTROPHIC,
CATABOLIC
AND
INFLAMMATORY FACTORS

M. Molinero 1, A. Sobrido 1, N. Goyanes 1, R. Meijide-Failde 2, F. Blanco 1,
n en Reumatología (GIR),
C. Vaamonde Garcia 1, 2. 1 Grupo de Investigacio
n Estrat
n Biom
Agrupacio
egica CICA-Inst. de Investigacio
edica (INIBIC), A
~ a, Spain,; 2 Univ. of A Corun
~ a, A Corun
~ a, Spain
Corun
Purpose: Epidemiological and experimental ﬁndings indicate that type
2 diabetes is an independent risk factor of osteoarthritis (OA). However,
the mechanisms underlying the connection between both diseases
remain unclear. Changes in the balance of hydrogen sulﬁde (H2S) play
an important role in the pathogenesis of diabetes and its complications.
Likewise, we and other authors have observed a protective impact of
H2S induction on activation of pathological pathways in osteoarthritic
chondrocytes. In this study we examined the modulation of H2S levels
in serum and chondrocytes from OA/non-OA diabetic (DB) or non-diabetic (non-DB) patients and in cell under glucose stress, in order to
elucidate whether impairment in H2S-mediated signaling could participate in the onset of diabetes-related OA.
Methods: Serum and chondrocytes were isolated from OA/non-OA
cartilage of diabetic (DB) or non-diabetic (non-DB) patients. Serum
levels of H2S were measured by an ion-selective microelectrode. Primary chondrocytes and T/C28a2 were stimulated w/o IL-1b (5 ng/mL)
under a normal (5.5 mM; NG) or a high (25 mM; HG) glucose environment. Gene and protein expression of enzymes involved in H2S
synthesis (cystationine g-liase [CSE], cystationine b- synthase [CBS],
and 3-mercaptopyruvate sulfurtransferase [3-MT]) and heme oxygenase 1 (HO-1) were assessed by RT-qPCR and WB, respectively. To
determine the involvement of H2S in catabolic pathways activated by
HG in chondrocytes, NaSH and GYY 4137 (500 mM), a fast and slowreleasing H2S donor respectively, were employed. Finally, reactive
oxygen species (ROS) production and NF-kB activation were assessed
using dihydroethidium (DHE) and immunoﬂuorescence, respectively.
Results: H2S levels in serum from OA-DB patients were signiﬁcantly
lower than in those from non-OA-DB patients (p< 0.05). Likewise, fresh
isolated chondrocytes from OA cartilage of diabetic patients showed
lower levels of H2S synthesizing enzymes (CBS and CSE) than those of
non-DB patients (Figure 1). T/C28a2 cells exposed to HG stress expressed
lower mRNA and protein levels of these 3 enzymes after 3 days of
incubation than in those incubated in NG conditions (0.41- fold and 0.83fold [CSE], 0.42-fold and 0.66-fold [CBS], and 0.52-fold and 0.79-fold [3MT] for mRNA and protein expression, respectively; n¼6, p< 0.05).
Similar results were found in primary chondrocytes incubated in HG in
the presence of IL-1b (p< 0.05). Additionally, the expression of IL-6 and
COX-2 induced by IL-1b was signiﬁcantly higher in primary chondrocytes
under HG than NG condition (n¼5, p< 0.05); whereas protein levels of
anti-oxidant enzyme HO-1 were reduced in HG exposed cells. GYY 4137
and NaSH co-treatment recovered HO-1 expression and attenuated IL-6

C. Chung, M. Massee, T.J. Koob. MiMedx Group, Inc., Marietta, GA, USA
Purpose: Osteoarthritis (OA) is characterized by the gradual degeneration of articular cartilage, bone remodeling, and synovial inﬂammation. The canonical Wnt/b-catenin pathway has recently been identiﬁed
as a critical pathway contributing to the pathogenesis of OA by regulating key cellular processes in chondrocytes such as differentiation,
inﬂammation, and production of catabolic proteinases responsible for
cartilage matrix degradation in the joint space. In this study, we
investigated the effects of micronized dehydrated human amnionchorion membrane (mdHACM) on normal chondrocytes, the resident
cell type of articular cartilage and further evaluated Wnt signaling and
matrix metalloproteinase-13 (MMP-13) expression and activity.
Methods: Normal human articular chondrocytes (NHACs) isolated from
cadaveric knees were obtained from Lonza and formed into 3D pellets
in 96-well V-bottom plates coated with 5% Pluronic-F127 to prevent
cellular attachment to the surface. This model allowed for NHACs to
properly maintain a chondrogenic phenotype and prevent de-differentation to a ﬁbroblast-like phenotype, as measured by quantitative
real time PCR (qRT-PCR) for major components of articular cartilage,
including collagen type II alpha 1 chain (COL2A1) and aggrecan (ACAN).
Cells were cultured in chondrocyte differentiation medium for seven
days until stimulation with 10 ng/mL of pro-inﬂammatory cytokines
tumor necrosis factor-a (TNFa) and Oncostatin M (OSM) in basal
chondrocyte differentiation medium. Following 24 hours of stimulation, NHACs were treated with varying doses of mdHACM soluble
extract (5 mg/mL, 2.5 mg/mL, 0.2 mg/mL) in basal medium for 24 and 48
hours. NHACs were analyzed by qRT-PCR for the expression of target
genes critical in the progression of OA. For secreted MMP-13 protein
analysis, total protein was ﬁrst precipitated from conditioned medium
(CM) using trichloroacetic acid (TCA)/sodium deoxycholate (DOC), followed by western blotting. For intracellular protein analysis, cell lysate
was prepared using RIPA buffer containing protease and phosphatase
inhibitors and subjected to sonication to extract total protein. The lysate
was subsequently probed for b-catenin and phosphorylated/total glycogen synthase kinase 3b (GSK3b), both key regulators of the canonical
Wnt signaling pathway. MMP-13 enzymatic bioactivity in CM was
monitored using SensoLyte® Plus 520 MMP-13 Assay (AnaSpec)
designed for speciﬁcally detecting MMP-13 activity by using a monoclonal anti-human MMP-13 antibody to pull down both pro and active
forms of MMP-13. Continuous measurement of MMP-13 activity was
recorded using a 5-FAM (ﬂuorophore) and QXL® 520 (quencher) labeled
ﬂuorescence resonance energy transfer (FRET) peptide substrate
according to the manufacturer’s instructions.
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Results: TNFa (10 ng/mL) and OSM (10 ng/mL) stimulation of chondrocyte pellets mimicked the key inﬂammatory and proteolytic signature
of OA pathology. In particular, we observed that TNFa/OSM treatment
signiﬁcantly increased the expression of pro-inﬂammatory marker
(MCP-1), three catabolic enzymes (MMP-3, MMP-13 and ADAMTS-4),
hypertrophic marker (RUNX2), and the Wnt-related regulatory genes
(TCF4, TCF7, LEF1, WISP1, and CCND1). The effectiveness of TNFa/OSM to
activate the canonical Wnt/b-catenin pathway in our study is consistent
with previously published reports demonstrating TNF as a key inducer of
regulatory molecules of the Wnt pathway (Diarra et al, Nature Medicine,
2006). 48 hours of treatment with soluble extracts of mdHACM downregulated expression of MCP-1 (p<0.001), MMP-3 (p¼0.004), MMP-13
(p<0.001), ADAMTS-4 (p¼0.012), RUNX2 (p¼0.048), TCF4 (p<0.001),
TCF7 (p¼0.001), LEF1 (p<0.001), WISP1 (p¼0.008) and CCND1 (p<0.001)
genes. We have also identiﬁed mdHACM-mediated Wnt inhibition as the
major upstream signaling pathway involved in protecting chondrocytes
from cytokine-induced inﬂammation and catabolic degradation. In particular, we have shown that mdHACM not only effectively inhibits the
transcriptional regulation of Wnt target genes, but also signiﬁcantly
reduces b-catenin protein levels and Ser9-phosphorylation of GSK3b. We
further evaluated MMP-13 due to being the most common downstream
target that is upregulated during OA (Goldring et al, Eur Cell Mater, 2014).
mdHACM was effective at abolishing MMP-13 protein expression in CM,
as measured by western blot analysis. This was consistent with the
complete inhibition of MMP-13 enzymatic activity (p<0.001), as demonstrated by the Sensolyte assay.
Conclusions: In this study, we have uncovered a novel mechanism for
mdHACM-mediated protection of chondrocytes in an in vitro model for OA.
mdHACM ameloriated the effects of inﬂammatory-induced OA in chondrocytes through canonical Wnt inhibition and subsequent downregulation of key inﬂammatory factors, hypertrophic marker and catabolic
enzymes involved in collagen degradation, in particular MMP-13. Collectively, these studies support mdHACM as a promising candidate for a disease modifying osteoarthritic therapy due to its ability to attenuate key
degradative pathways mediated by chondrocytes in articular cartilage.
PRESENTATION NUMBER: 109
PERIOSTIN-NULL MICE ARE PROTECTED FROM POST-TRAUMATIC
AND AGE-RELATED OSTEOARTHRTIS
X. Duan 1, M. Attur 2, L. Cai 1, T. Han 2, W. Zhang 1, J. Samuels 2, R.H. Brophy 1,
S.B. Abramson 2, M.F. Rai 1. 1 Washington Univ. Sch. of Med., St. Louis, MO,
USA; 2 New York Univ. Grossman Sch. of Med., New York, NY, USA
Purpose: Periostin (Postn) is a vitamin K-dependent and glutamatecontaining matricellular protein in the fasciclin family. Postn was originally identiﬁed and characterized as osteoblast-speciﬁc factor 2 in murine
osteoblasts. It is also found in the periosteum and collagen-dense ﬁbrous
connective tissues such as ligaments. Emerging evidence delineates that
Postn is upregulated in patients with osteoarthritis (OA) and it has been
identiﬁed as a gene of interest in articular cartilage. Expression of Postn is
induced following joint trauma such as destabilization of the medial
meniscus (DMM) and leads to OA. Recent data conﬁrmed that the
expression of Postn increases signiﬁcantly in mouse and human OA cartilage and osteophytes. Immune-localization studies further revealed that
Postn was present in the cartilage extracellular matrix. Mechanistically,
addition of recombinant Postn protein to human or murine chondrocytes
increases the expression of matrix metalloproteinase 13 (MMP-13). These
ﬁndings clearly suggest a catabolic role of Postn in promoting cartilage
degeneration in OA. Herein, we sought to better understand the role of
Postn in OA development by assessing the functional impact of Postn
deﬁciency in two murine models of experimental OA: DMM-induced
post-traumatic OA model and aging-related spontaneous OA model. We
hypothesize that genetic Postn loss-of-function in mice would protect
against cartilage degeneration secondary to joint injury and aging.
Methods: All procedures were approved by the Institutions’ Animal Care
and Use Committee. Ten-week-old Postn-null (Postn/) mice on a B6129S/J background and wild-type (B6-129S/J) male mice (n ¼ 8-10 per
genotype) were subjected to DMM surgery on the right hind limb under
general anesthesia. Left hind limb served as a control. Mice were allowed
to live for 8 weeks with unlimited food and water intake. Age-related
spontaneous OA was analyzed in 24-month-old Postn/ and wild-type
mice (n ¼ 6-7 per genotype). Knee joints were harvested and ﬁxed in
neutral buffered formalin. Prior to decalciﬁcation, knees were scanned
using a micro-CT scanner to measure changes in various trabecular bone
parameters. Knees were then decalciﬁed and embedded in parafﬁn.
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Whole joint articular cartilage degeneration was assessed histologically
using a well-established Osteoarthritis Research Society International
(OARSI) scoring system on Safranin-O-stained sections. Serum levels of
Postn were determined by solid-phase enzyme-linked immunosorbent
assay. Expression of Postn and collagenase-3 (MMP-13) was measured by
immunostaining. Non-parametric Mann-Whitney and Kruskal-Wallis
tests were used to determine statistical differences with P < 0.05 considered statistically signiﬁcant. Data are presented as mean value ±
standard error of the mean.
Results: Ten-week-old Postn/ mice exhibited reduced cartilage degeneration relative to wild-type mice (Fig. 1A). Postn/ mice had a signiﬁcantly lower OARSI score compared with the wild-type mice (2.4 ± 0.7
vs. 4.0 ± 1.2; P ¼ 0.011) as shown in Fig. 1B. Postn/ mice displayed lower
bone volume fraction (BV/TV), volumetric bone density, trabecular
thickness and trabecular number, and higher trabecular spacing indicating protection from OA, compared to wild-type mice (Fig. 1C). Data from
age-induced spontaneous OA revealed that 24-month-old Postn/ mice
had signiﬁcantly less cartilage degeneration than wild-type mice (Fig. 2A).
Postn/ mice showed signiﬁcantly lower OARSI score relative to wildtype mice (1.9±0.4 vs. 3.6±1.2; P ¼ 0.014) indicating protection from
cartilage degeneration and OA (Fig. 2B). Assessment of trabecular bone
parameters in aged mice showed similar differences between the genotypes as noted above for the young DMM-operated mice (Fig. 2C). Postn/

mice had negligible levels of serum Postn compared with wild-type (Fig.
3A). Immunoﬂuorescent studies of cartilage indicated that Postn/ mice
expressed lower MMP-13 levels than wild-type mice (Fig. 3B).
Conclusions: Taken together, ﬁndings from our study indicated that
Postn deﬁciency protects against DMM-induced post-traumatic and agerelated spontaneous OA. These ﬁndings demonstrate a common underlying mechanism of Postn deﬁciency in protecting against OA, independent of the cause. The inhibition/deletion of Postn represents a novel
therapeutic target in the reduction of the severity of OA. Further studies
are in progress to investigate the potential of Postn as a druggable target
for the treatment of OA and its tissue-speciﬁc mechanistic role in OA.
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PRESENTATION NUMBER: 110
IDENTIFICATION OF A NOVEL REGULATOR OF ADAMTS-5-MEDIATED
AGGRECAN DEGRADATION IN CHONDROCYTES
I. Collins 1, K. Yamamoto 2, L. Troeberg 3, A.K. Wann 1. 1 Kennedy Inst. of
Rheumatology, Univ. of Oxford, Oxford, United Kingdom; 2 Inst. of Ageing
and Chronic Disease, Univ. of Liverpool, Liverpool, United Kingdom,;
3
Norwich Med. Sch., Univ. of East Anglia, Norwich, United Kingdom
Purpose: There are currently no therapies to reduce cartilage loss in
osteoarthritis. Our group has been studying the molecular mechanisms
regulating the activity of proteases involved in osteoarthritis pathogenesis to identify new therapeutic targets. To do this, we have focused
on proteins required for formation and function of an organelle called
the primary cilium. We have previously seen that a hypomorphic
mutation affecting the ciliary protein IFT88 resulted in elevated matrix
catabolism in vitro, which was possibly due to disrupted regulation of
protease activity by LRP-1-mediated endocytosis. Here, we aimed to
identify other ciliary proteins that regulate proteolytic matrix degradation, determine the mechanism by which these proteins may be
acting, and investigate whether expression of the genes encoding these
proteins is altered in osteoarthritis.
Methods: Proteins with different roles in cilia formation and function
were depleted in a mouse chondrocyte line using siRNAs. Proteolytic
matrix degradation was measured by culturing cells with puriﬁed
aggrecan and subsequently detecting the neoepitope AGEG on aggrecan
fragments by western blot. qPCR, western blotting and microscopy
were used to investigate mechanisms of protease activity regulation.
Results: siRNA-mediated knockdown of the ciliary kinase TTBK2 resulted
in increased AGEG-positive aggrecan fragment production relative to
control cells treated with non-targeting siRNA. Elevated AGEG in TTBK2
knockdown cells was abolished with combined knockdown of TTBK2 and
ADAMTS-5. TTBK2 knockdown was associated with a 20% increase in the
expression of Adamts5 mRNA. Expression of targets of the Hedgehog
signalling pathway, which is dependent on the cilium and has previously
been linked to regulation of cartilage matrix degradation, was not
affected in TTBK2 knockdown cells. Activation of the Hedgehog pathway
with recombinant Indian Hedgehog did not affect AGEG production.
Extracellular levels of the endogenous protease inhibitor TIMP-3 were
unaffected by TTBK2 knockdown.
Conclusions: These Results indicate that TTBK2 is a novel regulator of
ADAMTS-5-mediated aggrecan degradation in chondrocytes. The
mechanism by which TTBK2 regulates ADAMTS-5 activity likely does
not involve Hedgehog signalling or TIMP-3, and work is ongoing to
determine the contribution of transcriptional changes to elevated
ADAMTS-5 activity. Current studies are also addressing whether TTBK2
regulates ADAMTS-5 endocytosis or its extracellular activation. Further
investigation of TTBK2 in more clinically relevant contexts is now
required, particularly as exploration of global gene expression datasets
from RNA-sequencing in normal and osteoarthritic knee cartilage
showed that TTBK2 expression is statistically signiﬁcantly downregulated in osteoarthritis.
PRESENTATION NUMBER: 111
UNDERSTANDING PRESCRIPTION BEHAVIOR ACROSS HEALTHCARE
PROFESSIONALS IN TREATING KNEE OSTEOARTHRITIS BEFORE AND
DURING THE 2020 COVID-19 PANDEMIC
H. Hamdan 1, D. Baldock 2. 1 Ipsos Sdn Bhd, Kuala Lumpur, Malaysia;
2
Ipsos MORI, London, United Kingdom

Purpose: The main goal in treating knee osteoarthritis (OA) is providing
symptom relief, with a continued focus on easing joint pain and enabling mobility, in order for patients to go about daily activity. With the
COVID-19 pandemic having impacted healthcare systems and regimes
globally, the aim of this study is to understand how treatment management of knee OA patients and prescribing behavior across US
healthcare professionals (HCPs) was affected, and how they adapt
towards a potential ‘new norm’ in treating this condition.
Methods: A cross-sectional chart review survey was conducted in both
Q2 2019 and Q2 2020 among US board-certiﬁed rheumatologists
(rheums), orthopedic surgeons (orthos), primary care physicians with a
focus in sports medicine (SM PCPs), and pain specialists, all practicing
across hospital and private practices. Recruited from a large access
panel, physicians were screened for duration of practice in their specialty (3-50 years) and caseload (35 or more knee OA patients personally managed, at least 10 of which must be classiﬁed as moderatesevere). Participants were asked to complete a 3-part online survey: (1)
a doctor demographic questionnaire, (2) a perceptual questionnaire,
assessing perception of available and upcoming OA therapies, and (3)
patient record charts for the next 5 knee OA patients seen following
receipt of the survey, capturing demographics and treatment history.
Data were analyzed using descriptive statistics.
Results: The total number of sampled physicians recruited in this survey with their reported patient totals are stated in Table 1.

Overall Rheumatologists Orthopedic SM Pain
surgeons PCPs specialists
Physicians Q2
Q2
Patient
Q2
Charts Q2

Table 1

2019
2020
2019
2020

275
260
1375
1300

55
63
275
315

111
85
555
425

Sampled physician and reported patient sample size

56
72
280
360

53
40
265
200

Osteoarthritis
andCartilage

When focusing on the current prescription medication reported
patients are receiving, oral medications, particularly NSAIDs, are widely
used, regardless of the physician specialty. Here we see a directional
increase in the proportion of reported patients deriving from sampled
primary care SM PCPs from pre-COVID (Q219) to during COVID (Q220)
(not statistically signiﬁcantly different), whilst the same is not true for
the other three secondary care sampled specialties, namely rheums,
orthos and pain specialists (not statistically signiﬁcantly different) - see
Fig. 1.

Figure 1 Oral medication usage in reported knee OA patients across

all sampled specialties - Q2 2019 vs Q2 2020 Honing in on usage of
injectable therapy, which is widely used in combination with oral
medication, the opposite pattern is seen with higher proportions of
reported patients deriving from sampled secondary care specialties
(rheums, orthos, pain specialists) receiving injectables vs those
deriving from sampled SM PCPs. While focusing on orthos, the
proportion of reported patients deriving from them who receive
injectables grew by 5 percentage points in Q220 (during COVID) vs
Q219 (pre-COVID) - directionally more so than other specialties (not
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statistically signiﬁcantly different). We opine that this is possibly
due to limited elective surgeries during the pandemic (see Fig 2).

Figure 2 Injectable medication usage in reported knee OA patients

across all sampled specialties - Q2 2019 vs Q2 2020 Looking deeper
into injectable usage amongst reported patients deriving from
sampled rheums and orthos speciﬁcally, the proportion of the total
reported patient set receiving this treatment type is relatively
similar across both specialties, prior to, and during the COVID-19
pandemic. However, among reported patients who received surgery
(NB:^low sample size shown), a directionally higher proportion of
this reported patient cohort deriving from orthos are noted to
receive injectables vs those from rheums - this is true both pre- and
during the pandemic (NB: Not statistically signiﬁcantly different).
Refer to Table 2:

Q2 2019 (n)
Q2 2020 (n)

Table 2

Overall Patient

Received Surgery Patients

Rheums

Orthos

Rheums

Orthos

63% (275)
65% (315)

60% (555)
65% (425)

59% (27^)
-

69% (80)
33% (9^)

Injectable
therapy
usage
among
overall
reported
patients’ vs received surgery
patients, deriving from sampled rheums and orthos
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group, the remaining 3 groups established a model by removing bilateral ovaries. After 6 weeks of modeling, gavage was started. The amount
of each gavage was 0.2ml/10g, once a day. the treatment group was
gavage with kangshuqianggu prescription, the recipe includes: Huangqi
30g, Shudi 15g, Danggui 12g, Danshen 15g, Yuanhu 12g, Gusuibu 12g,
Xianlingpi 15g, Roucongrong 12g, Tusizi 15g, Baishao 15g, Niuxi 12g,
Gancao 10g, Sanqifen 6g. The method of decocting and concentration is
based on the Chinese Pharmacopoeia, and the crude drug content per
kilogram of intragastric administration was 23.53g. The control group
was gavage with alendronate solution, and the crude drug content per
kilogram of intragastric administration was 1.3mg. The model group
and the sham operation group were gavaged with distilled water.The
mice were sacriﬁced after 8 weeks of administration and analyzed by
micro-CT with Percent bone Volume (BV/TV), Trabecular thickness(Tb.Th),
Trabecular
number(Tb.N),
and
Trabecular
separation(Tb.Sp).
Results: BV/TV, Tb.N and Tb.Th in the treatment group and the control
group were all higher than those in the model group, and Tb.Sp was
lower than that in the model group (P < 0.05).
Conclusions: Kangshuqianggu prescription can effectively reduce the
bone loss caused by ovarian removal and can be used as an option in the
treatment of osteoporosis.

Osteoarthritis
andCartilage

Conclusions: From the sample surveyed, it appears that primary care
SM PCPs adopted their treatment adjustment during COVID-19 pandemic differently, by prescribing more orals while other secondary care
physicians (rheums, orthos, pain specialists) focused on injection
treatment for longer pain relief. Considering movement restrictions and
limited elective surgeries during the pandemic, the lack of targeted
treatment options for knee OA has been made more apparent. With a
burgeoning pipeline, many of which are targeted therapies, it is hopeful
that knee OA treaters will be less reliant on symptom remedies and can
readily offer patients’ longer-acting pain relief or disease modifying
options to combat joint deterioration.
PRESENTATION NUMBER: 112
OBSERVATION ON THE THERAPEUTIC EFFECT OF KANGSHUQIANGGU
PRESCRIPTION ON MICE WITH CASTRATED OSTEOPOROSIS
T. Wang 1, B. Dong 2, J. Yao 3, P. Yuan 2, Z. Wang 2, W. Kang 2, H. Yu, Sr. 2,
D. Liu, Sr. 2. 1 .Dept. of integrated Chinese and western medicine, Shaanxi
Univ. of Chinese Med., Xianyang, China; 2 .Dept. of orthopedic, Afﬁliated
Hosp. of Shaanxi Univ. of Chinese Med., Xianyang, China; 3 Dept. of
Nursing, Shaanxi Univ. of Chinese Med., Xianyang, China
Purpose: Inherit the traditional Chinese medicine culture, explore the
famous old traditional Chinese medicine experience prescription,
observe the effect of Professor Liu Deyu's experience prescription for
treating osteoporosis, kangshuqianggu prescription on mice with castrated osteoporosis.
Methods: 48 female mice were randomly divided into the treatment
group, the control group, the model group and the sham operation
group, with 12 mice in each group. In addition to the sham operation

PRESENTATION NUMBER: 113
LORECIVIVINT (SM04690), AN INTRA-ARTICULAR, SMALL-MOLECULE
CLK/DYRK1A INHIBITOR THAT MODULATES THE WNT PATHWAY, AS
A POTENTIAL TREATMENT FOR MENISCAL INJURIES
T. Seo, V. Deshmukh, Y. Yazici. Samumed, LLC, San Diego, CA, USA
Purpose: Meniscal injuries are the most common pathology of the knee
and are associated with pain, stiffness, and localized swelling. Meniscal
damage is a frequent ﬁnding on MRI images of knee osteoarthritis (OA);
while a meniscal tear can lead to knee OA, knee OA can also lead to a
spontaneous meniscal tear. Efforts to repair meniscal damage have been
largely unsuccessful and do not prevent the progression of degenerative
changes that lead to knee OA. The Wnt signaling pathway has been
shown to be regulated during meniscal development, suggesting that
manipulation of this pathway may inﬂuence the regenerative capacity
of the meniscus. Lorecivivint (LOR; SM04690), an intra-articular (IA),
small-molecule CLK/DYRK1A inhibitor that modulates the Wnt pathway, was evaluated in preclinical studies to determine its protective and
anabolic effects in ex vivo explants and in a rat model of chemically
induced inﬂammatory meniscal degeneration.
Methods: Effects of LOR (30 nM) on matrix metalloproteinase (MMP)
expression in cultured rat menisci treated with IL-1b were measured by
qPCR. In vivo, LOR activity was evaluated in a rat model of monosodium
iodoacetate (MIA) injection-induced inﬂammatory meniscal degeneration. A single IA injection of MIA was immediately followed by a single
IA injection of LOR (0.3 mg) or vehicle. Knees were harvested on Days 1,
4, and 11 and menisci were isolated. Anti-inﬂammatory effects were
evaluated by qPCR for TNFA and IL6 expression. Meniscal protection was
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evaluated by qPCR for MMPs and aggrecanase. Anabolic effects were
evaluated by qPCR for collagens.
Results: In ex vivo meniscal explants, LOR inhibited expression of
MMP1, MMP3, and MMP13 compared with DMSO (P<0.01). In vivo, LOR
signiﬁcantly decreased expression of MMPs and aggrecanase (P<0.05)
and reduced expression of inﬂammatory cytokines TNFA and IL6 compared with vehicle in the rat model of inﬂammatory meniscal degeneration at Day 4 after MIA injection. Additionally, LOR increased
expression of collagen types I, II, and III at Day 11 after MIA injection.
Conclusions: LOR exhibited protective effects in the meniscus ex vivo
and in vivo by reducing catabolic enzyme expression compared with
control. Anti-inﬂammatory effects of LOR were demonstrated by
inhibition of inﬂammatory cytokine expression. Compared with vehicle,
LOR increased collagen expression in vivo, indicating potential meniscal
anabolic effects. These data support further investigation of LOR as a
potential disease-modifying treatment for meniscal injuries.
PRESENTATION NUMBER: 114
ASSESSING THE CHARACTERISTICS AND MANAGEMENT OF KNEE
OSTEOARTHRITIS PATIENTS WITH HYPERTENSION BY CLINICIAN
SPECIALTY
C. Ng 1, E. Baynton 2. 1 Ipsos Sdn Bhd, Kuala Lumpur, Malaysia;
MORI, London, United Kingdom

2

Ipsos

Purpose: Though the pathogenesis of knee osteoarthritis (OA) is complex, current treatment is primarily focused around pain relief. Patients
with OA frequently have other comorbidities, including hypertension,
which eludes to other considerations needed when deciding appropriate treatment management. This study aims to examine the proﬁles
of knee OA patients with hypertension versus those without any
comorbidities, and to elucidate key differences between these patient
groups as potential areas of consideration.
Methods: A cross-sectional chart review survey was conducted in Q2
2020 among US rheumatologists (rheums), orthopedic surgeons
(orthos), primary care physicians with a focus in sports medicine (SM
PCPs), and pain specialists, all practicing across hospital and private
practices. Recruited from a large access panel, physicians were screened
for duration of practice in their specialty (3-50 years) and caseload (35
or more knee OA patients personally managed, at least 10 of which must
be classiﬁed as moderate-severe). Participants were asked to complete a
3-part online survey: (1) a doctor demographic questionnaire, (2) a
perceptual questionnaire, assessing perception of available and
upcoming OA therapies, and (3) patient record charts for the next 5
knee OA patients seen following receipt of the survey, capturing demographics and treatment history. Data were analyzed using descriptive
statistics.
Results: A total of 260 physicians were recruited, reporting on 796 knee
OA patients in total; 559 were reported to experience hypertension
whilst 237 were reported to not experience any comorbidities (Table 1).
Reported patients with hypertension were signiﬁcantly older (mean 67
vs 59 years old, respectively; p0.01) and weighed more (mean 82kg vs
77kg, respectively; p0.01) than patients without comorbidities; they
were also signiﬁcantly more likely to be previous smokers compared to
those without comorbidities (23% vs 8%, respectively; p0.01).

Patient charts

Rheumatologists

Orthopedic
Surgeons

SM
PCPs

Pain
Specialists

With hypertension
Without comorbidities

123
39

176
100

80
33

180
65

Table 1

Reported patient sample size
by sampled clinician specialty

Osteoarthritis
andCartilage

When asked to indicate if they deemed the patient’s disease to be
under control, orthos, rheums and pain specialists all indicated a
signiﬁcantly higher proportion of their patients with hypertension
were deemed ‘uncontrolled’ (based on physician opinion) vs their
patients without comorbidities (orthos: 51% vs 30%, respectively

(p0.01); rheums: 46% vs 23%, respectively; pain specialists: 53% vs
30%, respectively; (p0.05)). With regards to perceived current knee
OA severity, both orthos and SM PCPs reported a signiﬁcantly higher
proportion of their patients with hypertension were deemed ‘severe’
(based on physician opinion) vs patients with no comorbidities
(orthos: 50% vs 32%, respectively; SM PCPs: 42% vs 23%, respectively;
p0.01).Looking at therapy usage in these patients across specialties,
rheums and pain specialists reported a greater prominence of mild
opioid usage amongst their patients with hypertension compared to
those without comorbidities (rheums: 28% vs 10%, respectively
(p0.05); pain specialists: 40% vs 9%, respectively; (p0.01)); orthos
and SM PCPs on the other hand state signiﬁcantly greater use of corticosteroid injections amongst their reported patients with hypertension vs those without comorbidities (orthos: 60% vs 41%,
respectively; SM PCPs: 40% vs 19%, respectively; p0.01). With regards
to patients being considered candidates for total knee replacement
(TKR) surgery, patients with hypertension deriving from sampled
orthos and SM PCPs are signiﬁcantly more likely to be considered for
surgery compared to those without comorbidities (orthos: 59% vs 32%,
respectively; SM PCPs: 37% vs 19%, respectively; p0.01). Conversely,
patients with hypertension deriving from sampled rheums are signiﬁcantly less likely to be considered for TKR compared to their
patients without comorbidities (41% vs 18%, respectively; p0.05).
Focusing on additional clinical factors in the overall reported patient
group, those reported with hypertension had a signiﬁcantly higher
mean Visual Analogue Scale for Pain (VAS) score than patients without
comorbidities (6.6 vs 5.9, respectively; p0.01). When considering
evidence of radiographic progression from imaging, a signiﬁcantly
higher proportion of patients with hypertension demonstrate radiographic evidence of bone erosion compared to those without comorbidities (69% vs 56%, respectively; p0.01).
Conclusions: From the sample surveyed, knee OA patients who also
experience hypertension may require a more speciﬁc and holistic
treatment approach that takes into account their CV status and their
managing physician specialty. Our data suggests the greater level of
pain and bone erosion in knee OA patients with hypertension may offer
guidance to treaters when considering treatment options. Further
investigation using comparator cohort is warranted.
PRESENTATION NUMBER: 115
RAPAMYCIN TREATMENT EXACERBATES AGE-RELATED OA SEVERITY
IN THE DUNKIN-HARTLEY GUINEA PIG
D. Minton 1, K. Santangelo 2, M. Javors 3, A. Konopka 1. 1 Univ. of WisconsinMadison, Madison, WI, USA; 2 Colorado State Univ., Fort Collins, CO, USA;
3
Univ. of Texas Hlth.Ctr. San Antonio, San Antonio, TX, USA
Purpose: Osteoarthritis (OA) is generally categorized into two types.
Post-traumatic (secondary) OA develops following acute joint trauma,
and age-related (primary) OA develops slowly over the course of decades. There is mounting evidence for genes and signaling pathways
playing inconsistent or opposing roles in the progression of primary and
secondary OA. This suggests that, while primary and secondary OA may
present with similar end-stage pathology, the mechanisms driving
these two OA subtypes are likely unique and warrants testing of therapeutic targets in both forms. The mechanistic target of rapamycin
(mTOR) is a nutrient sensing pathway and metabolic regulator that has
been implicated in OA pathogenesis. Genetic deletion or inhibition of
the mTOR pathway with rapamycin has offered short-term protection
against secondary OA. However, it remains unknown if rapamycin can
exert similar protection against primary OA, the form most commonly
seen in aging humans. Thus, we aimed to investigate if rapamycin
treatment could delay the onset of primary OA.
Methods: Dunkin-Hartley (DH) guinea pigs develop mild primary OA
pathology at 5-months of age that progresses to a moderate stage by 8months of age. Therefore, beginning at 5-months of age, DH guinea pigs
were allocated to one of three groups for 12 weeks: young controls (n¼3);
those animals receiving a control diet (n¼8); or guinea pigs fed a diet
enriched with rapamycin (n¼8, 14 ppm). At sacriﬁce, hind limbs were
collected for high-resolution micro-computed tomography (mCT) and
histopathological analysis. Rapamycin concentration in the diet and blood
were determined by liquid chromatography, tandem mass spectrometry.
Results: The dietary concentration of rapamycin (14ppm) was conﬁrmed,
and treatment yielded circulating concentrations (72+/-4 ng/mL) similar
to those which extended lifespan in mice. Known side effects of rapamycin
treatment such as hyperglycemia (396+/-61 vs. 241+/-56 mg/dL) and
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testicular atrophy (1.4+/-0.4 vs. 2.0+/-0.3g, p<0.05) were also observed.
Previous studies have shown that bodyweight reduction reduces OA
severity in DH guinea pigs. Interestingly, although having a lower body
weight (848+/-53 vs. 992+/-90g, p<0.01), guinea pigs receiving rapamycin
displayed greater (p<0.05) OARSI scores in the medial tibia. This was
driven by increased articular cartilage structural damage (p<0.05),
deranged chondrocyte cellularity (p<0.05), and a trend towards loss of
proteoglycan content (p¼0.06). mCTanalysis of subchondral bone revealed
reduced cortical thickness in the medial (p<0.01) and lateral (p<0.05) tibia
and medial femur (p<0.05). This change was correlated with bodyweight
and was also observed at the femoral diaphysis, suggesting the rapamycinmediated bodyweight reduction brought on a widespread reduction in
cortical bone thickness.
Conclusions: Despite attenuating the progression of secondary OA,
rapamycin treatment exacerbates primary OA pathology in the DH
guinea pig. These ﬁndings highlight potential considerations of the
utility of rapamycin as a healthspan-extending compound in humans
and warrant further investigation to explain this divergent response
between OA subtypes.
PRESENTATION NUMBER: 116
INTRAARTICULAR INJECTION OF MM-II LIPOSOMES LUBRICATES
CARTILAGE IN VIVO AND REDUCES FRICTION AND WEAR IN EXVIVO CARTILAGE MODELS
G. Sarfati. Moebius Med. Inc, Tel Aviv, Israel
Purpose: MM-II is a suspension of large multilamellar liposomes for
intra-articular administration, under development for treatment of
osteoarthritic pain. Due to their unique characteristics, MM-II liposomes are retained on the cartilage surface, providing long-term
lubrication and leading to a reduction in wear of the cartilage. As previously reported in a ﬁrst-in-human clinical trial, MM-II, when injected
intraarticularly, was shown to reduce pain up to 3 months post injection. This study aims to illustrate MM-II’s mechanism of action by
studying the localization of the liposomes in the joint following an
intraarticular injection into rabbits and using 2 ex-vivo cartilage models
for evaluation of MM-II’s lubrication capabilities and its effect on
reduction of friction and wear of the cartilage.
Methods: Three different studies were conducted for the evaluation of
MM-II’s localization in the knee post injection and its effect on reduction of cartilage wear and friction. MM-II knee localization after intraarticular injection into rabbits: Tritium-labeled MM-II liposomes were
injected into the knee joint of New Zealand white rabbits. Analysis of
the biodistribution of radioactivity in the knee joint was performed at
selected time points following administration. Imaging of the distribution of radioactivity in the knee joint was undertaken using
quantitative whole-body autoradiography (QWBA) and micro-autoradiography (MARG) techniques. Ex-vivo friction measurement: Friction
measurement was conducted using a cartilage-on-cartilage rotation
friction test setup, using a pair of osteochondral equine cores (12 mm
bottom core and 7.8 mm upper core) immersed in a bath containing the
tested lubricant maintained at 37 C. Friction measurement was performed using a mechanical tester equipped with a multiple-axis load
cell. Static and kinetic friction coefﬁcients obtained using MM-II as a
lubricant were compared with healthy synovial ﬂuid (positive control)
and phosphate buffered saline (negative control). Ex-vivo wear measurement: Wear tests were carried out using a pin-on-disc setup with
porcine cartilage pins sliding against Cobalt-Chromium-Molybdenum
(CoCrMo) discs immersed in a bath containing the tested lubricant
maintained at 37 C. Wear assessment was performed by measurement
of cartilage pin height and weight before and after application of wear
cycles under a predetermined load. The effect of MM-II on wear of the
cartilage pin was evaluated against a protein-based lubricant commonly
used for wear testing of prostheses.
Results: Distribution of radioactivity following intraarticular injection of
MM-II into rabbit knee showed high concentrations of radioactivity in the
articular space after injection. Seven days post injection, radioactivity
concentration was found to be reduced in the synovial cavity and a high
radioactivity concentration was observed on the cartilage, implying that
MM-II is selectively bound to the surfaces of the cartilage. Radioactivity
was detected on the cartilage surface for up to 56 days post injection.
Evaluation of the friction coefﬁcient was performed at a static phase and
kinetic phase. For the static friction coefﬁcients, MM-II presented a statistically signiﬁcant lower coefﬁcient when compared to Phosphate Buffered Saline (0.11versus 0.16, respectively; p<0.0001) or to synovial ﬂuid
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(0.11versus 0.15, respectively; p¼0.05). For Kinetic friction coefﬁcient,
MM-II showed a statistically signiﬁcant lower coefﬁcient than Phosphate
Buffered Saline (0.028 versus 0.035, respectively; p¼0.008), but statistically higher than synovial ﬂuid (0.028 versus 0.022, respectively;
p¼0.002). As for assessment of the effect of MM-II on cartilage wear, MM-II
was shown to reduce the mass and height loss when compared to proteinbased liquid (14 mg versus 39 mg mass decrease, respectively, and 0.5 mm
versus 1.2 mm length decrease, respectively; p¼0.05).
Conclusions: Our data illustrates the role that MM-II liposomes can
play in lubrication of the knee joint. Due to their unique characteristics,
after intraarticular injection MM-II liposomes adsorb to the cartilage
surface and provide lubrication for movement between the cartilage
surfaces. This lubrication leads to reduction in friction that reduces the
wear of the cartilage surfaces.
PRESENTATION NUMBER: 117
TRANSCRIPTOMIC
ANALYSES
IN
HUMAN
AND
MURINE
INFRAPATELLAR FAT PADS IDENTIFY COMMON PROFIBROTIC
CHANGES IN OSTEOARTHRITIS
B.J. Rourke 1, P. Singh 1, S. Lessard 1, T. Chen 1, D. Oliver 1, M. Konnaris 1,
C. Brantner 1, L.A. Mandl 2, M. Figgie 1, P.K. Sculco 1, T.P. Sculco 1,
S. Rodeo 1, T. Pannellini 1, E.F. DiCarlo 1, T. Wright 1, M. van der Meulen 3,
S. Goodman 1, B. Mehta 1, M. Otero 1. 1 Hosp. for Special Surgery, New
York, NY, USA; 2 Hosp. for Special Surgery & Weill Cornell Med., New
York, NY, USA; 3 Hosp. for Special Surgery & Cornell Univ., New York &
Ithaca, NY, USA
Purpose: Fibrosis is a common pathological feature in knee osteoarthritis (OA). In recent studies the infrapatellar fat pad (IPFP) in OA
displayed an inﬂammatory and ﬁbrotic phenotype that is believed to
contribute to disease progression. However, little is known about the
mechanisms that initiate ﬁbrosis in OA and about the functional impact
of these changes. We recently reported that mice subjected to a loadinduced model of OA developed early time- and load magnitudedependent knee ﬁbrosis, particularly affecting the IFPF. In this study we
combined histological and transcriptomic analyses of human and
murine OA tissues, aiming to identify commonly dysregulated pathways during the early phases of the disease.
Methods: Tissue retrieval: After IRB approval and patient consent, we
collected IPFP samples from OA patients (N¼12, mean age: 69 years,
mean BMI: 30, sex: 3 males and 9 females) undergoing total knee
replacement surgery and from non-OA patients undergoing anterior
cruciate ligament reconstruction (ACLR) surgery (N¼12, mean age: 25
years, mean BMI: 24, sex: 6 males and 6 females). Each IPFP biopsy was
divided into three segments that were processed for histology (formalin-ﬁxed), RNA isolation (RNAlater-preserved), and cryopreservation
for viable cell isolation or conditioned medium generation (CryoStorpreserved). Mouse tibial loading protocol: Under IACUC approval, cyclic
compression was applied to the left tibia of 11-week-old male C57BL/6J
mice at a peak load of 7.0N for 2 weeks (4Hz, 1200 cycles/day). The right
limbs were used as controls. After loading, control and loaded IFPFs
were retrieved for histology and RNA-seq. Histology: Human IPFP tissues were formalin ﬁxed and parafﬁn embedded. Sections of 6 mm were
cut and stained with Picrosirius Red and Hematoxylin and Eosin. Mouse
limbs were decalciﬁed in EDTA, formalin ﬁxed, parafﬁn embedded, and
6 mm-thick sections were stained with Picrosirius Red and Safranin-O/
Fast Green. RNA isolation: For RNA isolation from human and mouse
IFPFs, tissues were homogenized in TRIzol using a TissueLyser (Qiagen)
followed by puriﬁcation (RNeasy kit, Qiagen). RNA isolation from
human puriﬁed ﬁbroblasts was performed using the RNeasy mini kit.
RNA-seq: 100 ng of human (8 OA and 8 ACLR) and mouse (3 control and
3 OA/loaded) RNA samples were used for RNA-seq, performed at the
Genomics Resources Core Facility of Weill Cornell Medicine. After
sequencing, the reads were processed using a dedicated RNA-seq
pipeline developed by bioinformaticians at the David Z. Rosensweig
Genomics Research Center at HSS. NanoString: 100 ng of total RNA
isolated from human OA (N¼4) and ACLR (N¼4) samples were used for
NanoString analyses using human nCounter Pan Cancer Pathways Panel
and analyzed (nSolver 4.0 software). A q value < 0.05 was considered
signiﬁcant. Cell puriﬁcation and culture: Human ﬁbroblasts were
obtained by enzymatic digestion of human synovial tissues from OA
patients. Passage 4 ﬁbroblasts were incubated in conditioned medium
(CM) from OA IPFPs (n¼3) for 4 days and used for RTqPCR. RTqPCR: RNA
was reverse transcribed, and gene ampliﬁcations were carried out using
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SYBR Green I-based real-time PCR and speciﬁc primers against ACTA2,
PLOD2. A p value < 0.05 was considered signiﬁcant.
Results: Histological analyses conﬁrmed the presence of ﬁbrosis in IPFPs
from OA patients, evidenced by the abnormal collagen accumulation
detected by Picrosirius Red staining (Fig. 1A). RNAseq analyses further
conﬁrmed the ﬁbrotic phenotype of OA IPFPs, with increased expression
of collagens (Fig. 1B) and ﬁbrosis-associated factors including IL10 and
TGFB1. Principal component analysis (PCA) showed two well separated
clusters representing ACLR and OA patients. QuSAGE pathway analyses
comparing OA to ACLR samples highlighted the increased expression and
enrichment of pro-inﬂammatory and pro-ﬁbrotic pathways in the OA
samples. The biocarta_inﬂammation pathway (including IL10, TNF,
PDGFA, IL6, and TGFB1 genes) was among the pathways with the highest
increased expression in OA tissues (FDR < 0.0001). NanoString analyses
performed in independent samples conﬁrmed the increased expression
of pro-ﬁbrotic genes and cytokines in OA IPFPs, with a signiﬁcant overlap
between differentially expressed genes in both datasets, including
TGFB1 and IL10 mRNA. In agreement with previous reports, the CM
obtained from OA IPFPs induced pro-ﬁbrotic changes in human primary
synovial ﬁbroblasts, including increased expression of ACTA2. Histological evaluation of mouse IPFPs conﬁrmed our previous reports and
showed ﬁbrotic changes (Fig. 1C), accompanied by a pronounced accumulation of collagens in OA tissues in the loaded limb (Fig. 1D). RNA-seq
analyses of the mouse IPFPs conﬁrmed the enrichment of inﬂammation
and proﬁbrotic signatures in OA tissues, and signiﬁcant overlap in genes
and functional pathways was found between human and mouse datasets, including increased expression of the syndecan-4 pathway and
decreased IGF1/mTOR pathway in OA.
Conclusions: Our Results show that IPFPs retrieved from OA patients
have a ﬁbrotic and inﬂammatory gene signature and can induce a proﬁbrotic phenotype in primary ﬁbroblasts in vitro. We also showed that
the IPFP from mice subjected to a load-induced non-surgical model of
OA recapitulates the inﬂammatory and pro-ﬁbrotic changes observed in
human OA IPFPs. Our data agree with reports in human tissues and
other mouse models of OA, and our study provides novel information
about differentially expressed genes that are common to human disease
and mouse models of early OA. While our study has limitations,
including notable age differences in the OA and non-OA human samples, our data further suggests that changes in the IPFP may contribute
to the progression of OA. Follow-up studies addressing early cellular
and molecular changes that drive IPFP ﬁbrosis using our tibial loading
model will help us understand the functional impact of IPFP ﬁbrosis and
will enable the development of targeted therapies

associated metabolic syndrome) and OA in rodent models. Comparing
data from different studies in different rat strains, it seems that a HFS
diet induces more severe lesions on the knee joint than a HF diet.
However, it is not known which diet impairs the joint most, and which
diet would be a superior model for studying disease mechanism and
treatment options. Therefore, the goal of this study was to systematically investigate the effects of a HF and a HFS diet in the knee joint of a
Wistar Han groove model of OA. We hypothesize that a HFS diet is more
detrimental to the knee joint than a HF diet.
Methods: Twelve-week-old male Wistar Han [Crl:WI(Han)] rats were
fed either a HF diet (60 kcal% from fat of which 91% pork lard, 20 kcal%
from carbohydrates of which 0% sucrose; n¼5) or a HFS diet (20 kcal%
protein, 40 kcal% fat of which 94% pork lard, 40 kcal% carbohydrates of
which 83% sucrose; n¼5). After 12 weeks on their respective diets, local
cartilage damage was induced at the right knee joint by making ﬁve
longitudinal grooves on the femoral condyles. Twelve weeks after
groove surgery, rats were euthanized, and tissues of interest harvested.
The primary outcome measure included knee joint damage, assessed by
OARSI score (0-24), that was calculated by grading the lateral tibia on
criteria 2 [cartilage degeneration (0-15)], criteria 7 [calciﬁed cartilage
and subchondral bone damage (0-5)], and criteria 8 [synovial membrane inﬂammation (0-4)]; and micro computerized tomography (uCT), scans were made at week 0 and week 24, and were used to
determine the number of osteophytes (femur and tibia), cysts (femur
and tibia), and tibial trabecular bone volume fraction (trabecular bone
volume / total volume). Secondary outcome measures were: body mass
(measured biweekly); insulin sensitivity (composite insulin sensitivity
index: CISI, glucose tolerance test performed at the end of the experiment protocol); and homeostatic model assessment for insulin resistance (HOMA-IR). For the latter, fasted blood was obtained from the tail
vein to determine insulin and glucose concentrations at baseline and at
the end of the experiment protocol, using ELISA and the hexokinase
method. Non-parametric Mann-Whitney testing was used to determine
differences between the groups for all variables. Data is presented as
mean +/- standard error.
Results: Over the course of 24 weeks, the were no differences between
a HF and a HFS diet for joint damage in the Wistar Han rat, including
OARSI score (p¼0.68, Fig. 1A), osteophyte count (p¼0.52, Fig. 1D; representative images of the lateral tibial plate for rats fed a HF or a HFS
diet are presented in Fig. 1B and C, respectively), bone volumetric
fraction (p¼0.15, Fig. 1E), and cyst count (p¼0.99, Fig. 1F). Additionally,
there was no difference between diets for body mass (p>0.05 for all
time points, Fig. 1G), insulin resistance (week 0: p¼0.42; week 24:
p¼0.09, Fig. 1H), and insulin sensitivity (p¼0.69, Fig. 1I)

Figure 1 A) Picrosirius red staining of IPFPs retrieved from ACLR and

OA patients. B) Increased COL1A1 and COL3A1 mRNA in human OA
IPFPs, evaluated by RNA-Seq analyses. C) Safranin-O histological
staining in IPFPs of control and loaded (OA) mice. D) Increased
Col1a1 and Col3a1 expression in RNA isolated from control and
loaded mouse IPFP, evaluated using RNA-Seq.
PRESENTATION NUMBER: 118, PRESENTATION NUMBER: 119
DOES A HIGH-FAT/HIGH-SUCROSE DIET ACCELERATE JOINT DAMAGE
DEVELOPMENT WHEN COMPARED TO A HIGH-FAT DIET IN A WISTAR
HAN RAT GROOVE MODEL OF OSTEOARTHRITIS?
J.L Rios 1, K. Warmink 1, D.R. van Valkengoed 1, N.M. Korthagen 2,
H.H. Weinans 1. 1 Univ. Med. Ctr. Utrecht, Utrecht, Netherlands; 2 Leiden
Univ. Med. Ctr., Utrecht, Netherlands
Purpose: Osteoarthritis (OA) is the fourth leading cause of disability
worldwide, and it is estimated that osteoarthritis affects more than 40
million people across Europe. From those, it is approximate that 67% are
overweight or obese, suggesting a relationship between osteoarthritis
and obesity. High-fat (HF) and high-fat/high-sucrose (HFS) diets are
widely used to investigate the relationship between obesity (and

Figure 1 Difference between a high-fat (HF) and a high-fat/high-

sucrose (HFS) diet in the Wistar Han groove model of osteoarthritis.
A) OARSI histopathology score. B) Representative image for the
lateral tibial plateau for a rat fed a HF and C) a HFS diet. D) Whole
joint osteophyte count at the end of the experiment protocol. E)
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Tibial bone volume fraction, percent change from baseline. F) Whole
joint cyst count at the end of the experiment protocol. G) Body mass
over the 24 weeks experiment protocol. H) Insulin resistance
measured at baseline (week 0) and at the end of the experiment
protocol (week 24), and I) insulin sensitivity measured at the end of
the experiment protocol.
Conclusions: Over the course of 24 weeks, it seems that a HF and a HFS
diet affected in the same manner the lateral tibial plateau of a Wistar
Han rat that had a groove surgery-induced OA. In addition, no difference
between diets were observed for body mass, neither insulin resistance
nor sensitivity. Intriguingly, the lateral tibial plateau of both HF and HFS
fed rats did not present much damage (Fig. 1B and C), compared to
studies that have used Wistar [Crl:WI] and CD® Sprague Dawley
[Crl:CD(SD)] rats fed a HF and HFS diet, respectively. Therefore, it is not
known if the Wistar Han rat is resistant to joint damage when fed an
obesogenic diet, and resistant to OA development following a groove
surgery. Thus, the Results presented in this abstract are inconclusive,
and further investigation is needed to elucidate the effect of a HF and
HFS diet in the knee joint of different species and strains.

b2 ADRENOCEPTOR DEFICIENCY AGGRAVATES SUBCHONDRAL BONE
CHANGES WITHOUT AFFECTING CARTILAGE AND SYNOVIUM IN
EXPERIMENTAL OSTEOARTHRITIS
€ sch 1, K. El Bagdadi 1, D. Muschter 2, S. Taheri 3, A. Meurer 1,
G. Ro
€ssel 2, R.H. Straub 4, F. Zaucke 1, Z. Jenei-Lanzl 1. 1 Dr.
A.F. Schilling 3, S. Gra
Rolf M. Schwiete Res. Unit for Osteoarthritis, Orthopedic Univ. Hosp.
Friedrichsheim, Frankfurt/Main, Germany; 2 Dept. of Orthopedic Surgery,
Exp. Orthopedics, ZMB/Biopark 1, Univ. of Regensburg, Regensburg,
Germany; 3 Dept. of Trauma Surgery, Orthopedics and Plastic Surgery,
Univ. Med. Ctr. Goettingen, Goettingen, Germany; 4 Lab. of Experimental
Rheumatology and Neuroendocrine Immunology, Dept. of Internal Med.,
Univ. Hosp. Regensburg, Regensburg, Germany
Purpose: Recent studies demonstrated a contribution of the sympathetic nervous system and its major neurotransmitter norepinephrine (NE) to osteoarthritis (OA) pathogenesis. The effects of NE
mediated by adrenoceptors (ARs) are predominantly catabolic in cartilage and subchondral bone, while mainly anti-inﬂammatory in the
synovial tissue. Several AR subtypes are expressed in different joint
tissues but the current literature suggests that the b2-AR plays a crucial
role during OA pathogenesis in different joint tissues. Therefore, we
examined the development of OA in b2-AR-deﬁcient (Adrb2-/-) mice.
Methods: OA was induced by destabilization of the medial meniscus
(DMM) in wildtype (WT) and Adrb2-/- mice. 8 weeks after DMM or
sham surgery, body weight of the animals was determined. Calciﬁed
cartilage (CC) thickness and subchondral bone parameters such as
subchondral bone plate (SCBP) thickness, bone volume density (BV/TV),
trabecular thickness (Tb.Th) and trabecular space (Tb.Sp) were analyzed
8 weeks post-surgery in the medial condyles using micro-computed
tomography (mCT). Furthermore, the severity of cartilage degeneration
as well as synovial inﬂammation were evaluated by histological scoring
(OARSI and synovitis grading).
Results: Adrb2-/- mice had signiﬁcantly higher body weight compared
to WT mice (Adrb2-/- 33.94 ± 0.87 g, WT 28.67 ± 0.18 g; p ¼ < 0,0001). In
sham animals, there were no signiﬁcant differences in bone parameters
between WT and Adrb2-/-. In contrast, DMM-operated Adrb2-/- mice
displayed slightly elevated CC thickness (WT DMM 64.54 ± 2.07 mm,
Adrb2-/- DMM 72.60 ± 3.08 mm; p ¼ 0.065 not signiﬁcant) as well as
signiﬁcantly increased SCBP thickness (WT DMM 107.7 ± 3.1 mm,
Adrb2-/- DMM 160.01 ± 14.27 mm; p ¼ 0.0098), BV/TV (WT DMM 0.563
± 0.029, Adrb2-/- DMM 0.697 ± 0.026; p ¼ 0.014) and Tb.Th (WT DMM
0.08 ± 0.008 mm, Adrb2-/- DMM 0.506 ± 0.084 mm; p ¼ 0,0055) in the
medial epiphysis. Simultaneously, Tb.Sp was signiﬁcantly decreased
(WT DMM 0.054 ± 0.002 mm, Adrb2-/- 0.022 ± 0.005 mm; p < 0,0001).
WT and Adrb2-/- mice subjected to DMM developed comparable
changes in cartilage degeneration and synovial inﬂammation (mean
OARSI score: WT DMM 3.00 ± 0.47, Adrb2-/- DMM 2.85 ± 0.57; mean
synovitis score WT DMM 2.86 ± 0.26, Adrb2-/- 2.75 ± 0.25).
Conclusions: Subchondral sclerosis is a hallmark of OA. We observed an
increased bone mass underneath the chondral lesion in Adrb2-/- DMM
versus WT DMM mice. This is consistent with earlier studies reporting
an anti-osteogenic effect of b2-AR. The elevated body weight in Adrb2-/mice might result in increased mechanical joint loading. However, we
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did not detect any difference between bone parameters of shamoperated WT and Adrb2-/- animals suggesting that increased bone mass
in Adrb2-/- DMM mice cannot attributed to the weight gain but to a
synergistic effect of b2-AR deﬁciency and OA. In the relatively mild
DMM model, the b2-AR does not signiﬁcantly contribute to cartilage
degeneration and synovial inﬂammation. However, the more pronounced bone phenotype may play an important role in other forms of
OA with pronounced subchondral sclerosis. Taken together, b2-AR plays
a major role in OA-related bone changes and is thus an attractive target
for the exploration of novel therapeutic avenues.
PRESENTATION NUMBER: 120
FULL-FIELD EXPERIMENTAL ANALYSIS OF THE INFLUENCE OF
TRABECULAR
MICROSTRUCTURAL
PARAMETERS
ON
THE
MECHANICAL PROPERTIES OF TRABECULAR BONE WITHIN
OSTEOARTHRITIC HUMERAL HEADS
J. Kusins 1, N. Knowles 2, N. Martensson 1, M. Columbus 2, G. Athwal 1,
L. Ferreira 1. 1 Western Univ., London, ON, Canada; 2 Univ. of Calgary,
Calgary, ON, Canada
Purpose: Total shoulder arthroplasty (TSA) is a common surgical procedure performed to restore function to an end-stage osteoarthritic
(OA) shoulder joint. Humeral implant designs involved in TSA procedures continue to evolve, with recent interest towards stemless components. These designs minimize bone removal but rely on trabecular
bone within the metaphysis of the proximal humerus to provide ﬁxation and structural stability. Therefore, understanding the mechanical
properties and local load carrying capabilities of trabecular bone speciﬁc to patients undergoing TSA suffering from end-stage OA is
important to ensure longevity of the implant. The objective of this study
was to characterize the mechanical properties of trabecular bone of the
osteoarthritic humeral head from patients who had received TSA. Speciﬁcally, we combined mechanical testing with high-resolution microCT
imaging to determine the relationships between trabecular microstructural
parameters and the failure mechanics of isolated trabecular bone cores
retrieved from patients with end-stage osteoarthritis (OA).
Methods: Ten humeral head osteotomies were collected from patients (6
male, 4 female, age range: 62-77) undergoing TSA for end-stage OA. An
isolated cubic trabecular bone core (5 mm edge length) was extracted
from the center of each humeral heads adjacent to the resection surface.
MicroCT scans (4.75 mm voxel resolution) were acquired to quantify
trabecular morphometric parameters. A hydroxyapatite calibration
phantom (Micro-CT HA, QRM, GmbH, Moehrendorf, Germany) was also
imaged at similar settings to determine bone mineral density (BMD)
speciﬁc to each core. Stepwise mechanical loading was performed using
a custom designed CT-compatible loading device (Fig. 1). While maintaining each bone core within the microCT scanner, compressive loads
were applied in 50 N increments until fracture. At each load level, a
volumetric scan was acquired with 4.75 mm voxel resolution, including a
post-fracture microCT scan. The trabecular fracture zone was identiﬁed
through a previously reported segmentation technique. Three-dimensional strains throughout the trabecular structure were quantiﬁed by
comparing the unloaded and loaded microCT image prior to fracture
using digital volume correlation (DVC) (DaVis DVC 10.1.1, LaVision)
algorithms (strain spatial resolution z 150 mm; corresponding accuracy
and precision < 550 mε;). The 95th percentile of third principal strain
measured by DVC was quantiﬁed within the fracture zone for each core.
Linear correlation was performed to quantify the relationships between
the trabecular microstructural parameters (bone mineral density (BMD),
bone volume fraction (BV/TV), trabecular thickness (Tb.Th), and trabecular separation (Tb.Sp)) and the mechanical failure properties
(apparent ultimate strength (σ;ultimate), apparent ultimate strain (ε;ultimate), and local trabecular DVC strain (ε;local)).
Results: High variability in the apparent ultimate strength (σ;ultimate)
was observed (range: 2.8-7.6 MPa). The ultimate strength was strongly
correlated with BV/TV (R2 ¼ 0.70) and BMD (R2 ¼ 0.84) but only
moderately correlated with Tb.Th (R2 ¼ 0.55) and Tb.Sp (R2 ¼ 0.54)
(Table 1). The apparent ultimate strain (ε;ultimate) was poorly correlated
with all of the morphometric parameters (range: 7,883-15,876 mє, R2 
0.23). At the trabecular level (spatial resolution z 150 mm), third
principal strains exceeded 19,000 mє (range: 19,551-29,651 mє). The
magnitude of local trabecular strains (ε;;local) was not correlated with
any of the trabecular morphometric parameters measured (R2  0.07) at
the apparent level.
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Conclusions: The Results of this study indicate that BMD and BV/TV
heavily inﬂuence the apparent ultimate strength of trabecular cores
collected from patients undergoing TSA. However, strains measured
prior to fracture at the apparent or trabecular level were not inﬂuenced
by the microstructural parameters of the trabecular bone cores tested at
the apparent level. Preoperatively acquiring microstructural parameters
of trabecular bone (BV/TV, Tb.Th, Tb.Sp) is currently impractical due to
the coarse imaging resolutions achievable with clinical CT imaging of
the shoulder. However, with proper calibration, preoperative local
density measurements (BMD) can be acquired [4]. The strong correlations in this study further emphasize the importance of considering
BMD measurements in assessing the localized risk of trabecular bone
fracture [2]. As well, these ﬁndings are critical to ensuring that future
developments of stemless humeral head components do not exceed the
local load carrying capabilities of trabecular bone during initial ﬁxation
prior to clinical adoption. A major strength of this work was the use of
microCT imaging to measure full-ﬁeld deformations throughout the
trabecular structure. While the results indicate that the magnitude of
strain prior to fracture was not inﬂuenced by trabecular morphometric
parameters, this is an important consideration for future development
of predictive models of the shoulder that attempt to replicate
mechanical properties of the bone-implant construct. A limitation of
this study was that trabecular bone cores were tested in an isolated
manner subjected only to compressive forces, whereas in-vivo, trabecular bone would be subjected to combined loading which includes
tensile and shear forces. Future work should investigate similar relationships between the trabecular morphometric parameters and the
experimental full-ﬁeld mechanical response of trabecular bone within
implanted cadaveric shoulders

PRESENTATION NUMBER: 121
IMPACT OF SUBSTANCE P AND aCGRP ON ARTICULAR
CHONDROCYTES
FROM
OSTEOARTHRITIC
AND
NONOSTEOARTHRITIC DONORS
€nig 2, B. Johnstone 3, S. Gra
€ssel 1, 2. 1 Ctr.
S. Stoeckl 1, 2, A. Pasoldt 1, 2, M. Ko
for Med. Biotechnology, Regensburg, Germany; 2 Dept. of Orthopaedic
Surgery, Univ. of Regensburg, Regensburg, Germany; 3 Dept. of
Orthopaedics and Rehabilitation, Oregon Hlth.& Sci. Univ., Portland, OR,
USA
Purpose: Even though Osteoarthritis (OA) is the most common joint
disorder and the leading cause of disability and chronic pain in the
elderly with a major socio-economic impact, research efforts have not
yet been able to deﬁne its exact etiology. Beside loss of function, pain is

the main clinical feature that leads to intervention, including nonpharmacological, pharmacological, and surgical approaches. The joints
are innervated by calcitonin gene-related peptide (aCGRP)- and substance P (SP)- positive sensory nerve ﬁbers, which are a potential source
of tibial-femoral pain during OA pathogenesis. Alteration of sensory
joint innervation might be partly responsible for degenerative changes
within the joints, which contribute to development of OA. We, therefore, aim to analyze and compare the molecular effects of SP and aCGRP
on the metabolism of articular chondrocytes from OA and non-OA
donors.
Methods: Human chondrocytes from OA and non-OA donors were
stimulated with SP or aCGRP (10-8M and 10-10M) for 1, 3 or 7 days and
cultured in 2D (monolayer) or 3D cell culture systems. Subsequently,
proliferation was analyzed by determining doubling time, apoptosis via
Caspase 3/7 activity assay and senescence via SA-ß-galactosidase assay.
Gene expression of chondrogenic and inﬂammatory marker genes was
analyzed with qPCR, glycosaminoglycan content with DMMB assay and
activation of pro-inﬂammatory signaling pathways with western blot
and ELISA.
Results: 3 days of stimulation with SP (10-8M), resulted in a decrease of
proliferation in OA chondrocytes compared to controls (no stimulation),
whereas after 7 days of stimulation with aCGRP (10-8M) a signiﬁcantly
reduced proliferation rate was measured in OA and non-OA chondrocytes. Apoptosis was clearly modulated by both neuropeptides in OA
chondrocytes. SP (10-8M and 10-10M), but also aCGRP (10-10M)
increased caspase 3/7 activity in OA cells. In contrast, aCGRP (10-10M)
has beneﬁcial effects on non-OA chondrocytes by decreasing apoptosis
signiﬁcantly. The SA-ß-galactosidase assay revealed, that OA chondrocytes reacted with an enhanced activity on stimulation with SP and
aCGRP (both 10-8M). We determined decreased expression of anabolic
genes COL2A1, COL9A1, SOX9 and ACAN in OA chondrocytes after
stimulation with SP (10-10M and/or 10-8M), whereas the gene
expression level of BMP-4, VEGFR and COL9A1 was increased in non-OA
chondrocytes after stimulation with aCGRP (10-8M). In contrast, OAchondrocytes reduced COL9A1 gene expression after aCGRP stimulation
(10-8M and 10-10M). Examination of the glycosaminoglycan (GAG)
content in ﬁbrin gels (3D cell culture) via DMMB assay showed a
decrease in GAG content after stimulation with aCGRP (10-10M) in OA
chondrocytes. Gene expression of pro-inﬂammatory cytokines IL6, IL1B
and TNFA was increased after stimulation with SP (10-8M) in OA
chondrocytes. IL1B was also increased when OA-chondrocytes were
stimulated with a lower dose of SP (10-10M). In non-OA chondrocytes,
SP (10-8M and 10-10M) increased gene expression of COX2, and IL6
expression was increased in non-OA chondrocytes after stimulation
with SP (10-8M). aCGRP did not affect any of the analyzed inﬂammation
markers in both chondrocyte groups. To reveal the mechanism behind
these effects, we examined the level of the second messenger cyclic
AMP (cAMP). In non-OA chondrocytes, both neuropeptides provoked an
increase in the cAMP-level after stimulation with a high concentration
(10-8M), compared to the unstimulated control. However, in OA
chondrocytes, only 10-10M aCGRP increased cAMP level signiﬁcantly. In
addition, both neuropeptides induced phosphorylation of ERK and AKT
within 5-15 minutes in non-OA chondrocytes, whereas in OA chondrocytes only the induction of ERK phosphorylation was observed, but
not the induction of AKT.
Conclusions: We conclude for SP and aCGRP dose-dependent and
especially environment-dependent effects on chondrocytes. SP provokes catabolic responses in OA-chondrocytes, by inducing the
expression of pro-inﬂammatory genes and decreased expression of
chondrogenic genes. In addition, SP enhances apoptosis and senescence
and decreases proliferation, possibly mediated by activation of the ERK
pathway. Most of these SP-mediated effects were not observed in nonOA chondrocytes with exception of increased IL6 gene expression level
accompanied by an increase in COX2 gene expression. These Results
indicate, that the pro-inﬂammatory effect of SP is in part independent of
the cellular environment, whereas the catabolic effects of SP are closely
related to the OA phenotype of the chondrocytes. In contrast, aCGRP
affects chondrocytes in an ambivalent manner, suggested by the fact
that apoptosis was reduced in non-OA chondrocytes, senescence was
increased in OA-chondrocytes and proliferation was impaired in both
chondrocyte groups. Mostly, aCGRP did not modulate inﬂammation
markers, but enhanced chondrogenic markers like COL9A1 and BMP-4
in non-OA chondrocytes, but decreased chondrogenic markers like
COL2A1 and COL9A1 in OA chondrocytes, indicating a pro-chondrogenic effect only in a non-OA environment. As the cAMP-level, plus the
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phospho-ERK level, were increased in OA and non-OA chondrocytes
after aCGRP stimulation, these pro-chondrogenic effects are probably
not only mediated via those signaling pathways. In non-OA chondrocytes, SP and aCGRP induced the AKT pathway, whereas AKT was
not phosphorylated in OA chondrocytes via neuropeptide stimulation,
which indicates different active signaling cascades presumably caused
by the microenvironment from which the cells originated.
PRESENTATION NUMBER: 122
IS THE CILIARY PROTEIN INTRAFLAGELLAR TRANSPORT 88 A
DAMPENER OF MECHANICAL CUES IN ADOLESCENT EPIPHYSEAL
PLATE CLOSURE?
C.R Coveney 1, J. Miotla-Zarebska 1, H.J. Samvelyan 2, J. Carnegie 1,
E. Chang 1, C.J. Corrin 1, T. Coveney 1, B. Stott 1, I. Parisi 1, C. Duarte 1,
T.L. Vincent 1, K.A. Staines 2, A.K. Wann 1. 1 The Kennedy Inst. of
Rheumatology, Univ. of Oxford, Oxford, United Kingdom; 2 Sch. of
Pharmacy and Biomolecular Sci., Univ. of Brighton, Brighton, United
Kingdom
Purpose: As skeletal maturity is approached, long bone elongation
draws to a close and the cartilaginous growth plate (GP) ossiﬁes and
fuses as bone bridges form. This is likely a pivotal moment for the
appendicular skeleton, but our mechanistic appreciation of how this
process is orchestrated is limited. We have been studying how chondrocytes integrate biological cues, such as growth factor signalling, and
mechanical forces, and have investigated the mechanosensitivity of
epiphyseal fusion and roles for putative mechanotransduction machinery, including the primary cilium, in these contexts. Here we asked
whether primary cilia have a mechanotransduction role in the juvenile
GP and adolescent epiphyseal fusion.
Methods: We used an inducible aggrecan (ACAN) Cre mouse model,
enabling temporal deletion of the core ciliary protein IFT88 in cartilage
to investigate GP narrowing dynamics and closure from 4 - 10 weeks of
age. Both control (Ift88ﬂ/ﬂ) and cKO (Ift88ﬂ/ﬂ;ACANCreERT2) were injected
with tamoxifen (I.P.). Cre activity was validated using a ROSA26TdTomato reporter line. Animals were exposed to (i) sciatic and femoral
double neurectomy (DN) to off-load the right hind limb (immobilised
DN) whilst the left bears full weight (contralateral DN) at 8 weeks of
age, or (ii) voluntary wheel exercise between 8 and 10 weeks of age.
Joints were scanned by mCT before histomorphometric analyses of tibial
GP using Safranin-O/fast green, TUNEL, Collagen type X (ColX) immunohistochemistry, Von Kossa and TRAP. Cryosections of mouse GPs
were analysed by confocal microscopy to investigate primary cilia
prevalence and RNA scope was used to identify molecular mechanisms
in situ. Medians +/- 95% conﬁdence intervals quoted throughout below,
Two-way ANOVA statistical comparisons.
Results: We have, for the ﬁrst time, investigated the role of cilia beyond
4 weeks of age. mCT analysis showed GP length in wild-type mice
reduces from ~260 mm to 130 mm between 4 and 10 weeks of age.
Deletion of IFT88 in juvenile mice at 4 or 6 weeks of age resulted in
longer GPs in cKO mice at every timepoint compared with control mice
(Fig. 1A, 1st and 2nd panel and 1B). Thus, two weeks after tamoxifen,
cKO GP lengths were not statistically signiﬁcantly different to controls
at time of treatment, indicating inhibition of GP closure. Deleting IFT88
at 8 weeks of age also resulted in longer GPs (p< 0.0001, n¼12 controls,
n¼23 cKO). Interestingly, some cKO mice exhibited extremely elongated
GPs at the edges of the tibia, which appeared as large holes by mCT (Fig.
1A), whilst the centre of the GP appeared less affected. Histology conﬁrmed longer GPs were predominantly characterised by increases in
hypertrophic chondrocyte populations. The large, often bi-lateral
“holes”, observed by mCT were largely ﬁlled with disorganised hypertrophic chondrocytes, as indicated by IHC labelling for ColX. Interestingly limb immobilisation, (DN), at 8 weeks of age, rescued the GP
phenotype observed in IFT88 cKO mice (Fig. 1A, 2nd and 3rd panels, and
1C), whilst the contralateral, unoperated (increased load-bearing) limb
exhibited bi-lateral failure of ossiﬁcation, similar to that observed in
IFT88 cKO mice. Compared with naïve controls, wheel-exercised mice
also displayed elongated GP (p< 0.0001, n¼12 controls, n¼10 wheel
exercised) (Fig. 1A, 4th panel, and 1C) at 10 weeks of age. These
expanded GP were, again, most pronounced at the edges of the tibia,
whilst the centre of the GP appeared less affected and again was largely
ﬁlled with disorganised, differentiated, ColX positive hypertrophic
chondrocytes. In both wheel exercised and IFT88 cKO mice, regions of
failed ossiﬁcation, but not middle regions, were associated with loss of
osteoclast activity. Confocal imaging and analysis revealed a statistically

S107

signiﬁcant (p< 0.001) decrease in cilia positive cells in wheel exercised
mice (32.9%, n¼5) compared with control (40.7%, n¼4) and IFT88cKO
mice (p< 0.0001, (23.4%, n¼4) compared with controls (40.7% n¼4) at
10 weeks of age. Ongoing experiments are investigating 3D spatial
analysis of fusion mechanisms, and the status of ciliary Hh signalling
(Gli1, by RNAscope) within GP from control, DN, exercised, and cKO
mice to dissect the apparently negative, regulatory role IFT88 is plays in
the mechanical regulation of epiphyseal fusion.
Conclusions: We conclude that IFT88 unequivocally plays a role in GP
closure, its removal resulting in failed ossiﬁcation of the GP, without
disruption to chondrocytic lineage differentiation. This phenomenon,
observed in cKO animals, is mechanosensitive with limb immobilisation
rescuing the phenotype, suggesting, paradoxically, that IFT88 is
dampening a mechanically-induced signal in the GP. Wheel exercise
also resulted in impaired ossiﬁcation thus these data collectively unveil
both the acute response of the adolescent mouse GP to exercise and,
through Ift88 deletion (cKO), a novel mechanoregulatory mechanism
orchestrated by ciliary IFT. The effects of altered mechanics and
mechanotransduction are most pronounced in the hypertrophic zone
where cells are apparently trapped short of transdifferentiation.
Osteoclast recruitment and/or activity is impaired, and bone formation
inhibited. These Results may have implications for our understanding of
hypertrophic chondrocyte biology in articular cartilage in OA. Moreover,
it has been proposed that changes to mechanical inputs during adolescence and associated cam morphology contribute to hip OA development. In adolescent patient cohorts, high levels of exercise lead to
cartilaginous hypertrophy, epiphyseal extension, cam development,
and reduced rates of GP closure. Femoral and tibial epiphyseal extension has also been observed in adolescent athletes that sustain repetitive trauma through high intensity exercise. This research is crucial to a
holistic understanding of skeletal mechano-biological health, and the
effects of exercise, on the maturing appendicular skeleton

PRESENTATION NUMBER: 123
IN VITRO AND IN VIVO CHARACTERISATION OF SENESCENCE
MARKERS IN OSTEOARTHRITIS
M. Georget 1, 2, N. Bon 1, 2, C. Vignes 1, 3, J. Lesoeur 1, 3, C. Boyer 1, 2,
A. Defois 1, 2, B. Bodic 1, 2, G. Grimandi 1, 4, J. Guicheux 1, 5, C. Vinatier 1, 2.
1
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Nantes, France,; 4 Univ. of Nantes, UFR Sci. Biologiques et
Pharmaceutiques, Nantes, France,; 5 CHU Nantes, PHU4 OTONN, Nantes,
France
Purpose: Osteoarthritis (OA) is the most prevalent osteoarticular disease and a major cause of disability in aging adult. OA is characterized
by cartilage breakdown, synovial inﬂammation, osteophyte formation,
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and subchondral bone remodelling. While OA is associated with a huge
societal and economic burden, no efﬁcient disease-modifying drug still
exists today. In addition to obesity, metabolic disorders, and trauma,
one of the major risks of OA is ageing. Ageing is a complex physiological
process that relates to a gradual decline in certain functions, coordination, loss of homeostasis, and physiological integrity. Among the
underlying mechanisms associated with age-related diseases including
OA, an accumulation of senescent cells has been observed. Interestingly
enough, the elimination of such senescent cells has been shown to
reduce pain and increase cartilage regeneration in murine post-traumatic OA. To further decipher the role of senescence in OA onset and
development, our work aims to describe the location of senescent cells
in vivo within the different joint tissues involved in age-related OA as
well as investigate the in vitro senescence-associated inﬂammatory
response of chondrocytes.
Methods: To assess the expression of senescence markers during agerelated OA, knee joints of male C57BL/6 mice of increasing age (1, 6, 12,
18, and 24 months) were harvested. Mice knee joints (n¼5) of each age
group were decalciﬁed and embedded in parafﬁn. 5mm sections were
stained with Safranin-O for OARSI scoring. Immunohistochemistry for
senescence markers (p21CIP-1, p16INK4A, PAI-1, and caveolin-1 (CAV-1)),
as well as cartilage extracellular matrix proteins (type II collagen, and
the aggrecan neoepitope NITEGE), were performed. In vitro, to investigate the relationship between inﬂammation and senescence in
chondrocytes, TC28a2 chondrocyte cell line and primary human articular chondrocytes (hAC) seeded at 15,000 cells /cm2 were stimulated
with IL-1b (10 ng/ml; 24 to 72h). To induce senescence, TC28a2 and hAC
were seeded at 15,000 cells /cm2 and treated with etoposide (20mM;
24h) and maintained in culture up to 192h. The effects of IL-1b and
etoposide on senescence (p16Ink4A, p21CIP1, p53, PAI-1) and chondrocyte
markers (MMP3, MMP13, COL2A1, and ACAN) were evaluated at the
transcript and protein levels.
Results: Our in vivo results showed a gradual increase in the expression
of senescence markers (P16INK4A, P21CIP-1, PAI-1, and CAV-1) with
increasing ages, which correlates with an increase in OA score as well as
the detection of the aggrecan degradation neoepitope NITEGE. Consistently, an age-related decreased in type II collagen was observed in
the knee joints of mice with escalating ages. IL 1-b treatment of TC28a2
and hAC resulted in a decrease in COL2A1 and ACAN at 48h and 72h. As
expected, an increase in inﬂammatory (COX2) and catabolic markers
(MMP-3 and MMP-13) from 24h to 72h, was observed. However, no
signiﬁcant modiﬁcation of senescence markers (p16Ink4A, p21CIP1, p53,
and PAI-1) expressions was observed. Etoposide treatment induced a
drop in cell proliferation from 24h to 72h before a stabilization in the
numbers of viable cells up to 192h in both cell types. Following etoposide treatment, we observed a signiﬁcant decrease in COL2A1
expression at 72h in both cell types and the induction of MMP-3 and
MMP-13 at 24h and 72h in human chondrocytes. Etoposide treatment
also triggered an augmentation of the senescence markers p21CIP1 and
PAI-1 as early as 24h in both types of chondrocytes.
Conclusions: To summarize, our in vivo Results highlights that senescence increases in correlation with age and OA severity in a spontaneous age-related OA murine model. Our in vitro data also suggest that
IL-1b, a cytokine commonly used to in vitro simulate the OA-associated
inﬂammation, did not induce a marked cellular senescence in human
chondrocytes when cultured in our conditions. On the contrary, the
topoisomerase inhibitor, etoposide was found to induce senescence in
the TC28a2 chondrocytic cell line and primary human articular chondrocytes. This model of etoposide-induced senescence in chondrocytes
could be a useful tool to study the complex role of senescence in OA
chondrocytes as well as evaluate anti-OA therapeutic approaches targeting senescence.
Acknowledgements: This work was supported by research grants from
FOREUM Foundation for Research in Rheumatology (SEN-OA) and the
ANR project KLOTHOA (ANR-18-CE14-0024-01).
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DEVELOPMENT OF A PRIMARY SKELETAL MUSCLE CELL CULTURE
MODEL FROM HUMAN MUSCLE BIOPSIES
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Purpose: This work aimed to develop and validate a culture model of
primary human skeletal muscle cells.
Methods: Muscle biopsies were obtained post-mortem from the vastus
lateralis. The biopsies were enzymatically digested with collagenase 1A
(1mg/mL) and dispase II (4,8mg/mL) for 60 minutes at 37 C in order to
isolate ﬁbroblasts and satellite cells. Then, the satellite cells (CD56+)
were separated from ﬁbroblasts (CD56-) by two methods: pre-plating
or immunomagnetic cell sorting using an anti-CD56 antibody, a transmembrane glycoprotein expressed on the surface of satellite cells.
Indeed, some human muscle biopsies contain a high proportion of
ﬁbroblasts that can contaminate the myoblasts cell culture if the separation method is not efﬁcient. The performance of these cell separation
methods was evaluated by FACS. We also compared the effects of two
culture media on myoblasts proliferation (10%FBS vs. 10%FBS + 2%
Ultroser G (UG)) using cell doubling time as parameter. Two differentiation media (2%FBS vs. 0.5%UG) were tested on the myogenic index,
which corresponds to the proportion of cells that have fused to form
myotubes. This index was determined through the detection of the
myosin heavy chain (MYH) by immunoﬂuorescence. Finally, we studied
the expression of several muscle cell markers during myogenesis by
qRT-PCR and immunoﬂuorescence.
Results: The cells obtained from the enzymatic digestion of the biopsy
contained a varying proportion of CD56+ satellite cells (86,15 ± 12,09%;
95%CI:73,45 to 98,84). The cell population obtained after immunomagnetic cell sorting method contained more than 92% of CD56+ cells
(96,11 ± 3,27%; 95%CI:92,68 to 99,54). In comparison, the ratio of CD56+
obtained by the preplating method was lower (84,19 ± 9,94%; 95%
CI:73,76 to 94,62), but no signiﬁcant difference was observed between
both methods. The cell doubling time was signiﬁcantly shorter with
culture media containing 10%FBS and 2%UG than with the media containing only 10%FBS (25.70 ± 3,96h vs. 70.64 ± 21,68h, p ¼ 0.0313). The
myogenic index was slightly higher with the 0.5%UG than 2%FBS differentiating medium (62,75% ± 8,57% vs. 56,39 ± 16,45%). Finally, the
increase of MyoD1, myogenin and MYH, three markers of differentiation, indicated the phenotypic transition of myoblasts to a myogenic phenotype.
Conclusions: Immunomagnetic cell sorting allows better satellite cells
and ﬁbroblasts separation than the conventionally used preplating
technique. Ultoser G serum substitute accelerates cell proliferation and
improves the differentiation of myoblasts into myotubes. The markers
MyoD1, myogenin and MYH are good markers of the myogenic differentiation of myoblasts. This in vitro model makes it possible to purify
efﬁciently muscle satellite cells from human muscle biopsies. These
cells can be used in in vitro studies to study the pathophysiological
mechanisms of muscle disease and the mechanisms of action of treatments.
PRESENTATION NUMBER: 125
DEVELOPMENT OF A HUMAN OSTEOCHONDRAL CONSTRUCT ON A
MICROFLUIDIC CHIP e TO ADVANCE FUNCTIONAL STUDIES OF
OSTEOARTHRITIS RISK GENES
M. Tuerlings 1, I. Boone 1, H. Eslami Amirabadi 2, J.M. den Toonder 1,
Y.F. Ramos 1, I. Meulenbelt 1. 1 Leiden Univ. Med. Ctr., Leiden, Netherlands;
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Purpose: To advance functional follow up research of strong OA risk
genes that have been frequently found to play a role in the osteochondral unit of the joint tissues, we developed a human in-vitro
model system, mimicking the interacting joint tissues bone and
cartilage.
Methods: The microﬂuidic chip used in this study consists of a chondrogenic and an osteogenic channel, separated by an electrospun polycaprolactone (PCL) matrix (Fig. 1). Primary osteogenic cells were
seeded in the PCL matrix. After culturing the osteogenic cells for seven
days, primary chondrocytes were seeded in the chondrogenic compartment, on top of the PCL matrix (RAAK-study, N¼8 chips, N¼4
patients). After a total culture period of 28 days, the chips were sacriﬁced and matrix production and gene expression were analyzed by
histology and RT-qPCR. As a reference, we included 3D cell pellet
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cultures of the same patients and we included RNAseq data of preserved
OA articular cartilage and subchondral bone of N¼15 additional
patients.
Results: As shown in cross sections of the osteochondral construct
under the light microscope after 4 weeks of culturing (Fig. 2, left
panel), a layer of cartilaginous matrix was deposited on top of the PCL
electrospun matrix, while the osteogenic matrix appeared to be
deposited between the PCL ﬁbres. Subsequent Alcian Blue staining
(Fig. 2, middle panel) conﬁrmed presence of glycosaminoglycans
(GAGs), one of the major components of the cartilage, whereas Alizarin red staining (Fig. 2, right panel) visualized mineralized tissue.
Upon measuring gene expression levels, we found cartilage marker
COL2A1 being signiﬁcantly higher expressed in the chondrogenic
compartment compared to the osteogenic compartment (fold difference (FD)¼9.0, P¼0.020; Fig. 3, upper left panel). A similar pattern
appeared in COL2A1 expression found in individual chondrogenic and
osteogenic in vitro cell pellet cultures that were generated as a reference (Fig. 3, upper right panel). Similarly, the bone marker SPP1
expression was signiﬁcantly higher in the osteogenic compartment
compared to the chondrogenic compartment (FD¼8.4, P¼0.034 Fig. 3,
lower left panel) and again a similar pattern was found in SPP1
expression levels in individual chondrogenic and osteogenic in vitro
cell pellet cultures that were generated as a reference (Fig. 3, lower
right panel)
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Figure 3 Gene expression levels of cartilage marker COL2A1 and of

bone marker SPP1 in the tissue isolated from the chips (left panel),
the cell pellet cultures (middle panel), and in the RNAseq data of
preserved OA tissue (right panel). CH indicates chondrogenic compartment/chondrogenic cell pellet culture, while OB indicates
osteogenic compartment/osteogenic cell pellet culture.
Conclusions: We developed a microﬂuidic chip that could serve as a
tailored human in vitro OA disease model of the osteochondral unit of
joints. Given the multi-tissue function of currently identiﬁed OA risk
genes such as e.g. IL11, MGP and TGFA, such a model enables translation
towards underlying biological mechanisms, preclinical studies on target
discovery and eventually drug testing.
PRESENTATION NUMBER: 126
DEVELOPMENT OF A NEW METHOD FOR ANALYSIS OF THE MRNA
CONTENT OF KNEE SYNOVIAL FLUID
K. Takahata 1, 2, K. Arakawa 1, 2, K. Ozone 1, Y. Usami 1, Y. Aizawa 1,
H. Takahashi 1, M. Yoneno 1, K. Murata 1, N. Kanemura 1, T. Kokubun 1.
1
Saitama Prefectural Univ., Koshigaya-shi, Japan; 2 Aoki Central Clinic,
Kawaguchi-shi, Japan

Figure 1 Schematic overview of microﬂuidic chip design.

Figure 2 Cross section of osteochondral construct isolated from the

microﬂuidic chip (left panel), cross section stained for GAGs with
Alcian Blue (middle panel), and cross sectioned stained for mineralization with Alizarin Red (right panel).

Purpose: Knee osteoarthritis (OA), which affects a signiﬁcant number of
individuals worldwide, is characterized by joint cartilage injury, which
is the main target of medical therapy and rehabilitation. Lately, the
synovial ﬂuid has attracted much attention as a diagnostic index that
reﬂects the pathophysiology of OA. Reportedly, among the various
biomarkers that have been investigated, the synovial ﬂuid may be an
accurate indicator of changes in joint tissue (Jonathan B Catterall et al.,
2010); it contains molecules that reﬂect the biochemical processes in
the knee joint and can indicate changes in these processes over time
based on altered molecular constituents because it is in contact with
intra-articular tissues such as the articular cartilage and synovial joint(FE Watt et al., 2020). Many studies have reported synovial ﬂuid
analysis in patients with OA; analysis of the protein content of the
synovial ﬂuid obtained by joint lavage is the most common method
used in rodent model studies. However, only a small quantity of synovial ﬂuid can be analyzed in rodents; therefore, obtaining synovial ﬂuid
by joint lavage and its analysis is challenging in rodent model studies.
Additionally, few studies have reported analysis of the messenger RNA
(mRNA) levels in synovial ﬂuid using joint lavage in a rodent model.
Therefore, in this study, we introduced a novel method for analysis of
mRNA in synovial ﬂuid using a hydrogel that swells in liquids.
Methods: In this study, we compared a novel method with the conventional analytical method. Six male C57BL/6 mice (20 weeks old)
underwent non-invasive anterior cruciate ligament (ACL) rupture under
deep anesthesia and were categorized into the hydrogel and joint lavage groups (n ¼ 3 each). Synovial ﬂuid samples were obtained 3 days
after ACL rupture. In the hydrogel group, we injected 50 mL of oligotetra-polyethylene glycol gel into the joint capsule using a 26 gauge
needle. The tissue surrounding the knee joint was cut 5 min later, and
hydrogel that swelled synovial ﬂuid and gelled was obtained. In the
joint lavage group, 50 mL of saline was injected into the joint capsule
using a 26 gauge needle to obtain synovial ﬂuid. The synovial ﬂuid was
subjected to total RNA extraction and cDNA synthesis, and the cycle
threshold(Ct) values for glyceraldehyde 3-phosphate dehydrogenase
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(GAPDH) and tumor necrosis factor (TNF)-a were measured using the
StepOne™ Real-Time PCR System (Thermo Fisher Scientiﬁc). This study
was approved by the Ethics Committee of Saitama Prefectural University and was performed in strict conformance with the on-campus
animal experiment guidelines (approval number: 2020-6).
Results: The GAPDH and TNF-a expression levels were higher in the
hydrogel group than in the joint lavage group. However, overall, a signiﬁcant difference was observed in the GAPDH and TNF-a expression
levels, and TNF-a was not expressed within 45 cycles in the joint lavage
group (Fig 1, 2).
Conclusions: To date, many studies in rodent models have reported
analysis of the protein content of synovial ﬂuid; however, few studies have
analyzed the mRNA content of synovial ﬂuid using real-time polymerase
chain reaction assays. The GAPDH and TNF-a expression levels were
higher in the hydrogel group than in the joint lavage group; however, the
difference between the GAPDH and TNF-a expression levels was signiﬁcant in both groups. Joint lavage is the most common method used to
obtain synovial ﬂuid; however, whether the synovial ﬂuid can effectively
be obtained through this approach is uncertain because it is difﬁcult to
clearly view the inside of the joint capsule. For example, a needle inserted
into the joint cavity to obtain synovial ﬂuid might touch the fat pad and/or
the synovium, and tissue obtained from these surfaces may reﬂect the
molecular constitution/changes in the synovial ﬂuid (using tests such as
the enzyme-linked immunosorbent assay). In contrast, hydrogel injected
into the joint capsule swells on contact with liquid from the surrounding
environment and Results in gelling of synovial ﬂuid. This facilitates adequate separation of the synovial ﬂuid from the surrounding tissue for
easier obtainment. The higher mRNA expression level observed in the
hydrogel group was attributed to this phenomenon. However, a signiﬁcant
difference was observed between the GAPDH and TNF-a expression levels.
Therefore, future studies are warranted to conﬁrm the efﬁcacy of our novel
method that utilizes hydrogel to obtain synovial ﬂuid and to prove its
advantages over joint lavage by analysis of other factors including proteins

PRESENTATION NUMBER: 127
POST-TRANSLATIONAL MODIFICATION OF THE SMAD2/3 LINKER
REGION: THE MISSING LINK BETWEEN OSTEOARTHRITIS-RELATED
INFLAMMATION AND DISTURBED TRANSFORMING GROWTH
FACTOR-b SIGNALING
N. Thielen, A. van Caam, M. Neefjes, E. Blaney Davidson,
P. van der Kraan. Radboud Inst. for Molecular Life Sci., Nijmegen,
Netherlands
Purpose: Osteoarthritis (OA) is a degenerative joint disease characterized by inﬂammation and irreversible cartilage damage. The development of OA is associated with dysregulated transforming growth
factor-b (TGF-b) signaling, e.g. with loss of SMAD2/3 signaling. Via
intracellular activation of these transcription factors TGF-b inhibits
chondrocyte hypertrophy and expression of cartilage degrading
enzymes. Recently, it has been shown that post-translational modiﬁcation of these SMAD proteins in their linker protein domain can
dysregulate their function. We investigated if inﬂammation can trigger
such post-translational modiﬁcations via activation of intracellular
kinases (e.g. MAPK) and phosphatases, and therefore dysregulates TGFb signaling via linker-modiﬁcations in chondrocytes.
Methods: To begin, we investigated the effect of inﬂammation of TGFb
signalling ex vivo. For this, we used a model in which bovine cartilage
explants are cultured for 2 weeks which induces hypertrophy-like differentiation, as measured by strongly increased Col10a1 mRNA
expression, but this induction can be potently blocked by TGFb1. In this
model we modulated hypertrophy by adding TGF-b combined with 0.1
ng/ml IL-1b or 0.5% OA synovium-conditioned medium (OAS-cm). This
OAS-cm was obtained by culturing synovium from OA patients for 24h.
Hereafter we studied the interaction in vitro. For this we used three
different human chondrocyte cell lines (G6, H11, SW1353) and primary
bovine and human chondrocytes. To explore the mechanism in vitro, we
investigated SMAD2/3 transcriptional activity with a reporter assay in
which a SMAD2/3 Binding Element (SBE) drives luciferase expression.
Furthermore, we measured TGF-b receptors expression, inhibitory
SMAD expression, SMAD2/3 C-terminal phosphorylation and post
translational modiﬁcation of SMAD2/3 on their linker region. To further
explore the importance of SMAD linker modiﬁcations, we made use of
four different SMAD3 variants which cannot be phosphorylated on
speciﬁc sites in their linker domain, and overexpressed these in chondrocytes. We conﬁrmed over 90% equal overexpression using FACS for
the ﬂag epitope attached to these variants.
Results: In all three chondrocyte-cell lines and primary human and
bovine chondrocytes TGF-b potently induced SMAD2/3 C-terminal
phosphorylation and SMAD2/3 transcriptional activity. Furthermore,
TGF-b strongly inhibited chondrocyte hypertrophic differentiation in
bovine tissue explants ex vivo. However, pre-incubation of those
explants for 1 hour with either IL-1b or OAS-cm prior to addition of
TGF-b strikingly negated anti-hypertrophic TGF-b signaling with ~2.2
fold (1.2 DCt, p ¼ 0.0144) and ~7.0 fold (2.8 DCt, p ¼ 0.0113) difference
respectively. Importantly, these dosages of IL-1b and OAS-cm had no
effect on hypertrophy themselves. Moreover, addition of IL-1b or OAScm signiﬁcantly dose-dependently inhibited SMAD2/3 transcriptional
activity in three chondrocyte-cell lines by up to 90%. In search of an
explanation for this strong inhibition, we investigated receptor
expression but this was not changed, and c-terminal SMAD phosphorylation, but this was neither inhibited nor shifted from protective
pSMAD2/3 to deleterious pSMAD1/5. This indicates that this effect is
downstream of direct receptor-mediated SMAD activation. Therefore
we ﬁrst measured expression of inhibitory-SMAD 6 and 7 which can
inhibit SMAD2/3 signalling, but expression of these genes was not
induced by OA-related inﬂammation. Next, we studied linker phosphorylation at speciﬁc threonine and serine residues in the SMAD linker
via Western blot in chondrocytes. SMAD2 and 3 linker threonine (T220
and T179 respectively) and serine (S245/250/255 and S204/208/213
respectively) modiﬁcations were observed within 1h following IL-1b or
OAS-cm stimulation. We transduced adenoviruses in chondrocytes
containing SMAD mutants which cannot be phosphorylated in the
linker at different sites, and conﬁrmed equal over-expression with FACS.
When we overexpressed SMAD mutant which cannot be phosphorylated at the serine 204 site we observed that TGF-b signalling was less
affected by IL-1b or OAS-cm, with 22% and 8% less inhibition with IL-1b
or OAS-cm respectively. On the other hand, TGF-b signaling was completely inhibited by IL-1b or OAS-cm when SMAD mutants which
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cannot be phosphorylated at serine 213 or threonine 179 were overexpressed.
Conclusions: Our Results show that pro-inﬂammatory mediators IL-1b
and OAS-cm greatly inhibit protective SMAD2/3 signaling and the antihypertrophic effect of TGFb via SMAD2/3. Mutation of one amino acid in
the linker protein domain on serine 204 negated this inhibitory effect,
while mutation on serine 213 or threonine 179 strengthen the inhibition. This conﬁrms direct evidence that linker modiﬁcations are
important regulators for SMAD2/3 signaling in chondrocytes. Investigation on which intracellular kinases and phosphatases are responsible for these inﬂammation-induced SMAD2/3 linker modiﬁcations in
chondrocytes may represent a new therapeutic target for OA.
PRESENTATION NUMBER: 128
OSTEOMODULIN IMPACTS POSITIVELY THE BONE REMODELING
PROCESS IN OSTEOARTHRITIS
J. Zappia 1, R. Van der Cruyssen 2, 3, C. Sanchez 1, C. Lausberg 1,
C. Lambert 1, A. Florin 1, D. Elewaut 2, 3, Y. Henrotin 1, 4. 1 musculoSKeletal
^le Li
Innovative research Lab (mSKIL), Arthropo
ege, Ctr. for
Interdisciplinary Res. on Med.s (CIRM), ULi
ege, Li
ege, Belgium; 2 Dept. of
Rheumatology, Ghent Univ., Ghent Univ. Hosp., Ghent, Belgium; 3 Unit
for Molecular Immunology and Inﬂammation, VIB Ctr. for Inﬂammation
Res., Ghent, Belgium; 4 Dept. of physiotherapy and functional
rehabilitation, Princess Paola Hosp., Vivalia, Marche- en-Famenne,
Belgium
Purpose: Osteomodulin (OMD) is a Small Leucine Rich Proteoglycan
(SLRP) highly speciﬁc of the bone extracellular matrix. Its production
and expression are impaired in subchondral bone sclerosis associated
with osteoarthritis (OA). This study aimed to investigate the effects
OMD on osteoblasts and osteoclasts in culture.
Methods: Different concentrations of OMD (2.5, 10, 40 and 160 ng/ml),
corresponding to the range of OMD concentration found in the supernatant of primary in vitro human osteoblast cultures, were tested on
human sclerotic osteoblasts in culture. The osteoblasts from either
sclerotic or non-sclerotic area of the cortical bone of OA patients were
isolated, non-sclerotic osteoblast serving as control. The mineralization
of the osteoblast cultures was assessed with the Alizarin red staining at
17-day of differentiation. To analyze the effect of OMD on osteoclasts,
the bone marrow of mice was harvested and cells were differentiated
with RANKL and M-CSF into osteoclasts and stopped at 4-day of differentiation. To investigate the effect OMD on osteoclast differentiation,
OMD (10 and 40ng/ml and 5mg/ml) was mixed to RANKL and M-CSF. The
number of osteoclasts was reported after a TRAP staining. The binding
of RANKL-OMD was evaluated with a Solid Phase Binding Assay. In this
test, RANKL was coated on a Nickel plate, incubated with OMD and
OMD/RANKL complexes revealed with a polyclonal antibody.
Results: No mortality was observed at the concentrations tested. Sclerotic osteoblast cultures showed a strong decrease of mineralization in
comparison with non-sclerotic osteoblasts. OMD partially restored the
mineralization in the sclerotic osteoblast cultures (Fig. 1A). The solid
phase binding assay demonstrated the ability of OMD to bind RANKL.
The biological consequence of this binding was tested on primary
murine osteoclasts in culture. Preliminary results with the pre-mix of
RANKL/M-CSF with OMD, showed a drastic decrease of the osteoclasts
differentiation, and it is even fully blocked at 5mg/ml (Fig. 1B)

Conclusions: OMD is a major proteoglycan in the bone extracellular
matrix turnover. It improves the mineralization and inhibits the
osteoclast differentiation through the capture of RANKL. The decrease of
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OMD content in the OA subchondral bone could trigger the sclerosis by
initiating or enhancing the imbalance of the bone matrix remodeling.
This research was funded by the F.R.S.-FNRS for the “EOS: The Excellence of Science -Join-t-against-Osteoarthritis”, grant number
30480119, and by a research grant from the Osteoarthritis Foundation
www.osteoarthritisfoundation.eu .
PRESENTATION NUMBER: 129
PAIN-, TISSUE DEGENERATION-, AND SYNOVIAL TRANSCRIPTOMEBASED
SEX
DIFFERENCES
IN
MURINE
POST-TRAUMATIC
OSTEOARTHRITIS
R. Bergman, P. Rzeczycki, L. Junginger, L. Lammlin, S. Goldman,
C. Rasner, S. Redding, S. Cheong, T. Maerz. Univ. of Michigan, Ann Arbor,
MI, USA
Purpose: There remains a paucity of research on sex-based pathophysiological differences in the development of post-traumatic osteoarthritis (PTOA). Thoroughly characterizing sex differences is crucial to
the assessment of the molecular mechanisms governing observed discrepancies in order to more comprehensively understand PTOA
pathogenesis and, importantly, may aid in the development of sexspeciﬁc treatments. The purpose of this study was to elucidate sex
differences in synovitis, nociception, structural degeneration, tissue
remodeling, and the synovial transcriptome in a noninvasive anterior
cruciate ligament rupture (ACLR) mouse model of PTOA.
Methods: With IACUC approval, adult male and female C57BL/6 mice
aged 12 weeks underwent either tibial compression overload to noninvasively induce ACLR or a sham procedure (analgesia and anesthesia
only) (n¼9/sex/group/timepoint). Mechanical allodynia and knee
hyperalgesia were measured longitudinally over 28 days using manual
von Frey testing and the Randall-Siletto pressure application test,
respectively (blinded). Matrix metalloprotease (MMP) activity was
longitudinally quantiﬁed in vivo over 28 days using near-infrared (NIR)
molecular imaging with the MMPSense probe (Perkin Elmer) (4mL,
injected intra-articular). Limbs were then harvested for end-point
analysis at both 7d (peak inﬂammation) and 28d (established PTOA).
SafO/Fast-Green staining of sagittal joint sections was used to perform
histological grading of OA and synovitis (blinded). MMP13 immunostaining was used to assess MMP13+ cell density in relevant joint tissues.
Micro-computed tomography was used to quantify osteophyte size and
subchondral, epiphyseal, and metaphyseal bone morphometry (ongoing, data not shown). In additional mice, whole synovium (including
anterior fat pad) was microdissected at 7d and 28d post-ACLR and
homogenized in Trizol. Age- and sex-matched Sham mice were used as
healthy controls (n¼6/sex/group/timepoint). RNA was isolated using
RNeasy Mini kits (Qiagen), and quality/purity was conﬁrmed (RIN>6.5,
28S/18S > 1.0). cDNA libraries were prepared using oligo dT primers,
and sequencing was performed using the BGISeq-500 platform (100 bp
paired-end reads, >40M clean reads per sample). Read counts were
used for downstream differential expression and gene ontology (GO)
analysis. All analyses used fold change > 2.0 and Q value (i.e. FDR) < 0.05
to identify differentially-expressed genes and differentially-regulated
pathways.
Results: ACLR led to signiﬁcant nociceptive sensitization in both males
and females, with each sex demonstrating a signiﬁcant reduction in
paw withdrawal threshold and response to applied pressure at 3, 7, 14,
and 28 days post-ACLR (p<0.001 each). Male mice exhibited signiﬁcantly greater knee hyperalgesia (p¼0.011) and mechanical allodynia (p¼ 0.002) compared to female mice by 28d, demonstrating greater
injury-induced central (Fig 1A) and local (Fig 1B) nociceptive sensitization. Additionally, while both sexes also exhibited elevated MMP
activity following injury, evidenced by in vivo MMPSense imaging, male
mice exhibited higher MMP activity at 28 days post-ACLR (internally
normalized to contralateral joints) (p¼ 0.003) (Fig. 2A). MMPSense
imaging (Fig 2B) was corroborated by MMP13 IHC, which revealed
abundant MMP13+ cells in the cartilage, meniscus, and synovium of
injured joints (Fig 2C). Histologically, males demonstrated larger
osteophytes (relative to the size of the respective tibia and femur), with
a greater proportion of chondrocyte-like cells expressing MMP13 (Fig
2C). Qualitatively, MMP13+ cell density was greater in males than in
females at 28 days, with notable cellular expression in the synovial
stromal layer and the meniscal remnant (Fig. 2C). Histopathologic
scoring of PTOA in the medial condyle revealed greater severity of PTOA
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in males at 28 days (Fig 3A). This phenotypic difference was driven by
greater loss of noncalciﬁed cartilage, more proteoglycan loss in noncalciﬁed cartilage (Fig 3B), and larger, more mature osteophytes compared to females (Fig 3C). Males also exhibited greater synovitis at 28
days, speciﬁcally with regards to degree of hyperplasia in both the
synovial lining and sub-lining layers (Fig 3A,D). RNAseq of synovium
revealed 3331 and 2105 differentially regulated genes in ACLR compared to Sham at 7d and 28d, respectively (assessing both sexes globally). GO pathway analysis at 7d revealed strong enrichment in
processes related to cell adhesion, the immune response, inﬂammatory
response, and chemotaxis (Fig 4A). At 28d, cell adhesion, ossiﬁcation,
ECM organization, collagen ﬁbril organization, and cartilage development were among top enriched processes (Fig 4A). Assessing disease
progression between ACLR 7d and ACLR 28d, pathways related to cell
cycle and cell division were most signiﬁcantly enriched, indicative of a
progressive increase in senescence-associated gene expression
between 7d and 28d (Fig 4A). Comparing males and females directly
(with sex differences in Sham mice subtracted), 39 genes and 25 genes
were differentially expressed at 7d and 28d, respectively (Fig 4B).
Strikingly, males and females exhibited largely unique disease progression proﬁles (7d vs 28d), with 48 genes unique to males, 935 genes
unique to females, and only 135 genes common to the two sexes (Fig
4B). Synovial transcriptomes demonstrated injury-induced sex differences in multiple PTOA-relevant genes, including Timp4, Col4a6, Fcamr
(a B-cell marker), Ostn, Wnt16, Gdf3, Gdf7, Adamts19, Nlrp3 (Fig 4C).
Conclusions: We present the ﬁrst characterization of sex differences in
the noninvasive mouse model of ACLR-induced PTOA. Our Results
indicate the development of a PTOA phenotype in males that is more
severe relative to females, becoming most pronounced at 28d. Histologically, males had much larger osteophytes and more extensive
articular degeneration, which likely explain the difference in nociception. Ongoing work seeks to understand the basis of this painrelated difference by assessing the inﬂux of nociceptive neurons to
conclude whether pain-related differences are due to differential
enrichment of nociceptive neurons in the joint, DRG-level effects, or a
combination. Concordantly, increased synovial MMP activity in males
may explain greater cartilage degradation and proteoglycan loss
observed in males; ongoing work seeks to quantify synovial MMP13+
cells and identify additional proteases that may drive observed sex
differences via RNAseq pathway analysis. While our in vivo and histologic results point to an increasingly severe male PTOA phenotype,
RNAseq data to-date indicates largely unique disease progression
transcriptome proﬁles, suggesting a divergent disease process between
males and females; this is a topic of ongoing and future work. Thoroughly characterizing sex differences in PTOA will facilitate a deeper
understanding of the molecular mechanisms governing differential
disease severity between the sexes while also advancing future sexspeciﬁc treatments

PRESENTATION NUMBER: 130
GLOBAL MAPPING OF PROTEIN AND LIPID NETWORK DRIVEN BY
MTOR INHIBITION IN OA CARTILAGE
B. Cillero-Pastor 1, U. Nogueira-Recalde 2, B. Rocha 3, R.M. Heeren 1,
F.J. Blanco 2, 3, B. Carames 2. 1 The Maastricht Multimodal Molecular
Imaging Inst. (M4I), Maastricht Univ., Maastricht, Netherlands;
2
~ a,
Cartilage Biology Unit, Rheumatology Div.. INIBIC-CHUAC, A Corun
~ a,
Spain; 3 Proteomic Unit, Rheumatology Div.. INIBIC-CHUAC, A Corun
Spain
Purpose: The mammalian target of rapamycin (mTOR) is a conserved
serine-threonine kinase that regulates cellular proliferation, protein
synthesis and lipid metabolism in response to metabolic signals. It has
been demonstrated that mTOR plays an important role in osteoarthritis
(OA) progression and its inhibition protects against joint damage.
However, the relevant protein and lipid metabolite network involved on
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mTOR signaling pathway in OA cartilage ispoorly understood. The
objective of this study is to determine the global protein and lipid proﬁling
of human OA cartilage after mTOR inhibition.
Methods: OA cartilage slices were treated with mTORC1 selective
inhibitor Rapamycin (Rapa, 10 mM), and mTORC1 and mTORC2 speciﬁc
inhibitor Torin 1 (75 nM) for 24 hours. Mankin score was performed for
histopathological evaluation of OA cartilage and Oil Red and Nile blue
stainings were performed to analyze the lipid species. For protein
proﬁling analysis, cartilage sections of 10 mm thickness were deposited
on high conductivity slides. Then, microspots of trypsin were deposited
by a high-accuracy position automatic chemical inkjet printer. AlphaCyano-4-hydroxycinnamic acid matrix was deposited by a vibrational
sprayer system. For Lipid proﬁling analysis, cartilage was sectioned in
triplicate in 10 mm thick sections. 2,5-dihydroxybenzoic acid matrix at
20 mg/mL in 20 mg/mL MeOH:AcN (50:50) was deposited by a vibrational sprayer system. A Synapt HDMS MALDI-Q-TOF instrument was
used to perform the Matrix Assisted Laser Desorption Ionization Mass
Spectrometry Imaging (MALDI-MSI) and MS/MS experiments with a
spatial raster size of 150 mm. Principal Component Analysis (PCA) and
discriminant analysis (DA) were used for data interpretation and Biomap Software was used to visualize molecular distributions and
quantiﬁcation of the intensity of the different peptides and lipids.
Moreover, the Lipid Maps Database was used for lipid identiﬁcation.
Results: Peptide proﬁles of OA cartilage treated with Rapa and Torin 1
are univocally distinguished by MALDI-MSI coupled to PCA and DA. In
fact, the peptide proﬁle of cartilage treated with Rapa or Torin 1 was
discriminated from Control condition. In untreated OA samples, we
identiﬁed peptides from Prolargin (PRELP; m/z 1044.5, m/z 1590.8),
Fibromodulin (FM; m/z 1352,7, m/z 1361.7), Fibronectin (FN; m/z
1349,7, m/z 1401,6, m/z 1431,7) and Cartilage Oligomeric Matrix Protein
(COMP; m/z 1613,8). FN and COMP are considered potential biomarkers
of OA involved in inﬂammation and tissue remodeling, respectively. In
addition, it has been demonstrated that under pathological conditions,
FMOD plays a role in joint inﬂammation. Interestingly, pharmacological
inhibition of mTOR by Rapa or Torin 1 resulted in an inhibition of these
OA-related proteins. Moreover, using Biomap software we have determined the intensity differences in a comparison of untreated versus
treated OA cartilage. We observed that the abundance of the peptide m/
z 1349.7, related to FN, was higher in the untreated OA cartilage compared to Rapa or Torin 1 treated cartilage. Furthermore, lipid histological staining demonstrated that the inhibition of mTOR decreases the
lipid pool positive staining in OA articular cartilage, indicating a direct
regulation of lipid dynamics by pharmacological inhibitionof mTOR. We
employed a MALDI-MSI analysis to extend our understanding of these
processes. PCA and DA revealed different lipidomic proﬁles among
control, Rapa, and Torin 1 conditions. Palmitoleamide and Arachidonic
acid, lipid species implicated in the aging process and in the regulation
of inﬂammatory mediators, were increased in the untreated OA cartilage, whereas Choline, Phosphocholine (PC) and Sphingomyelin (SM)
related peaks were speciﬁc from Rapa and Torin 1 conditions. Moreover,
choline, PC or SM, all implicated to maintain the cellular membrane
integrity, were localized in the deep area of OA treated cartilage.
Conclusions: These Results demonstrate that mTOR regulates the
protein and metabolite network associated with OA pathology and
highlight the potential of Mass Spectrometry Imaging to identify
pathways relevant in cartilage degeneration.Pharmacological inhibition
of mTOR by Rapa or Torin 1 resulted in a downregulation of FN, FMOD
and COMP,involved in joint inﬂammation and remodeling. Palmitoleamide and Arachidonic acid were found in the untreated OA cartilage,
whereas Choline, PC and SM, relevant lipids to maintain the cellular
membrane integrity are upregulated upon both Rapa and Torin 1
treatment. Collectively, our results indicate that mTOR inhibition
remodel protein and lipid network in the cartilage and can potentially
be actionable to regulate cartilage homeostasis in aging and disease.
PRESENTATION NUMBER: 131
YAP/TAZ NUCLEAR TRANSLOCATION AS A DOWNSTREAM TARGET OF
MECHANICAL STIMULI PROMOTES ANABOLIC ACTIVITY IN HUMAN
ARTICULAR CHONDROCYTES AND SYNOVIAL FIBROBLASTS
C. Yang 1, 2, M.Z. Miao 2, 3, M.J. Rich 2, 4, B.O. Diekman 2, 4, R.F. Loeser, Jr. 2.
1
Xiangya Intl. Med. Ctr., Xiangya Hosp., Central South Univ., Changsha,
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China; 2 Thurston Arthritis Res. Ctr., Div. of Rheumatology, Allergy, and
Immunology, Sch. of Med., Univ. of North Carolina at Chapel Hill, Chapel
Hill, NC, USA; 3 Curriculum in Oral and Craniofacial Biomedicine, Adams
Sch. of Dentistry, Univ. of North Carolina at Chapel Hill, Chapel Hill, NC,
USA,; 4 Joint Dept. of BioMed. Engineering, Univ. of North Carolina at
Chapel Hill and North Carolina State Univ., Raleigh, NC, USA
Purpose: Mechanical loading is considered important to joint
health. While physiological loading promotes joint tissue homeostasis and maintains joint function, abnormal or pathophysiological
mechanical loading leads to the onset and progression of OA.
However, the precise intracellular mechanisms of joint tissue
response to external mechanical cues still remains unclear. Yesassociated protein (YAP) together with its transcriptional co-activator with PDZ-binding motif (TAZ) has been widely studied as a
mechanotransducer in many cell types. Nuclear translocation of
YAP/TAZ can control cell proliferation, apoptosis, differentiation, and
maturation through the regulation of gene expression. YAP phosphorylation inhibits nuclear translocation. The function of YAP/TAZ
in joint tissue cells is not clear. The aim of this study was to identify
the effect of YAP/TAZ nuclear translocation in response to stimuli
relevant to OA and to determine if the nuclear translocation promotes anabolic gene expression.
Methods: Synovial ﬁbroblasts isolated from human OA synovium and
primary chondrocytes from normal articular cartilage were cultured in
monolayer and made serum-free prior to experiments. Cyclic tensile
strain (CST) with different magnitudes (5%, 10%, and 20%) at 0.5Hz
using Flexcell FX-4000 system was applied to synovial ﬁbroblasts for
30min. For chondrocytes, increased osmolarity was used as a surrogate
for direct mechanical loading, as compression increases the osmolarity
of cartilage extracellular matrix by promoting water to be exuded from
the tissue, while the negatively charged proteoglycans are retained and
attract positive counter-ions. Thus, osmotic stimuli were applied by
replacing isosmotic media (300 mOsm) with hyperosmotic (400 and
600 mOsm) media. To further investigate YAP/TAZ nuclear translocation in response to catabolic and anabolic stimuli, chondrocytes
were treated with 1 mM ﬁbronectin fragments (FN-f) and 10 ng/
mlinterleukin 1-b (IL-1b) as catabolic stimuli and 100 ng/ml insulinlike growth factor 1 (IGF-1) as an anabolic stimulus. To determine if
YAP nuclear translocation leads to anabolic activities, a speciﬁc YAP
inhibitor verteporﬁn (VP, 0.5 and 1 mM) was used. Anabolic and
catabolic gene expression was determined using qPCR. YAP/TAZ
nuclear translocation and YAP phosphorylation were determined by
immunoblotting nuclear and cytoplasmic extracts. TBP was used as a
nuclear control and LDH as a cytoplasmic control.Short and long
exposures of the blots (SE and LE) were used to better view differences
in band intensity.
Results: Synovial ﬁbroblast nuclear YAP/TAZ translocation increased in
response to 10% CST, as compared to 5% and control, and decreased in
response to 20% CST (Fig. 1A). Differences in YAP phosphorylation correlated with differences in translocation. Chondrocyte YAP/TAZ nuclear
translocation
was
identiﬁed
under
physiological
osmolarity(400mOsm), while the translocation was blocked under osmotic
stress (600mOsm) (Fig. 1B). FN-f and IL-1bincreased YAP phosphorylation, decreased levels of nuclear YAP/TAZ and suppressed the transcriptional activity of YAP, indicated by downregulation of CYR61and
CTGF, two well-characterized YAP/TAZ target genes. In contrast, IGF1increased nuclear YAP/TAZ translocation. Following YAP inhibition,
anabolic gene expression, includingSOX9, ACAN and COL2A1 decreased,
while the expression of catabolic genes (MMP1, MMP13, ADAMTS5) was
not affected (Fig. 2).
Conclusions: A dynamic YAP/TAZ nuclear translocation mediated at
least in part by changes in YAP phosphorylation in response to
mechanical stimuli was identiﬁed in synovial ﬁbroblasts and articular
chondrocytes. Stimuli within a physiological range activated YAP/TAZ
nuclear translocation while excessive stress was inhibitory. YAP/TAZ
nuclear translocation was promoted by anabolic but not catabolic
stimuli, in association with anabolic gene expression. Further studies
will identify if YAP/TAZ nuclear translocation is regulated by compressive mechanical loading in chondrocytes under 3D culture condition. It will also be determined if reduced YAP/TAZ activity in vivo
contributes to the onset of OA phenotypes
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PRESENTATION NUMBER: 132
TEMPOROSPATIAL PRODUCTION OF REACTIVE OXYGEN SPECIES IN
ARTICULAR CHONDROCYTES IS INDUCED BY THE ENDOCYTOSIS OF
FIBRONECTIN FRAGMENTS, ALPHA 5 BETA 1 INTEGRIN AND NADPH
OXIDASE 2
M.Z Miao 1, 2, J.A. Collins 1, 3, E.M. Bahnson 4, 5, B.O. Diekman 1, 6, P.Q. Su 7,
S. Chubinskaya 8, R.F. Loeser, Jr. 1. 1 Thurston Arthritis Res. Ctr., Div. of
Rheumatology, Allergy, and Immunology, Sch. of Med., Univ. of North
Carolina at Chapel Hill, Chapel Hill, NC, USA; 2 Curriculum in Oral and
Craniofacial Biomedicine, Adams Sch. of Dentistry, Univ. of North
Carolina at Chapel Hill, Chapel Hill, NC, USA; 3 Dept. of Orthopaedic
Surgery, Thomas Jefferson Univ. Hosp., Philadelphia, PA, USA; 4 Dept. of
Surgery, Div. of Vascular Surgery, Univ. of North Carolina at Chapel Hill,
Chapel Hill, NC, USA; 5 Ctr. for Nanotechnology in Drug Delivery, Univ. of
North Carolina at Chapel Hill, Chapel Hill, NC, USA; 6 Joint Dept. of
BioMed. Engineering, Univ. of North Carolina at Chapel Hill and North
Carolina State Univ., Raleigh, NC, USA; 7 Sch. of BioMed. Engineering,
Faculty of Engineering and Information Technology, Univ. of Technology
Sydney, Ultimo, Australia; 8 Dept. of Pediatrics, Rush Med. Coll., Chicago,
IL, USA
Purpose: Fibronectin fragments (FN-f) found in OA cartilage and
synovial ﬂuid have been used as an in vitro model of OA and can contribute to OA progression in vivo. FN-f, but not intact FN, induces a
catabolic response by chondrocytes that includes production of proinﬂammatory mediators and MMPs including MMP-13. How cells sense
and respond to a damaged ECM containing fragmented proteins is not
understood and is a focus of our investigations. We previously showed
that FN-f induction of MMP-13 requires NADPH oxidase (Nox 2) production of reactive oxygen species (ROS) which act as second messengers by activating MAP kinase signaling. Localized ROS production is
necessary for the regulation of cell signaling. One potential site of
localized ROS production is in endosomes called “redoxosomes”. The
purpose of the present study was to determine the temporospatial
pattern of FN-f induced redoxosome formation as a way to understand
the catabolic chondrocyte signaling in response to a damaged ECM.

Methods: Primary human chondrocytes isolated from talar cartilage
were serum starved prior to FN-f or full-length FN treatment. Chondrocytes transfected with a constitutively active early endosome protein Rab5CA(Q79L) were treated with 1mM C-terminal EGFP fusion FN-f
(FN-f-EGFP) to study FN-f sorting into early endosomes. The temporospatial pattern of FN-f induced ROS production was determined using
constructs containing the H2O2 biosensor HyPer3 localized to plasma
membrane (HyPer3-tk), cytoplasm (Hyper3-cyto) and early endosomes
(Hyper3-Rab5) and monitored using time-lapse live cell imaging.
Location of Nox 2 was measured by transfecting chondrocytes with
Nox2-EGFP, p47phox-EGFP, and p67phox-EGFP and a5b1 integrin was
measured by the transfection with a5 integrin-mCherry through threedimensional (3D) reconstructions of confocal images at single cell resolution. The dynamin inhibitor Dynasore (60 mM) and transfection with
dominate negative Rab5 (Rab5DN(S43N)) were used to inhibit endocytosis. Endosomes were monitored using reporter constructs that
encode mCherry-tagged early endosome marker Rab5, late endosome
marker Rab7, and recycling endosome marker Rab11.
Results: Treatment with FN-f-EGFP demonstrated co-localization with
Rab5CA(Q79L) indicating FN-f was endocytosed by chondrocytes into
early endosomes (Fig. 1). Time-lapse live cell imaging using the compartmentalized H2O2 biosensor HyPer3 indicated that FN-f induced H2O2
was generated ﬁrst at the plasma membrane within 10 minutes followed
by localization in the cytosol and early endosomes starting at around 60
minutes (Fig. 2). Nox2-EGFP, p47phox-EGFP, and p67phox-EGFP gradually
entered a5 integrin+/Rab5+ vesicles at the time point when endosomal
H2O2 was detected,consistent with the formation of redoxosomes. The
induced endocytosis of FN-f and a5 integrin was signiﬁcantly reduced by
Dynasore pretreatment as FN-f-EGFP% colocalization with Rab5-mCherry
was reduced from ~70% to ~10% and a5 integrin-EGFP% colocalization
with Rab5-mCherry was reduced from ~12% to ~6%). Meanwhile,
Rab5DN(S43N) transfection also reduced FN-f-EGFP% colocalization with
Rab5-mCherry from ~70% to ~12% and a5 integrin-EGFP% colocalization
with Rab5-mCherry from ~12% to ~3%. FN-f induced MAP kinase activation and MMP-13 release were abrogated after the inhibition of endocytosis. Different from FN-f induced integrin endocytosis, in which a
degradative pathway was followed through Rab7+ vesicles, intact FNinduced integrin endocytosis followed a recycling pathway through
Rab11+ vesicles which would return the integrin to the cell surface.
Conclusions: The binding of intact FN does not activate redox signaling
and Results in recycling of the a5b1 integrin to the chondrocyte cell
surface. In contrast, the presence of degraded FN (FN-f) stimulates the
formation of redoxosomes containing Nox2, which result in a temporospatial pattern of localized H2O2 generation that is necessary for cell
signaling. Based on prior studies, FN-f generated ROS in turn activate
MAP kinase signaling and downstream MMP-13 expression. The ﬁnding
that the FN-f-a5b1 complex moves to late endosomes indicates it is
marked for lysosomal degradation which would serve as a mechanism
for removal of the damaged matrix protein. These ﬁndings reveal an
intricate redox regulated mechanism by which chondrocytes respond
to matrix damage. Understanding how to dampen the response to
prevent further matrix damage without hampering a potential repair
response will be necessary to control the progressive cartilage degradation seen in OA
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subchondral bone of the lateral (r ¼ 0.32 and p¼0.002) and medial
condyles of the femur (r ¼ 0.28 and p¼0.02).
Conclusions: higher BMD values in the subchondral femur can be
considered as predictors of rapid radiological progression of OA. However, further study of this issue is required in multicenter long-term
prospective studies.
PRESENTATION NUMBER: 134
A RIGIDITY PERCOLATION FRAMEWORK TO EXPLAIN HOW
COMPOSITION CHANGES ALTER CARTILAGE SHEAR MECHANICS
T. Wyse Jackson 1, J. Michel 2, P. Lwin 2, L.R. Bartell 1, M. Das 2, L. Fortier 1,
L.J. Bonassar 1, I. Cohen 1. 1 Cornell Univ., Ithaca, NY, USA; 2 Rochester Inst.
of Technology, Rochester, NY, USA

PRESENTATION NUMBER: 133
RELATIONSHIP OF SUBCHONDRAL BONE MINERAL DENSITY TO
PROGRESSION OF KNEE OSTEOARTHRITIS
E. Taskina, N. Kashevarova, E. Strebkova, N. Demin, D. Kudinsky,
L. Alekseeva, A. Lila. VA Nasonova Res. Inst. of Rheumatology, Moscow,
Russian Federation
Purpose: to assess the relationship of bone mineral density (BMD) of
the subchondral femoral and tibial bones with the progression of knee
osteoarthritis (OA) during 1 year of follow-up.
Methods: the prospective study included 185 women (40-75 y.o) with
Kellgren-Lawrence stage II-III knee OA (ACR). The average age was
59.2±7.4 y.o, body mass index (BMI) 27.7±4.4 kg/m2, and disease
duration 12±8.1 years. An individual map was ﬁlled out for each patient,
including anthropometric indicators, anamnesis and clinical examination data, assessment of knee pain by VAS, concomitant diseases and
therapy during the follow-up period. All patients underwent standard
radiography of the knee joints, two-energy x-ray densitometry of the
lumbar spine (L1-L4), femoral neck, and subchondral femoral and tibial
bones. The method described by E. Murphy and C. Hulet was used to
assess the BMD of the subchondral bone.
Results: During the year of follow-up, the progression of knee OA was
noted in 15 patients (group 1), in 170 - the stage of the disease remained
the same (group 2). There were no differences in age, age of onset, and
duration of the disease, when comparing the groups. However, group 1
had a higher BMI (31.9±5.8 and 27.3±4.1 kg/m2, p < 0.0001) and
walking pain intensity (VAS) of 65.8±11.8 and 47.5±18.7 mm (p <
0.0003). More women from group 1 had concomitant diseases: arterial
hypertension (93.3% and 71.8%, respectively, RR¼1.3, 95% CI 1.1-1.53,
p¼0.05) and type 2 diabetes (33.3% and 12.9%, RR¼2.57, 95% CI 1.145.82, p¼0.04); they were more likely to receive intra-articular injections
of glucocorticoids in the knee joints (57.1% and 30.8%, RR¼1.85, 95% CI
1.09-3.14, p¼0.05). There were no intergroup differences in absolute
values of the axial skeleton BMD: in L1-L4 (0.95 [0.92;1.25] and 0.93
[0.81;1.03], p > 0.05) and in the femoral neck (0.83 [0.69;1.2] and 0.78
[0.71;0.89], p > 0.05). When assessing the BMD of the subchondral
divisions of the lateral (0.79 [0.54;0.93] and 0.75 [0.64;0.88], p > 0,05)
and medial (0.89 [0.76;1.01] and 0.82 [0.68;0.96], p > 0,05) tibial condyles, comparable data were also obtained, with a tendency to higher
indicators in patients with progression of knee OA (group 1). Statistically signiﬁcant higher BMD values of the subchondral femur were
found in group 1. The BMD of the lateral femoral condyle in group 1 was
1.09 [0.74;1.26] and in group 2 - 0.87 [0.75;1.0], p¼0.04. The BMD of the
medial femoral condyle in group 1 was 1.03 [0.96;1.13] and in group 2 0.86 [0.73;1.07], p¼0.03. Correlation analysis conﬁrmed the relationship between radiological progression of OA and BMD in the

Purpose: As osteoarthritis progresses, constituents are lost from the
extracellular matrix of articular cartilage, and the mechanical properties
of the tissue change [1]. While there is some understanding of how
tissue constituents like collagen and aggrecan degrade during disease,
how tissue mechanics progress in response to these changes in constituents remains unknown. Our recently developed rigidity percolation model provides a framework for understanding how to relate
changes in collagen and aggrecan concentrations to the tissue
mechanics [2]. Brieﬂy, the model assumes that at low concentrations
the collagen network is near a rigidity percolation transition so that
tissue mechanics are very sensitive to variations in both collagen and
aggrecan concentrations. Conversely, when the collagen network is at
moderately (factor of 2) higher concentrations, the collagen network is
far from the rigidity percolation transition, and the tissue mechanics are
much less sensitive to variations in both collagen and aggrecan, and the
modulus is orders of magnitude higher. The purpose of this study was to
quantitatively test these predictions by measuring the local tissue
composition, via Fourier Transform InfraRed Imaging (FTIR-I) [2,3] and
relate it to measurements of the local shear modulus of cartilage via
confocal elastography [4-6]. Using these data, the dependence of the
shear properties of articular cartilage on the collagen and aggrecan
concentrations at different tissue depths was determined. In accordance with the rigidity model predictions, it was observed that aggrecan
provides a much greater modulus ampliﬁcation when collagen concentration is low, corresponding to the network being near the rigidity
percolation threshold. These measurements with the rigidity percolation model provide a framework for understanding how changes in
tissue composition translate into changes in the mechanics of cartilage
tissue and ultimately its function in vivo.
Methods: Cartilage plugs were extracted from neonatal bovine condyles (n¼13 healthy, n¼8 degraded). For degraded samples, epoxy glue
was used as a protective coating around the sample edges with the top
surface exposed (Fig. 1A) [6]. These samples were immersed in a bath of
trypsin for 5 hours at 37 C then rinsed with protease inhibitors. Both
the healthy and degraded plugs were bisected, half was ﬁxed and used
for histological Safranin-O staining and FTIR-I to measure local composition [2,3], the other half was tested mechanically using confocal
elastography [4-6] to ﬁnd the local shear modulus , then digested for
biochemical assays to measure bulk composition. The FTIR-I measurements were normalized to the biochemical assays to give concentration
of aggrecan and collagen with depth [3]. The cartilage mechanics were
modeled using rigidity percolation as described in [2], varying the bond
occupation probability to simulate changes in collagen concentration,
and varying the background modulus to model changes in proteoglycan
concentration.
Results: To get a qualitative understanding of the how degradation
affects composition, both healthy and degraded samples were stained
with Safranin-O and imaged (Fig. 1B). The healthy sample shows a
monotonic increase in proteoglycan concentration (red) with depth
while the degraded sample shows a well-deﬁned degradation front. By
measuring the composition and mechanics in the healthy and degraded
samples near the surface and deeper in the tissue it is possible to access
different regimes of collagen and aggrecan concentrations corresponding to different degrees of network connectivity (network schematics in Fig. 1B). The collagen and aggrecan concentrations were
measured quantitatively using FTIR-I (Fig. 1C i,ii). Collagen concentration varied from 100 mg/ml to 200 mg/ml between the surface and
deep zone respectively, with no signiﬁcant difference between the
healthy and degraded samples. Aggrecan concentration in the healthy
tissue increased monotonically from nearly 0 mg/ml at the surface to 40
mg/ml in the deep zone. Consistent with the histology measurement,
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the aggrecan concentration in the degraded sample was nearly 0 mg/ml
up until the degradation front, at which point it became similar to that
of the healthy tissue. As a consequence of the aggrecan degradation, the
shear modulus of the degraded sample decreased by a factor of 5
throughout the degraded region (Fig. 1C iii). The measured depth
dependent results were used to determine the dependence of the shear
modulus on collagen and aggrecan concentration (Fig. 1D). To understand the effect of aggrecan concentration on the tissue modulus, the
ratio of the healthy and degraded moduli for each concentration of
collagen was determined and divided by the difference in aggrecan
concentration. Aggrecan had a much stronger effect on the tissue
modulus near the surface where the collagen concentration is low, and
the effect of aggrecan on the modulus decreased by over an order of
magnitude for high collagen concentrations (Fig. 1E).
Conclusions: These measurements are in excellent agreement with a
rigidity percolation model, which can be used to ﬁt both the healthy and
degraded data in Fig. 1d. Importantly the model can be used to interpolate between the experimental data to determine the complete
dependence of the modulus on the collagen and aggrecan concentrations (Fig. 1F). This landscape provides a framework for understanding how changes in tissue composition translate into changes in
the mechanics of cartilage tissue. It explains, for example, that near the
deep zone where the collagen concentration is high, and hence far from
the rigidity percolation transition, aggrecan degradation does very little
to affect the shear properties of cartilage. Conversely, it shows that
degradation of either collagen or aggrecan in the surface and middle
zones, where the collagen network is near the rigidity percolation
transition, can have a profound effect on the tissue mechanics. This
dependence is illustrated by the steep slope of the surface at low
aggrecan concentrations, which accounts for the data in Fig. 1 E. As such,
this landscape provides an invaluable tool for understanding the sensitivity of the mechanics to both the collagen and aggrecan concentrations and changes in concentrations that can arise due to different
disease pathways. Using quantitative experiments of tissue constituent
concentrations and moduli in combination with a theoretical rigidity
percolation model, we developed a new conceptual framework for
understanding the sensitivity of cartilage tissue mechanics to changes
in collagen and aggrecan

PRESENTATION NUMBER: 135
ANALYSIS OF THE EFFECT OF CATIONIC HYALURONIC ACID ON
ARTICULAR CARTILAGE
Y. Kamada, H. Inoue, S. Nakagawa, Y. Fujii, K. Kaihara, Y. Arai, O. Mazda,
K. Takahashi. Graduate Sch. of Med. Sci., Kyoto Prefectural Univ. of Med.,
Kyoto-city,Kyoto-prefecture, Japan
Purpose: Osteoarthritis (OA) is a degenerative disease of joint components such as articular cartilage, synovium, and subchondral bone.
Although progress has been made in identifying therapeutic targets as
the pathogenesis of the disease progresses, it is difﬁcult to achieve
sustained drug action on articular cartilage because of the constant
circulation of joint ﬂuid by capillaries and lymphatic vessels in the
synovium. Aglycan, a major proteoglycan in articular cartilage, is negatively charged. We focused on this property and hoped that cationization of the drug would prevent the drug from being expelled from the
joint in a short period of time and would have a long-lasting effect on
articular cartilage. In the present study, we analyzed the effect of cationic hyaluronic acid (HA) on articular cartilage.
Methods: In vitro Articular chondrocytes were isolated from 6-weekold Wistar rats. Chondrocyte with Dulbecco's Modiﬁed Eagle Medium
(DMEM) was cultured in three groups: Control (DMEM with PBS), HA

(DMEM with conventional HA), and cationic HA (DMEM with cationic
HA), and mRNA expression levels were determined by qPCR after 72
hours.in vivo : Eight-week-old Wister rats were administered 0.2 mg of
mono-iodoacetic acid intra-articularly to make a rat OA model. The
knee joint was harvested after intra-articular injection of PBS (control
group), conventional HA (HA group), and cationic HA (cationic HA
group) twice a week for 4 weeks, and the knee joint was stained with
safranin O and analyzed for cartilage degeneration by the Modiﬁed
Mankin score.
Results: In vitro, the expression of Aggrecan was signiﬁcantly increased
in the cationic HA group compared to the control group. The expression
of Sox9 and collagen2 was not different in each group. In vivo, the
modiﬁed Mankin score tended to be lower in the cationic HA group
than in the PBS group and the HA group.
Conclusions: There are no mechanisms, such as lymphatic vessels or
blood vessels, to expel the drug from the tissue in vitro, so we conﬁrmed
that the administration of cationic HA did not adversely affect the
metabolism of articular cartilage. There was no difference in the
expression of anabolic factors in the cationic HA group compared to the
HA group, and there was no adverse effect of cationization on cartilage
metabolism. In vivo, cationic HA tended to be more effective than
conventional HA in preventing cartilage degeneration. Cationic HA had
no adverse effects on cartilage compared to conventional hyaluronic
acid, and it was hypothesized that the effect of cationic HA might be
sustained by its long-term adsorption on articular cartilage

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

S117

JmjC demethylases increased the expression of chondrocyte healthy
markers while reducing the expression of catabolic markers.
Conclusions: The discovery approach performed in this study unravels
that histone demethylases from the JmjC family control H3K79me in the
articular cartilage. Silencing of individual demethylases from this family
exerted protective effects in the articular chondrocyte. Therefore, targeting speciﬁc histone demethylases could restore the loss of DOT1L
activity in OA and lead to therapeutic beneﬁts in this chronic disease.
PRESENTATION NUMBER: 137
HYALURONAN AND PROTEOGLYCAN LINK PROTEIN1 EXHIBITS
CHONDROREGENERATIVE
ABILITY
IN
INJURY-INDUCED
OSTEOARTHRITIC ANIMALS THROUGH ALK5-SMAD2 SIGNALING IN
ARTICULAR CHONDROCYTES

PRESENTATION NUMBER: 136
INHIBITION OF HISTONE DEMETHYLASES AS AN APPROACH TO
RESTORE DEFICIENT DOT1L ACTIVITY IN OSTEOARTHRITIS
R. Assi, C. Cheriﬁ, R.J. Lories, S. Monteagudo. KU Leuven, Leuven, Belgium
Purpose: Osteoarthritis (OA), the most common chronic joint disease
worldwide, is characterized by progressive damage to the articular
cartilage, increased joint-associated bone remodelling, and synovial
inﬂammation. Current OA treatments are limited to pain relief, physiotherapy, or replacement surgeries in severe cases, yet disease-modifying drugs are lacking. A genome wide association study (GWAS)
revealed a genetic association between polymorphisms in the DOT1L
gene and OA. The Disruptor of telomeric silencing 1-like (DOT1L) gene
encodes a histone methyltransferase that methylates Lysine 79 of Histone H3 (H3K79). We identiﬁed DOT1L as a key protector of cartilage
homeostasis, using both human articular chondrocytes and different
Dot1l genetic mouse models. Furthermore, we reported that DOT1L
activity, indicated by the levels of H3K79 methylation (H3K79me), is
reduced in OA as compared to non-OA cartilage. Therefore, maintaining
H3K79me seems to be critical to preserve joint health and prevent the
development or progression of OA. Here, we hypothesized that
H3K79me could be restored or maintained by inhibiting demethylation
at the H3K79 site, via targeting speciﬁc histone demethylases. There are
two main families of histone demethylases: the lysine-speciﬁc demethylases (LSD) and Jumonji C (JmjC) demethylases. The LSD family
contains two members: LSD1 and LSD2. The JmjC family is further
classiﬁed into 6 subfamilies: from KDM2 to KDM7. In this new study, we
aimed to investigate which histone demethylases are responsible for
H3K79 demethylation and whether their speciﬁc targeting can lead to
protective effects in OA.
Methods: We determined the baseline mRNA expression of 28 reported
histone demethylases in primary human articular chondrocytes (hACs)
from non-OA patients, using real-time qPCR. We also determined the
changes in histone demethylase expression in vitro upon OA-mimicking
stimuli, namely proinﬂammatory cytokine IL-1b and the Wnt signalling
activator CHIR99021. To interrogate the role of JmjC demethylase family
in H3K79me, human articular chondrocyte C28/I2 cells were treated
with the JmjC pan inhibitor JIB-04. In parallel, the LSD family members
LSD1 and LSD2 were pharmacologically inhibited using LSD1 inhibitor II
or silenced using siRNA against LSD2, respectively. The role of the different JmjC subfamilies on H3K79me was studied using selective
pharmacological inhibitors. We assessed the levels of H3K79me by
Western blot and immunoﬂuorescence analysis. The translational
impact of individual JmjC demethylase targeting was evaluated using a
siRNA knockdown strategy in hACs from OA patients. In this setup, gene
expression of healthy cartilage markers Collagen2a1 (COL2A1) and
Aggrecan, as well as of catabolic markers MMP13 and ADAMTS5, was
assessed using real-time qPCR.
Results: The baseline expression of histone demethylases was mapped
in hACs, showing differences in absolute expression among the different enzymes. Treatment with IL1-b resulted in an increase in KDM6B
and KDM7A mRNA expression. Conversely, Wnt signalling activation by
CHIR99021 led to a downregulation in most of histone demethylases’
mRNA expression. Interestingly, pharmacological inhibition of the JmjC
family using JIB-04 resulted in increased H3K79me levels. However, the
blockade of LSD family members did not lead to H3K79me changes in
articular chondrocytes. Moreover, inhibition of all JmjC demethylase
subfamilies increased H3K79me levels. Individual silencing of speciﬁc

J.M. Jang 1, 2, Z. Fu 1, 2, M.J. Back 2, H.C. Ha 2, I.C. Shin 1, 2, H.S. Kang 1,
H.Y. Kim 1, H.J. Ha 1, C.H. Kim 1, Y.K. Chung 1, H.B. Choi 1, D.K. Kim 1, 2.
1
HaplnSci. Inc., Seongnam-Si, Gyeonggi-Do, Republic of Korea; 2 Coll. of
Pharmacy, Chung-Ang Univ., Seoul, Republic of Korea
Purpose: Hyaluronan and proteoglycan link protein 1 (HAPLN1) has
been known to play a role in the extracellular matrix (ECM) integrity by
stabilizing the physicochemical interaction between aggrecan and
hyaluronan chain. Our research group has previously identiﬁed a novel
function of HAPLN1 which restores skin collagen and hyaluronan levels
reduced during aging through the heterochronic parabiosis and
aptamer-based proteomic analysis. Chondrocytes intimately communicate with their ECM by means of biochemical cues as well as
mechanical intermediators. Despite occasional reports on the lower
expression level of HAPLN1 in osteoarthritic cartilages compared with
the healthy ones, any of therapeutic approaches employing the biological function of HAPLN1 has not been addressed. The purpose of this
study was to investigate a chondroregenerative potential of rhHAPLN1
on articular chondrocytes and to evaluate its therapeutic effect on
osteoarthritic animal settings.
Methods: Human primary articular chondrocytes from an osteoarthritic joint (HOACs) were cultured and re-differentiated with differentiation media in 1.25% alginate encapsulation beads for 35 days
with every change of fresh medium per 3 days in the presence of 50 ng/
mL recombinant human HAPLN1 (rhHAPLN1) and vehicle saline,
respectively. Then, the cells were analyzed for mRNA levels of SOX9,
COL2A1, ACAN, TGFBR1 (ALK5) and ACVRL1 (ALK1) as chondrogenic
markers. In parallel, in order to evaluate the in vivo efﬁcacy of HAPLN1,
we adopted three animal models. First, a therapeutic effect of
rmHAPLN1 was tested in the destabilization of medial meniscus (DMM)
mouse model. At 4 weeks after surgery, 5 ng/knee recombinant mouse
HAPLN1 (rmHAPLN1) was administrated with intra-articular (IA)
injection 4 times by one-week interval for 4 weeks. At 8 weeks after the
surgery, the increase in the type 2 collagen compared with saline
control group was analyzed by immunoﬂuorescence on the sagittal
sections treated with rmHAPLN1. Second, as a rat model termed the
complete MMT model, a surgery including medial collateral ligament
(MCL) transection plus medial meniscus (MM) transection was conducted. At 3 weeks after surgery, 225 ng/knee rhHAPLN1 and saline
vehicle were administrated with IA injection 3 times by one-week
interval for 3 weeks, respectively. At 9 weeks after the surgery, histological assessment was conducted using toluidine blue-stained coronal
sections. Third, as a goat model, osteoarthritic setting was induced by
anterior cruciate ligament transection (ACLT) coupled with medial
meniscectomy (MMx) in right knee joints. At 11 weeks after surgery,
78.75 mg/knee, 315 mg/knee rhHAPLN1 and saline vehicle were
administrated with IA injection 3 times for 3 weeks, respectively. At 17
weeks after the surgery, macroscopic observation and histological
assessment were conducted using gross femoral condyle tissues and
Safranin O-stained medial sections, respectively.
Results: Exposure of rhHAPLN1 to HOACs encapsulated in the alginate
beads signiﬁcantly increased the mRNA levels of SOX9, COL2A1, ACAN,
and TGFBR1 (ALK5), but not ACVRL1 (ALK1), indicating that rhHAPLN1
may exhibit a regenerative potential to use as one of osteoarthritic
therapeutics based on the selective responsiveness to anabolic ALK5SMAD2 axis for TGFb1. This possibility could be further supported by
the three animal models of osteoarthritic setting. First, the immunoﬂuorescence analysis in DMM mouse model revealed a signiﬁcant
increase in the type 2 collagen-producing chondrocytes in articular
cartilages induced by rmHAPLN1, indicating a predominance of the
anabolic pathway over the catabolic pathway during the differentiation
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process. Second, in the complete MMT rat model, rhHAPLN1 not only
reduced cartilage degeneration scores measured by depth ratio in
middle zone of tibial plateau by 76.9% (p<0.01), but also inhibited
medial tibial osteophyte formation by 18.8% (p<0.05). Third, the macroscopic observation and histological assessment in ACLT/MMx goat
model showed that 78.75 mg/knee and 315 mg/knee rhHAPLN1 suppressed the superﬁcial layer degeneration as measured by loss of
superﬁcial layer by 48.5% (p<0.05) and 60.6% (p<0.01), respectively.
Also, the ulceration scores were decreased by 76.7% (p<0.05) in both the
concentrations of rhHAPLN1.
Conclusions: Breaking the classical knowledge that HAPLN1 is a quiescent ECM molecule, we for the ﬁrst time demonstrate that this
structural protein has a dynamic chondrogenic nature in articular cartilage, thus providing a chance for developing disease-modifying
osteoarthritic drugs. The exogenous recombinant HAPLN1 exhibited the
pro-chondrogenic potential based on the re-differentiating HOACs as
well as three animal models of osteoarthritic setting. It seems that such
novel function of HAPLN1 Results from its preferential responsiveness
to the anabolic ALK5-SMAD2/3 signaling pathway to the catabolic
ALK1-SMAD1/5/8. This encouraging evidence suggests that the ECM
integrity reinforced by HAPLN1 not only strengthens the structural
meshwork but also modulates the intracellular signaling via cell-matrix
interactions in terms of cartilage homeostasis.
PRESENTATION NUMBER: 138
IDENTIFYING FACTORS THAT REGULATE ANP32A EXPRESSION USING
A NOVEL BIOINFORMATIC ANALYSIS PIPELINE
J. Quintiens, A. De Roover, S. Monteagudo, R.J. Lories. Lab. of Tissue
Homeostasis and Disease, Skeletal Biology and Engineering Res. Ctr.,
Dept. of Dev. and Regeneration, KU Leuven, Leuven, Belgium
Purpose: Osteoarthritis (OA) is the most common chronic joint disease
and is a leading cause of disability. It has a complex pathogeny and
causes damage to the articular cartilage, increased joint-associated
bone remodelling, and synovial inﬂammation. Currently, no cure exists
and the molecular mechanisms maintaining cartilage homeostasis
remain incompletely deﬁned. Previously, an association between
polymorphisms in the acidic leucine-rich nuclear phosphoprotein-32A
(ANP32A) gene and OA was described. Then, our group showed that
ANP32A plays a key protective role in OA by preventing oxidative stress
via increasing the transcription of the ATM kinase. Also, we demonstrated that ANP32A is downregulated in OA cartilage as compared to
non-OA cartilage. Therefore, maintaining the levels of ANP32A seems to
be of crucial importance to preserve joint health and prevent the
development and progression of OA. Yet the factors that regulate
ANP32A in the joint remain unknown. In this study, we aim to investigate factors that regulate ANP32A expression since such knowledge
may lead to the identiﬁcation of speciﬁc novel targets for OA therapy.
Methods: An in-house developed bioinformatic pipeline was used in
which four bioinformatic tools (BindDB, CONSITE, PROMO and TFsitescan) were interrogated for regulatory factors that are predicted to
interact with the ANP32A promotor. The sequence of the ANP32A
promotor was obtained using the Eukaryotic Promotor Database (EPD).
The Results from these four tools were assembled and then corrected
for occurring synonyms. After this, we selected hits that were predicted
by two or more databases. An in silico speciﬁcity analysis was performed
to identify genes with predicted speciﬁcity for ANP32A regulation. In
this analysis, we excluded hits that also seemed to modulate genes that
characterize the chondrocyte identity, namely Aggrecan and Collagen2a1, as well as hits modulating the housekeeping gene Actin.
Afterwards, network analysis using StringDB and Humanbase tools was
performed, as well as pathway enrichment analysis using the Ingenuity
Pathway Analysis (IPA) software.
Results: We retrieved 209 hits that were predicted to interact with the
ANP32A promoter in silico, of which 49 hits were simultaneously predicted by at least two different bioinformatic tools. After applying the
speciﬁcity analysis, 16 hits were retained. Network analysis suggested
several interesting pathways that may potentially modulate the
expression of ANP32A. First, Wnt signaling appeared in the analysis
using both the StringDB tool and the IPA software for the 49 hits. Of
note, two Wnt signaling TCF/LEF transcription factors were present
among the 16 ﬁnal hits obtained after applying the speciﬁcity analysis.
Wnt hyper-activation is known to contribute to OA and targeting this
pathway is becoming increasingly interesting in the treatment of OA.
Second, the network analysis indicated the hypoxia pathway as a

potential regulator for ANP32A expression. This pathway is noteworthy
since the oxygen gradients in OA cartilage are known to be disturbed.
Lastly, network analysis further pointed out cellular senescence
(StringDB tool and IPA analysis) and histone modiﬁcations (StringDB
tool) among the enriched pathways. Both the senescence pathway and
alterations in histone modiﬁcations have been linked to OA.
Conclusions: The bioinformatic pipeline suggested 16 potential regulatory factors for ANP32A expression. Combined with the network
analysis, we identiﬁed Wnt signaling, hypoxia, cellular senescence and
histone modiﬁcations as potential regulatory networks for ANP32A
transcription. In our future experiments, we will further investigate the
signiﬁcance of these in silico ﬁndings and their potential clinical
implications in OA.
PRESENTATION NUMBER: 139
THE ROLE OF MECHANICAL FORCE IN TENDON DEVELOPMENT. A
SCOPING REVIEW
Y. Usami 1, H. Iijima 2, T. Kokubun 1. 1 Saitama Prefectural Univ.,
Koshigaya, Japan; 2 Dept. of Physical Med. and Rehabilitation, Univ. of
Pittsburgh, Pittsburgh, PA, USA
Purpose: The development of the musculoskeletal system is a carefully
orchestrated process that gives rise to cartilage, bone, tendon, and
muscle. Peculiarly, the tendon is a connective tissue that transmits the
forces generated by skeletal muscle to bone and allows body motion.
The mechanical force contributes to maintaining this important function of the tendon in the healing process of the tendon tear. Key events
in the healing and developmental sequence of tendon formation, differentiation, migration, and pattern formation have become clear.
Although the ﬁrst phase of tendon induction is independent of muscle,
regulation of the second phase (tendon elongation) is likely due to
physical signals imparted by both the muscles and the skeleton. While
extensive research has been conducted on the requirement of
mechanical forces for tendon development, there is no consensus about
the deﬁnition of mechanical force applied for embryo and postnatal
animal tendon. A strict deﬁnition of the mechanical force is required to
provide an overview or map of the evidence in this ﬁeld. Summarizing
the available evidence is a logical ﬁrst step towards establishing a
consensus regarding the mechanical force used in the tendon mechanobiology research ﬁeld. This scoping review aimed to address this gap
by summarizing the state-of-the-science regarding mechanical stimulation on tendon development. Speciﬁc research questions include (1)
how research is conducted on a ﬁeld mechanobiology for tendon
development at in vivo model, (2) What is the deﬁnition of mechanical
force applied to the tendon, and (3) How does mechanical stimulation
drive tendon development.
Methods: The scoping review was conducted based on the standard
framework established by Arksey and O'Malley. This framework consisted of six stages; identifying the research question, searching for
relevant studies, selecting studies, charting the data, collating, summarizing and reporting the Results, and consulting with stakeholders to
inform or validate study ﬁndings. Articles from the year 1976 until
November 2020 on embryo and postnatal tendon development were
retrieved based on the keywords using electronic databases (PubMed).
Requirements for inclusion were: 1) full-length original research article,
2) The target age was an embryo and postnatal, 3) induced a ﬂuctuation
of mechanical force in tendon conducted in animals, and 4) using in vivo
model study. Studies written in languages other than English were
excluded. We extracted basic study information regarding the
author(s), year of publication, and title. To answer the above research
questions, we summarized the following information. For research
question 1: species, age of animals, and intervention type and comparator. For research question 2: deﬁnition of mechanical force For
research questions 3: outcome of signiﬁcance and key ﬁndings relating
to the scoping review objective
Results: Database search yielded 39 articles, of which four ﬁnally met
the inclusion criteria. Table.1 summarizes available evidence. All studies
deﬁned mechanical force as a muscle contraction-induced tension
stress for the tendon. Indeed, all studies modulated muscle contraction
levels to induce or inhibit mechanical stress in the tendon. Speciﬁcally,
all studies used drug (drug decamethonium bromide and a-Bungarotoxin treatment induce a severe phenotype of the lower limb, pancuronium bromide to induce a ﬂaccid paralysis, or 4-aminopyridine
treatment to increase embryo motility) or instrument (neuromuscular
electrical stimulation) to inhibit or induce muscle contraction. These
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mechanical interventions were used to investigate gene expression
changes or protein synthesis expression levels of Scx, Tnmd, and the
TGFb signaling molecule such as Smad7.
Conclusions: We found that the mechanical forces generated by muscle
contraction are recognized as being required for tendon formation.
Changing the muscle function was considered a change of mechanical
force applied to the tendon. This scoping review calls pay attention that
the force acting on tendons is not only from an endogenous factor (e.g.,
muscle contraction) but also an exogenous factor (e.g., the load being
applied limb and joint movement). However, it is necessary to consider
the difference in stress on tendon tissue depending on paralysis type.
The paralysis has two types; spasticity and ﬂaccid muscle paralysis.
Spasticity paralysis involves tight and stiff muscles; this condition
induces tensile force applied to the tendon. On the other hand, ﬂaccid
paralysis causes ﬂabby muscles to become shrink, as a result, decreases
tensile force tension applied to the tendon. Therefore, both are the same
in that there is no change of muscle generated force, but the stress on
the tendon is different due to the difference in static muscle tone. In
light of a pervasive lack of consensus regarding the deﬁnition of
mechanical stress applied to the tendon, this review presents opportunities and recommendations for improvements for a multi-faced
grasp of the force applied to the body from internal and external causes.
Scx and TGFb signaling molecules may be critical drivers for tendon
development in response to mechanical force. The studies meet the
inclusion criteria and their information.
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and cartilage degradation (P<0.05), meanwhile decreased the expression of COLX, MMP13, MMP3 in the cartilage (P<0.05). Furthermore, the
M1 polarization of RAW264.7 was inhibited by SHP099 ex vivo via the
regulation of MyD88 pro-inﬂammation pathway and TRIF anti-inﬂammation pathway.
Conclusions: Deletion of SHP2 in the myeloid lineage decreased the
severity of osteoarthritis in the mouse DMM model by inhibiting
synovial macrophage M1 polarization. This suggested that SHP2 may be
a therapeutic target in the pathogenesis of osteoarthritis

PRESENTATION NUMBER: 141
EXPRESSION AND FUNCTION OF GPR30 IN HUMAN CHONDROCYTES
C. Sousa 1, 2, M. Ribeiro 1, 2, A.T. Ruﬁno 1, 2, F. Sousa 1, F. Judas 3,
A.F. Mendes 1, 2. 1 Ctr. for NeuroSci. and Cell Biology, Coimbra, Portugal;
2
Faculty of Pharmacy, Univ. of Coimbra, Coimbra, Portugal; 3 Univ. and
Hosp. Ctr. of Coimbra (CHUC), Coimbra, Portugal

PRESENTATION NUMBER: 140
CONDITIONAL DELETION OF SRC-HOMOLOGY 2-CONTAINING
PROTEIN TYROSINE PHOSPHATASE 2 ATTENUATES THE SEVERITY
OF EXPERIMENTAL OSTEOARTHRITIS
Z. Sun 1, 2, Q. Liu 3, Z. Lv 1, 2, Y. Sun 3, X. Xu 2, D. Shi 2. 1 Med. School of
Nanjing Univ., Nanjing, China; 2 Dept. of Sports Med. and Adult
Reconstructive Surgery, Drum Tower Hosp., Sch. of Med.,Nanjing Univ.,
Nanjing, China; 3 State Key Lab. of Pharmaceutical Biotechnology and
Collaborative innovation, Ctr. of Chemistry For Life Sci., Sch. of Life Sci.,
Nanjing Uniersity, Nanjing, China
Purpose: To investigate the roles of the tyrosine phosphatase Srchomology 2-containing protein tyrosine phosphatase 2 (SHP2) in
macrophage polarization during the process of osteoarthritis (OA)
induced by destabilization of the medial meniscus (DMM) surgery in
Mice.
Methods: Macrophage polarization and SHP2 protein expression of
synovial tissues from OA patients (n¼3) and OA mice (n¼5) were
evaluated by immunoﬂuorescence and immunohistochemical staining.
Mice with SHP2 deletion speciﬁcally in the myeloid lineage (n¼10 per
genotype) were subjected to DMM surgery to induce OA model. Synovitis score and cartilage degradation were evaluated by histology.
Synovial macrophage polarization and the expression of collagen II,
collagen X, matrix metalloproteinase 13 (MMP13) and MMP3 of cartilage were assessed by immunohistochemistry. Moreover, RAW264.7
cells were treated by a speciﬁc SHP2 conformational inhibitor, SHP099
to investigate the role of SHP2 in OA ex vivo.
Results: SHP2 protein in the synovial tissues of OA patients and OA mice
was highly expressed accompanied with synovial macrophage M1
polarization. Compared to WT mice, conditional SHP2-/- mice inhibited
macrophage M1 polarization and attenuated the severity of synovitis

Purpose: Estrogens play an important role in cartilage homeostasis.
However, the role of a non-classical estrogen receptor, the G proteincoupled estrogen receptor (GPER or GPR30), as a mediator of the effects
of estrogens in articular tissues is unknown. Thus, the purpose of this
work was to evaluate the expression and function of GPR30 in primary
adult human articular chondrocytes.
Methods: Human cartilage collected from the distal femoral condyles of
multi-organ donors at the Bone and Tissue Bank of the University and
Hospital Center of Coimbra (CHUC) was used. All procedures were
approved by the Ethics Committee of CHUC (authorization number:
0204-8654-DC, date: 12-16-2013). To characterize the expression of
GPR30, immunohistochemistry, ﬂow-cytometry, RT-qPCR and western
blot were used. The MCF-7 cell line was used as positive control for
expression of GPR30. GPR30-dependent signaling was evaluated as the
phosphorylation levels of Akt and ERK1/2 induced by known GPR30
agonists (17b-estradiol, G-1 and ICI-182780) by western blot (WB).
Results: Immunohistochemistry of articular cartilage sections shows
that GPR30 is expressed in human chondrocytes in situ. Expression of
GPR30 is also observed in freshly isolated and cultured human chondrocytes, as demonstrated by ﬂow-cytometry and RT-qPCR and in
chondrocyte extracts by WB. Nonetheless, the pattern of bands detected
by two distinct antibodies does not overlap, suggesting that the proteins
detected represent partially degraded forms of the receptor. Treatment
with GPR30 agonists did not induce Akt or ERK1/2 phosphorylation,
suggesting that GPR30 is not functional in human chondrocytes.
Conclusions: The Results obtained suggest that GPR30 is present in
human chondrocytes. Nevertheless, these cells probably express a
partially degraded form of the receptor, which can explain the lack of
functional activity observed. Therefore, the beneﬁt of estrogen-induced
responses in human chondrocytes are unlikely mediated by GPR30.
However, further studies are required to evaluate the inﬂuence of
gender, age or degree of cartilage damage on GPR30 expression and
function in human chondrocytes.
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PRESENTATION NUMBER: 142
TRPV1
ALLEVIATES
OSTEOARTHRITIS
BY INHIBITING M1
MACROPHAGE POLARIZATION VIA CA2+/CAMKII/NRF2 SIGNALING
PATHWAY
Z. Lv, X. Xu, Z. Sun, D. Shi. Dept. of Sports Med. and Adult Reconstructive
Surgery, Nanjing, Jiangsu, China
Purpose: To investigate the role and regulatory mechanism of transient
receptor potential vanilloid 1 (TRPV1) in the M1 macrophage polarization and pathogenesis of osteoarthritis (OA).
Methods: The levels of TRPV1 and macrophage markers (F4/80 and
iNOS) were analyzed in the synovium of OA patients and in a rat OA
model (radial transection of the medial meniscus) by immunoﬂuorescence and immunohistochemical staining. The role of TRPV1 was
examined using the rat OA model by intra-articular injection of capsaicin (CPS), a speciﬁc TRPV1 agonist. The levels of hyperplasia and cell
inﬁltration of synovium, osteophyte formation and cartilage damage
were assessed by a synovitis score, micro-CT and the Osteoarthritis
Research Society International score, respectively. RAW264.7 cells were
used to explore the mechanisms of M1 macrophage polarization by
TRPV1.
Results: TRPV1 expression and M1 macrophage inﬁltration were
simultaneously increased in both human and rat OA synovium. More
than 90% of the inﬁltrated M1 macrophages expressed TRPV1. The intraarticular injection of CPS signiﬁcantly attenuated OA phenotypes,
including joint swelling, synovitis, cartilage damage, and osteophyte
formation. CPS treatment markedly reduced M1 macrophage inﬁltration in the synovium. TRPV1-evoked Ca2+ inﬂux promoted the phosphorylation of calcium/calmodulin-dependent protein kinase II
(CaMKII) and facilitated the nuclear localization of nuclear factorerythroid 2-related factor 2 (Nrf2), which ultimately resulted in the
inhibition of M1 macrophage polarization.
Conclusions: TRPV1 attenuates the progression of OA by inhibiting M1
macrophage polarization in synovium via the Ca2+/CaMKII/Nrf2 signaling pathway. TRPV1 can be a therapeutic target for synovitis in OA

spheres were created by centrifugation. On day 11 and 12, spheres were
subjected twice to mechanical stress (20% compression, 5 Hz) for 10
minutes, with a 10 min recovery interval. At 12 hours after loading,
spheres were collected. Quality of the neo-cartilage was assessed by
Alcian Blue staining and by measuring the sGAG/DNA content using the
Dimethyl methylene Blue (DMMB) assay. RT-qPCR was performed to
determine gene expression levels of catabolic genes (MMP3, MMP13 and
ADAMTS5), anabolic genes (COL2A1, ACAN and SOX9), hypertrophic
markers (RUNX2 and COL10A1), members of canonical (WISP1 and
DKK1) and non-canonical Wnt signaling (WNT5A and WNT5B), and
transcription factor FOS.
Results: The hyper physiologic mechanical stress created considerable
damage in the neo-cartilage spheres. Figure 1 shows that mechanical
stress signiﬁcantly reduced Alcian Blue intensity (P¼0.048) with concurrent decreased amounts of sGAGs (P<0.001). In line with this, mRNA
expression of catabolic enzyme ADAMTS5 (FC¼3.58, P<0.001) was signiﬁcantly increased.

As can be seen in Table 1, we found upregulation of canonical Wnt
antagonist DKK1 after mechanical stress. Of note was the consistent and
signiﬁcant increased expression of non-canonical Wnt ligand WNT5B
while WNT5A showed a trend towards increased expression. Also the
AP1-transcription factor FOS showed a highly signiﬁcant 43-fold
increase in expression after mechanical stress.
PRESENTATION NUMBER: 143
MECHANICAL STRESS INDUCES ADAMTS5 MEDIATED CARTILAGE
DAMAGE IN HUMAN NEO-CARTILAGE AND ACTIVATES NONCANONICAL WNT SIGNALING AND TRANSCRIPTION FACTOR FOS
R.G Timmermans 1, 2, N.G. Bloks 1, M.H. van den Bosch 2, R.G. Nelissen 1,
A.B. Blom 2, I. Meulenbelt 1, Y.F. Ramos 1. 1 Leiden Univ. Med. Ctr., Leiden,
Netherlands; 2 Radboud Univ. Med. Ctr., Nijmegen, Netherlands
Purpose: In this study, we established a human in vitro neo-cartilage
model, in which OA-like changes are triggered by hyper physiologic
dynamic mechanical stress. Histology, and expression of catabolic,
anabolic and hypertrophic genes were used as read-out. Particularly we
applied the model to gain more insight in the effects of hyper physiologic dynamic mechanical stress on Wnt signaling and the associated
AP-1 transcription factor FOS.
Methods: Human primary articular chondrocytes (hPACs) were isolated
from patients that underwent total joint replacement surgery due to
end stage OA (RAAK study). Cells were expanded to passage 2 and

Gene

Fold Change

P-value

1.32
6.85

0.996
0.124

3.23
1.84

0.068
0.007

42.5

<0.001

Canonical Wnt
WISP1
DKK1
Non-canonical Wnt
WNT5A
WNT5B
Transcription factor
FOS

Table 1

Effects of mechanical stress on
Wnt signaling and transcription
factor FOS in neo-cartilage

Osteoarthritis
andCartilage
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Conclusions: We established a 3D human in vitro model with hyper
physiologic mechanical stress as an effective OA model mediated
via ADAMTS5. Herein, we showed that mechanical stress activated
unbeneﬁcial non-canonical Wnt signaling and transcription
factor FOS which together with the DKK1 mediated inhibition of canonical Wnt signaling may further contribute to the cartilage damage in
this model.
PRESENTATION NUMBER: 144
PROTEOMIC AND BIOCHEMICAL ANALYSIS OF R399E, A
RECOMBINANT AND MUTANT FORM OF GDF5 ON THE SECRETOME
OF HUMAN ARTICULAR CARTILAGE AND MENISCAL EXPLANTS
FROM OSTEOARTHRITIC JOINTS
E. Bernotiene 1, J. Denkovskij 1, D. Bironaite 1, I. Uzieliene 1,
E. Bagdonas 1, K. Kleinschmidt-Doerr 2, A. Mobasheri 1, 3. 1 Ctr. for
Innovative medicine, Vilnius, Lithuania; 2 Merck KGaA, Darmstadt,
Germany; 3 Univ. of Oulu, Oulu, Finland
Purpose: Growth differentiation factor 5 (GDF5) is a growth factor that
increases extracellular matrix (ECM) production and decreases
expression of MMP13 and ADAMTS4. However, GDF5 also stimulates
hypertrophy and osteophyte formation. Therefore, to mitigate the
hypertrophic properties of GDF5, a mutant variant of the molecule
codenamed R399E was genetically engineered. R399E has been shown
to stimulate chondrogenesis in MSCs similarly to GDF5 but exhibits
reduced hypertrophic and osteogenic properties. In addition, R399E
retained the anabolic and anti-catabolic effects of GDF5 on human and
porcine chondrocytes and is an alternative to GDF5 for targeting anabolic regeneration in osteoarthritis (OA). Proteomic analysis of the
secretome of articular cartilage, meniscus, synovium and other joint
tissues in explant culture provides a powerful method to assess the
biological effects of growth factor-based therapies. Proteomic analysis
of the secretome can also facilitate the discovery of disease-speciﬁc
biomarkers and help to identify new therapeutic targets. The aim of this
study was to determine the effects of R399E, a recombinant mutant of
GDF5 on human meniscal and cartilage explants using proteomic
analysis and western blotting of their secretome.
Methods: Human articular cartilage and meniscal explants were
obtained with informed consent from OA patients undergoing total
knee replacement surgery. Tissue samples were divided into equal
portions and cultured in serum free medium for 14 days. Cartilage and
meniscal explants were stimulated with 300 ng/ml or 1000 ng/ml of
GDF5 recombinant mutant R399E (Merck KGaA, Darmstadt, Germany)
with and without the pro-inﬂammatory cytokine IL-1b (10 ng/ml).
R399E was dissolved in 10 mM HCl; corresponding amounts of the
solvent without growth factor were used as controls. Conditioned
medium was collected at each medium change (twice a week). Selected
proteins identiﬁed by proteomic analysis were analyzed by western
blotting. The experiments were repeated with two female donors for
studies on articular cartilage and one donor for studies on meniscus.
The protein concentration of pooled and concentrated supernatants of
the second week was determined using the Lowry assay. The samples
were then digested with trypsin, labelled with a tag and applied to LC
columns for MS/MS tandem mass tagging (TMT). Abundance levels of
identiﬁed peptides were determined by quantiﬁcation of sample tag.
Selected proteins identiﬁed by quantitative proteomic analysis were
validated by western blotting. Cartilage tissue extracts were used as
positive controls in western blots.
Results: A range of proteoglycans were differently modulated by R399E
in cartilage and meniscus explants, as determined by proteomic analysis of small leucine-rich proteoglycan family members lumican (LUM),
decorin (DCN), ﬁbromodulin (FMOD) and chondroadherin-like protein
(CHADL), proteoglycan 4 (PRG4) or lubricin and heparan sulfate proteoglycan 2 (HSPG2) (Fig. 1). R399E upregulated expression of proteoglycans PRG4 and HSPG2 as well as small leucine-rich proteoglycan
LUM and CHADL in human cartilage when used alone, although it had
no effect in the presence of IL-1b (Fig. 1A). However, in the meniscus,
R399E alone had no effect on the levels of LUM, DCN and HSPG2, as
compared to control, while in the presence of IL-1b, stimulation with
R399E resulted in a 3-fold increase in LUM and 2-fold increase in DCN
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and HSPG2 (Fig. 1B). R399E had no additional effect on the cartilage
explants stimulated with IL-1b (Fig. 1A). Proteomic analysis of human
cartilage and meniscus also revealed some differences in the effects of
R399E on the levels of other ECM proteins, including cartilage oligomeric matrix protein (COMP), tenascin X (TN-X), chitinase 3-like protein1 (CHI3L1), clusterin (CLU), gelsolin (GSN), thrombospondin 1 (TSP1) and aggrecan core protein (ACAN) (Fig. 2). TN-X levels were upregulated by R399E alone in cartilage explants, while in meniscus, R399E
resulted in 3-fold higher levels of TN-X in the presence of IL-1b, as
compared to unstimulated or IL-1b stimulated controls. TSP-1 was
increased by R399E at the both, presence or absence of IL-1b in cartilage
explants, while in meniscus, only in the presence of IL-1b (Fig. 2).
Importantly, the level of the structural protein collagen VI was also
increased after exposure to R399E in cartilage explants (Fig. 3), while
the same effect was not observed in the meniscus. Western blotting
analysis revealed that 1000 ng/ml of R399E, similarly to results
obtained with quantitative proteomic analysis, stimulated expression of
collagen VI and CLU in human cartilage Fig. 4 A and B and meniscus (Fig
4 C and D) explants and had a protective effect after co-treatment with
IL-1b (Fig. 4). Extracellular matrix protein 1 (ECM1) and PRG4 in human
meniscus were not detected by western blotting.
Conclusions: R399E had different effects on cartilage and meniscal
explants. Several important proteoglycans, including small leucine-rich
proteoglycans (LUM and CHADL) as well as PRG4 and HSPG2 were
upregulated in human cartilage after exposure to 1000 ng/ml of R399E
alone, whereas in the meniscus, R399E was more effective in the
presence of IL-1b and upregulated levels of LUM, DCN and HSPG2.
Proteomic analysis also showed similar trends in expression of other
ECM proteins. TN-X was increased by R399E alone in cartilage explants,
while in meniscus, TN-X levels were upregulated by R399E only in the
presence of IL-1b. R399E increased levels of TSP-1 in cartilage explants,
but in meniscal explants increased levels of TSP-1 were observed only in

S122

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

IL-1b - stimulated samples. Furthermore, exposure to R399E resulted in
increased levels of collagen VI only in cartilage explants. Western
blotting conﬁrmed that R399E stimulated upregulation of collagen VI,
an ECM protein involved in orchestrating tissue regeneration after
injury and having crucial roles in tissue remodelling. R399E also upregulated CLU, an extracellular cytoprotective chaperone that prevents
aggregation of non-native proteins, in cartilage and meniscal explants.
In summary, quantitative proteomics and western blot analysis conﬁrmed the anabolic effects of R399E in human cartilage and meniscus.
The data presented support the potential for using the mutant form of
GDF5 for therapeutic and regenerative applications

PRESENTATION NUMBER: 145
ELEVATED LEVELS OF ACTIVE TRANSFORMING GROWTH FACTOR b1
IN THE SUBCHONDRAL BONE RELATE SPATIALLY TO IMPAIRED
BONE QUALITY AND CARTILAGE LOSS IN HUMAN KNEE
OSTEOARTHRITIS
D. Muratovic 1, D.M. Findlay 1, H. Haji Masri 1, C.J. Stapledon 1, Y. Lee 1,
X. Cao 2, L.B. Solomon 1, 3, G.J. Atkins 1, J.S. Kuliwaba 1. 1 The Univ. of
Adelaide, Adelaide, Australia; 2 Johns Hopkins Univ. Sch. of Med.,
Baltmore, MD, USA; 3 Orthopaedic and Trauma Service, The Royal
Adelaide Hosp. and the Central Adelaide Local Hlth.Network, Adelaide,
Australia
Purpose: Both animal and human studies indicate that changes of
subchondral bone play an important pathogenic role in the initiation
development and progression of osteoarthritis (OA). Transforming
Growth Factor b1 (TGFb1) is abundant in bone where it has multiple
essential roles in development, homeostasis and repair, maintaining
both bone volume and bone quality. Further, it has been shown that
over-activity of TGFb1 in subchondral bone has a direct causal role in
rodent knee OA, which can be blocked by TGFb1 neutralization. In
human OA elevated levels of TGFb1 protein in bone have been reported
but direct relationship with OA progression has not been demonstrated.
The aim of this study was to investigate whether the level of active
TGFb1 in the subchondral bone associates with the structural, cellular
and molecular parameters that are characteristic of human knee OA.
Methods: With informed consent and institutional approval, tibial
plateaus were collected from 35 knee OA arthroplasty patients (15 men,
aged 66±9 years; 20 women, aged 70±8 years), (Fig. 1A). Fresh samples
of subchondral bone from regions of the medial condyle with relatively
intact/moderately degenerated cartilage (CA+), and with severely
degenerated/depleted cartilage (CA-), were collected to determine the
concentration of active TGFb1 protein and the relative expression of
genes of interest, by quantitative real-time PCR, synchrotron micro-CT
imaged (resolution of 1.6 mm) to obtain parameters describing bone
microstructure, osteocyte-lacunar network and bone matrix vascularity
(Fig. 1B,1F,1G,1I), and histologically processed for determination of
cartilage OARSI grade (Fig. 1C), density of tartrate resistant acid
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phosphatase positive (TRAP+) cells (Fig. 1E), and bone marrow microvasculature (Fig. 1H) The Shapiro-Wilk test was performed to assess the
distribution of data. Comparisons between groups (CA+vs.CA-) were
evaluated with paired two-tailed Student’s t-test for parametric data or
Wilcoxon test for non-parametric data, followed by Pearson/Spearman
rank to test for correlation. Parametric data are presented as mean ±
standard deviation, and non-parametric data as median ± interquartile
range. Statistical signiﬁcance was set at p<0.05.
Results: Bone samples collected below CA- (mean OARSI¼6.0) had
increased concentration of active TGFb1 protein (Fig. 1D) and RANKL/
OPG mRNA ratio (p<0.05) compared to CA+ (mean OARSI¼3.3). Subchondral bone from CA- regions was characterized by sclerotic microarchitecture (Fig. 1F) manly due to increased bone volume and
trabecular number, increased bone mineral density (p<0.05), increased
osteocyte (Fig. 1G) and TRAP+ cell density (Fig. 1E), larger and greater
numbers of osteocyte lacunae (Fig. 1G) that were less spherical shape,
and increased bone marrow and bone matrix vascular density. Further,
OARSI grade positively associated with active/total TGFb1 ratio, total
TRAP+ cell density, osteocyte density, lacunar volume and shape, and
bone marrow (Fig. 1H) and bone matrix vascular density (Fig. 1I).
Conclusions: Together, these Results support the hypothesis that
increased active TGFb1 occurs in human knee OA and that increased
concentration of active TGFb1 in the subchondral bone associates spatially with impaired bone quality and the degenerative severity of
human OA. Importantly, These ﬁndings are consistent with those
obtained in rodent models of OA and may open up new options for
therapeutic approaches for human OA, through the inhibition of TGFb1
to prevent or reduce disease progression
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analyses, unloaded controls (wild-type; N¼6), loaded controls (N¼5),
unloaded COL6A3-mutant (N¼6), and loaded COL6A3-mutant (N¼6).
RT-qPCR was performed on COL6A3, catabolic (MMP13, MMP3,
ADAMTS5), anabolic (COL2A1, ACAN), hypertrophic (COL10A1), and
mechano-sensor (PIEZO1, PIEZO2, TRPV4) genes. To study the interacting
effect of mechanical loading and the COL6A3 mutation, multivariate
regression analysis was performed with gene expression as the
dependent variable.
Results: As noted in Table 1, an overall lower expression of cartilage
speciﬁc genes was observed among COL6A3-mutated cartilaginous
pellets compared to wild-type controls, independent of hyper-physiologic mechanical stress. This may indicate decreased cartilaginous
matrix formed in the spherical pellets due to the COL6A3 mutation.
Moreover we showed, similar to human primary chondrocyte pellets, a
consistent upregulation of ADAMTS5 (beta¼0.14, P<0.001) and COL6A3
(beta¼1.01, P¼0.16) upon hyper-physiological loading in wild-type
iCPC-derived cartilaginous pellets. This response was, however, absent
in COL6A3-mutant pellets (Figure 1). On the other hand, the mechanosensors PIEZO1, PIEZO2, and TRPV4, despite the overall lower levels
(Table 1), showed similar responses to hyper-physiologic mechanical
loading in controls and COL6A3-mutants.

PRESENTATION NUMBER: 146
A DISEASE-RISK MUTATION IN COL6A3 ALTERS THE BIOLOGIC
RESPONSE
OF
CHONDROCYTES
TO
HYPER-PHYSIOLOGIC
MECHANICAL LOADING
N.G Bloks 1, A. Dicks 2, S.S. Adkar 2, R.G. Timmermans 1, G. Hajmousa 1,
Y.F. Ramos 1, F. Guilak 2, I. Meulenbelt 1. 1 Leiden Univ. Med. Ctr., Leiden,
Netherlands; 2 Washington Univ., St. Louis, MO, USA
Purpose: We set out to determine the interacting effect of a highimpact osteoarthritis mutation in COL6A3 and hyper-physiologic
mechanical stress on chondrocyte signaling. Hereto, we differentiated
wild-type and COL6A3-mutated human induced pluripotent stem cells
(hiPSCs) with an established 3D, in vitro chondrogenesis protocol. We
hypothesized that the amino-acid change in the von Willebrand factor 8
of COL6A3 affects cartilage integrity by an aberrant mechanobiologic
response of chondrocytes, particularly under hyper-physiologic
mechanical stress.
Methods: COL6A3-mutated hiPSCs were generated from an isogenic
wild-type line using CRISPR-Cas9 genome engineering. Neo-cartilage
formation from hiPSCs was performed via mesodermal lineage differentiation towards chondroprogenitor cells (iCPCs) induced by stepwise
changes in the differentiation medium. After 12 days, iCPCs were dissociated, and spherical pellets were created by centrifugation. Spherical
pellets were cultured in chondrogenic differentiation medium for 30
days. Wild-type and COL6A3-mutated cartilaginous pellets were
mechanically loaded for 10 minutes with 20% nominal compression and
harvested after 12 hours. Four different groups were generated for

Table 1

Effect of mechanical loading
and a COL6A3 mutation in an
established hiPSC 3D in vitro
chondrogenesis model.

Osteoarthritis
andCartilage

Figure 1 Box plots of ADAMTS5 (left) and COL6A3 (right) mRNA

expression stratiﬁed by loading and a COL6A3 mutation.
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Conclusions: By studying isogenic wild-type and COL6A3 mutated
hiPSC-derived cartilaginous pellets, we showed that the high impact
osteoarthritis mutation in COL6A3 interferes with the normal wild-type
response to hyper-physiologic mechanical loading that Results in
upregulation of ADAMTS5 and COL6A3.
PRESENTATION NUMBER: 147
REGULATION OF KEY EXTRACELLULAR MATRIX COMPONENTS IN
HUMAN OSTEOARTHRITIS FIBROBLAST-LIKE SYNOVIOCYTES BY
MICRORNA-27B-3P VIA PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTOR GAMMA/A DISINTEGRIN AND METALLOPROTEINASE
WITH THROMBOSPONDIN MOTIFS-8 SIGNALING AXIS
G. Tavallaee 1, 2, S. Lively 1, 2, S.A. Ali 1, 2, 3, M. Im 4, C. Sarda 1, 2,
E. Rossomacha 1, 2, S. Nakamura 1, 2, P. Potla 1, 2, S. Gabrial 1, 2,
J. Matelski 1, 2, A. Ratneswaran 1, 2, K. Perry 1, 2, R. Gandhi 1, 2,
J.S. Rockel 1, 2, B. Hinz 4, I. Jurisica 1, 5, M. Kapoor 1, 2, 6, 7. 1 Schroeder
Arthritis Inst., Univ. Hlth.Network, Toronto, ON, Canada; 2 Krembil Res.
Inst., Univ. Hlth.Network, Toronto, ON, Canada; 3 Bone & Joint Ctr., Dept.
of Orthopaedic Surgery, Henry Ford Hlth.System, Detroit, MI, USA;
4
Faculty of Dentistry, Univ. of Toronto, Toronto, ON, Canada; 5 Dept.s of
Med. Biophysics and Computer Sci., Univ. of Toronto, Toronto, ON,
Canada; 6 Dept. of Lab. Med. and Pathobiology, Univ. of Toronto, Toronto,
Canada; 7 Dept. of Surgery, Univ. of Toronto, Toronto, Canada
Purpose: Synovial ﬁbrosis, a hallmark pathological feature associated
with osteoarthritis (OA), is characterized by excessive deposition of
extracellular matrix (ECM). However, the exact mechanisms underlying
the increased ECM production in the synovium are not well understood.
We have previously shown that microRNA (miR)-27b-3p is increased in
the synovial ﬂuid of late-stage (Kellgren lawrence (KL) grade 3 & 4)
compared to KL grade 1 & 2 radiographic knee OA patients. We also
identiﬁed that miR-27b-3p was highly expressed in the OA synovial
tissue compared to cartilage. Here, we aimed to investigate the potential contributions of miR-27b-3p to synovial ECM production and its
association with OA-related synovitis.
Methods: Primary ﬁbroblast-like synoviocytes (FLS), the major cell
types in the synovial lining, were isolated from the synovium of patients
with knee OA and subjected to microRNA (miRNA) RT-qPCR to quantify
miR-27b-3p expression levels. In situ hybridization (ISH) was used to
visualize miR-27b-3p cellular distribution in synovial tissue obtained
from patients with knee OA as well as in the synovium of mice subjected to the destabilization of the medial meniscus (DMM) model of
knee OA. To examine the effect of miR-27b-3p on ECM expression, OA
FLS were transfected with miR-27b-3p mimic for 48 h and subjected to
ECM-speciﬁc qPCR array and RT-qPCR validation. Expression of type I
collagen (COL1A1) was measured by RT-qPCR, western blot and
immunoﬂuorescence. Immunohistochemistry (IHC) was used to localize ECM proteins in the mouse knee joints. As cell inﬁltration is a critical
aspect of synovitis, transwell migration assay was used to examine the
effect of miR-27b-3p on OA FLS migration. RNA sequencing and integrative computational analysis were performed to identify signaling
mechanisms in miR-27b-3p mimic-treated OA FLS. To further explore
the signaling pathway downstream of miR-27b-3p, rescue experiments
were performed by treatment of miR-27b-3p mimic-transfected OA FLS
with rosiglitazone, an agonist of peroxisome proliferator-activated
receptor gamma (PPAR-g, a putative target of miR-27b-3p that was also
identiﬁed in our RNA sequencing data). In addition, miR-24b-3p mimic
treated OA FLS were transfected by siRNA for a disintegrin and metalloproteinase with thrombospondin motifs-8 (ADAMTS8) to examine the
role of ADAMTS8 in miR-27b-3p signaling.
Results: ISH detection of miR-27b-3p was markedly increased in the
synovial lining of late-stage (KL grade 3 & 4) compared to early-stage
(KL grade 1) radiographic knee OA patients, concomitant with increased
collagen deposition in the synovium. Similarly, in the DMM mouse
model of knee OA, miR-27b-3p was more prominent in the synovium
and ﬁbrocartilage, sites of collagen and ﬁbronectin deposition. In
addition, miR-27b-3p expression levels in cultured human FLS corresponded with severity of knee OA. To explore the functional roles of
miR-27b-3p in the synovium, cultured human OA FLS were transfected
with miR-27b-3p mimic, which enhanced OA FLS migration and
increased COL1A1 mRNA and protein levels. Furthermore, PCR array
screening of 84 ECM-related genes followed by RT-qPCR validation
identiﬁed a panel of six key ECM genes [COL1A1, collagen type V alpha 1
(COL5A1), collagen type XIV alpha 1 (COL14A1), ﬁbronectin (FN1),
thrombospondin 1 (THBS1) and ADAMTS8] that were markedly elevated

in miR-27b-3p mimic-treated OA FLS. Interestingly, COL5A1, COL14A1,
and ADAMTS8 showed similar localization patterns to that of miR-27b3p in the sham and DMM induced OA mouse knee joints, which is
increased in the synovial lining and ﬁbrocartilage. To comprehensively
understand the miR-27b-3p signaling involved in ECM modulation,
RNA sequencing and downstream computational analysis was utilized.
RNA sequencing revealed that miR-27b-3p mimic treatment of OA FLS
dysregulated the expression of numerous ECM-related genes. Computational network analysis of the sequencing data to investigate the
putative direct targets of miR-27b-3p identiﬁed PPAR-g/ADAMTS8 as a
potential signaling axis through which miR-27b-3p may impart its
signaling in OA FLS. To verify the regulation of PPAR-g by miR-27b-3p,
we showed that miR-27b-3p mimic treatment of OA FLS reduced PPARg expression, while miR-27b-3p inhibitor had the converse effect. In
addition, preliminary data of OA FLS sequentially treated with miR-27b3p mimic for 24 h followed by rosiglitazone for 24 h suggest that promoting PPAR-g function can inhibit the overexpression of key ECM
genes induced by miR-27b-3p. Furthermore, to understand the role of
ADAMTS8 in miR-27b-3p signaling, we performed siRNA-knockdown of
ADAMTS8 in OA FLS treated with miR-27b-3p mimic. siRNA-knockdown of ADAMTS8 in OA FLS attenuated the miR-27b-3p-induced
increase in expression of COL14A1, COL5A1 and FN1, indicating
ADAMTS8 in part may contribute to the regulation of miR-27b-3pmodulated ECM genes. Our ongoing efforts are directed towards further
understanding the exact role of miR-27b-3p modulation of ECM
mechanisms via PPAR-g/ADAMTS8 signaling axis in vitro and in vivo.
Conclusions: miR-27b-3p is involved in the dysregulation of key
synovial ECM components during OA in part through a miR-27b-3p/
PPAR-g/ADAMTS8 signaling axis.
PRESENTATION NUMBER: 148
PREDICTING INTRA-ARTICULAR RESIDENCE TIME OF HYALURONANBASED VISCOSUPPLEMENTS. A COMPARISON BETWEEN HUMAN
AND ARTIFICIAL SYNOVIAL FLUID AS DEGRADATION MEDIA
M. Pavan, R. Beninatto, D. Galesso, C. Guarise. Fidia Farmaceutici S.p.A.,
Abano Terme, Italy
Purpose: Hyaluronan(HA)-based viscosupplements, although resorbable, present different in vivo residence times, which are mainly related
to structural modiﬁcations of the native polymer. The residence time of
unmodiﬁed HA generally does not exceed 5 days, while chemically
crosslinked HA can be detected in the joint up to one month. Artiﬁcial
synovial ﬂuid (ASF) have been described in the literature to mimic
rheology of or drug release in human SF (SF). These models suffer from a
limitation from the biological point of view: the absence of hyaluronidases, HA degrading enzymes expressed by the chondrocytes in
contact with SF, well described in literature. A novel in vitro preparation
of ASF with hyaluronidase is hereby reported and tested with three
marketed viscosupplements: Sinovial® HL (SHL, IBSA Farmaceutici),
which contains native HA of both low and high MW, Hyalubrix® (HBX,
Fidia Farmaceutici S.p.A.), which contains unmodiﬁed high MW HA and
Hymovis® (HYM, Fidia Farmaceutici S.p.A.), composed of HA modiﬁed
with hexadecyl alkyl chains via amidic bonds (MW comprised between
500 and 700 kDa). The effect of this ASF towards HA molecular weight
and rheological properties was reported and compared with the degradation proﬁle in centrifuged human SF.
Methods: ASF was formulated with the following composition: NaCl 8
g/L, KCl 0.2 g/L, Na2HPO4 1.7 g/L, Bovine Serum Albumin (BSA) 19 g/L,
Bovine Testes Hyaluronidase (BTH) 6 U/mL, Gentamicin 0.01 mg/mL (pH
7.4). The salt and BSA composition and concentration in SF are well
reported in the literature. At the best of our knowledge, the quantiﬁcation of hyaluronidase activity in human SF is not reported. Considering that Hyaluronidase (Hyal) activity titrated in serum is at least 6 U/
mL in BTH equivalent, and that Hyal (MW 55-60 kDa) can permeate
synovial membrane, the same concentration of BTH was added to
artiﬁcial SF. Centrifuged (cell free) human SF collected from OA patients
was used as “degradation media”. Sinovial® HL, Hyalubrix® and
Hymovis® were separately incubated either in ASF or SF at 37  C for 14
days at a w/w ratio of approximately 1:1, under mild shaking. At different time points (0, 1, 7 and 14 days) the viscoelastic moduli and
dynamic viscosity of the mixtures were measured with an Anton Paar
MCR 92 rheometer. Moreover, at each time point the mixtures were
diluted in water and ﬁltered through Merck Vivaspin® 2 centrifugal
concentrators (MWCO ¼ 100 kDa, comparable to the synovial membrane cut-off) in order to quantitate the permeated and retained HA
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fractions. PBS+SF at a w/w ratio of 1:1 was used as blank for HA
measurement. The percent recovery of the HA fraction with MW  100
kDa was determined by SEC-TDA (Omnisec Resolve/Reveal, Malvern
instruments).
Results: The degradation proﬁle of HYM, HBX and SHL in SF or ASF is
shown in the graph below: after 14 days the viscoelasticity (expressed
as storage modulus: G’) of HYM/SF, HBX/SF and SHL/SF is slightly
decreased; however, the elasticity of all viscosupplements in ASF is
completely impaired after only few hours. After 14 days, the percent
recovery of high MW HA (>100 kDa) conﬁrms the rheological data: in
SF, HYM, HBX and SHL were not depolymerized to low MW polymers
while, in ASF, the percent recovery in higher MW HA was only about
45%, 10% and 13% for HYM, SHL and HBX respectively. The strong
depolymerizing activity of ASF was conﬁrmed for all the viscosupplements tested; nonetheless, HYM showed higher resistance to degradation in ASF compared to SHL.
Conclusions: In this work, two different in vitro and ex vivo models
were compared in order to predict the in vivo residence time of three
HA-based viscosupplements in the intra-articular environment. Based
on the literature, after a single intra-articular administration of high
MW HA (2000 kDa), the measured residence time was as short as about
5 days. The ex vivo model with centrifuged human SF bears the limitation of the absence of hyaluronidases (a cell surface glycosylphosphatidylinositol-anchored
protein,
removed
with
the
chondrocytes during the centrifugation process), while the assay in ASF
added with BTH turned out to be more reliable and can therefore be
employed during viscosupplement development to predict the intraarticular residence time of HA-based products

PRESENTATION NUMBER: 149
A COMPREHENSIVE AND QUANTIFIABLE INSIGHT INTO THE
PROTEOMES OF ARTICULAR CARTILAGE AND SUBCHONDRAL BONE
L. Bundgaard 1, E. Aahrman 2, J. Malmstroem 2, U. Auf dem Keller 3,
M. Walters 1, S. Jacobsen 1. 1 Univ. of Copenhagen, Taastrup, Denmark;
2
Lund Univ., Lund, Sweden; 3 Technical Univ. of Denmark, Lyngby,
Denmark
Purpose: It is now commonly accepted that cartilage and bone pathology are strongly associated in osteoarthritis (OA) initiation and progression, and it is therefore of great importance to understand the
molecular changes in the osteochondral unit. Protein extraction from
cartilage and subchondral bone samples is challenging and most techniques used so far often cause selective loss of groups of proteins and
relatively low protein yield. In this study, we used two workﬂows based
on either pressure cycling technology (PCT) or ultrasonication (US) in
combination with data independent acquisition (DIA) based mass
spectrometry (MS) analysis to quantitatively assess the proteomes of
articular cartilage and subchondral bone. Biological events that lead to
progressive joint degradation are difﬁcult to evaluate in humans, and
the horse has been suggested to be the most relevant of all animal
models of OA, therefore equine joint tissue was analysed. The robustness and sensitivity of the two workﬂows were evaluated, and the
proteomes mined for proteins of particular interest for the pathogenesis
of OA.
Methods: First, a spectral library was established covering joint related
tissue and synovial ﬂuid based on samples from nine horses. To ensure a
spectral library covering a broad spectrum of proteins related to the
joint and embracing proteins potentially favored by various preparation
and analysis steps, the spectral library included repository data
dependent acquisition (DDA) based MS data from analysis of samples
prepared by a combination of different disruption, denaturing, and
desalting steps and analyzed using two different mass spectrometer
settings. Secondly, articular cartilage and subchondral bone from the
fetlock of three biological replicates, each in three technical replicates,
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were independently homogenized by PCT and US, extracted proteins
denatured with guanidine hydrochloride, protein disulphide bonds
reduced with tris(2-carboxyethyl) phosphine and alkylated with
iodoacetamide followed by digestion with ﬁrst Lys-C and then trypsin.
The SOLAm vacuum manifold and solid phase extraction (SPE) micro
elution method was used to desalt the samples before separation on an
EASY-nLC™ 1200 liquid chromatography system followed by DIA-MS
analysis on a Q Exactive Hybrid Quadropole-Orbitrap mass spectrometer. The software Spectronaut was used to generate the spectral
library from Pulsar with the equine proteome from Uniprot as reference
database. False discovery rate was controlled at 1 % for both precursor
and protein group levels.
Results: The two workﬂows were robust and sensitive, and with a total
of 1758 unique proteins identiﬁed in cartilage and 1482 unique proteins
identiﬁed in subchondral bone with high conﬁdence, the results
reveals, to our knowledge, the most comprehensive cartilage and subchondral bone proteomes in all species presented to date. There was a
high consistency of the identiﬁed proteomes using the two workﬂows
(> 97% overlap) for both cartilage and subchondral bone, indicating that
both extraction methods preserve the diversity among the extracted
proteins. Mining of the proteomes revealed a substantial number of
cartilage and bone matrix proteins and proteins involved in osteogenesis and bone remodeling, including (represented by gene names)
ACAN, BGN, PRELP, FMOD, COMP, ACP5, BMP3, BMP6, BGLAP, TGFB1,
IGF1, ALP, MMP3, and collagens. The biological processes ossiﬁcation
and skeleton system development were in top 3 after GO enrichment
analysis of proteins identiﬁed in subchondral bone only. The three most
enriched GO terms in cartilage were all related to cellular processes,
most likely reﬂecting the substantial number of chondrocytes in cartilage compared to the more cell poor subchondral bone. A number of
proteins, including COMP, collagen V and VI, and TNN, were found with
mutual gene names but different sequences. For some of the proteins
these match the sequence differences found in other species where the
differences cause sequence unique functions.
Conclusions: We have successfully developed two workﬂows based on
either PCT or US for tissue homogenization and protein extraction
coupled with DIA-MS analysis. The workﬂows enabled the hitherto
most comprehensive quantitative insight into the proteomes of cartilage and subchondral bone and facilitate the prospect of investigating
the molecular events at the osteochondral unit in the pathogenesis of
OA in future projects. The proteomes and the spectral library will be
open access resources for the research community for further mining of
proteins of interest, and as support for development of methods for
targeted analysis of speciﬁc proteins or potential protein isoforms.
PRESENTATION NUMBER: 150
HEPARAN SULFATE PROTEOGLYCANS AND INTEGRIN SIGNALING IN
ARTICULAR CARTILAGE HOMEOSTASIS
A.-C Severmann 1, K. Jochmann 1, F. Azar 1, T. Holzer 2, B. Brachvogel 2,
L. Fleischhauer 3, H. Clausen-Schaumann 3, A. Vortkamp 1. 1 Dev.al
Biology, Ctr. for Med. Biotechnology, Univ. of Duisburg-Essen, Essen,
Germany; 2 Experimental Neonatology, Dept. of Pediatrics and
Adolescent Med., Ctr. for Biochemistry, Med. Faculty, Univ. of Cologne,
Cologne, Germany; 3 CANTER (Ctr. for Applied Tissue Engineering and
Regenerative Med.), Univ. of Applied Sci., Munich, Germany
Purpose: Osteoarthritis (OA) is the most prevalent degenerative joint
disease worldwide, characterized by an increasing degeneration of the
articular cartilage. Proteoglycans (PGs) carrying chondroitin sulfate or
heparan sulfate (HS) polysaccharides are major components of cartilage
matrix. Nevertheless, the impact of the PG composition on the integrity
of the articular cartilage and OA development remains unclear. In previous experiments we demonstrated that an altered HS structure is
protective against OA. Based on this, we now aim to understand how an
altered HS structure affects the composition and properties of the
extracellular matrix (ECM).
Methods: Transgenic mice carrying an inducible, chondrocyte-speciﬁc, clonal deletion of the HS-synthesizing enzyme Ext1 (Col2-rtTACre;Ext1e2ﬂ/e2ﬂ) were used to investigate the role of HS for cartilage
integrity, in vivo. The distribution and composition of the ECM was
analyzed by histological and immunoﬂuorescence stainings. The
mechanical properties of the HS-deﬁcient matrix were measured
using atomic force microscopy (AFM). Loss of HS was modelled in vitro
by treatment of primary mouse embryonic ﬁbroblasts with the HSantagonist Surfen.
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Results: Col2-rtTA-Cre;Ext1e2ﬂ/e2ﬂ mice were protected against OA upon
ageing and after OA-inducing surgery. Within the articular cartilage of
those animals, clusters of morphologically distinct chondrocytes were
surrounded by an increased ECM content. The ECM synthesized by
these HS-deﬁcient cells contained elevated amounts of distinct ECM
components including aggrecan, perlecan and others. AFM analysis of
the HS-deﬁcient matrix and of cartilage from mice carrying reduced HS
levels revealed markedly altered mechanical properties of the mutant
matrix. Within the clustered HS-deﬁcient cells Integrin pathway components, such as FAK, pFAK; ERK, pERK, MHCII and Src, were upregulated in vivo. Similarly, addition of the HS-antagonist Surfen to
adherend cells induced an increased formation of Integrin-dependent
focal adhesions and stress ﬁbers, in vitro. In contrast, cell adhesion was
delayed and the formation of focal adhesions and stress ﬁbers reduced
when Surfen was present during the adhesion process.
Conclusions: The interaction with the surrounding ECM is impaired in
HS-deﬁcient cells, presumably resulting in an Integrin-dependent
compensatory upregulation of other ECM components. The observed
changes in matrix composition and mechanical properties likely contribute to the protection against OA previously observed in Col2-rtTACre;Ext1e2ﬂ/e2ﬂ mice.
PRESENTATION NUMBER: 151
MODELING IN VITRO OSTEOARTHRITIS PHENOTYPES IN A HUMAN
VASCULARIZED BONE CONSTRUCT BASED ON A BONE-MARROW
DERIVED MESENCHYMAL CELL LINE AND ENDOTHELIAL CELLS
A. Pirosa 1, A. Mainardi 1, P. Occhetta 2, E. Tankus 1, M. Erhbar 3,
I. Martin 1, M. Rasponi 2, A. Barbero 1. 1 Univ. Hosp. Basel, Basel,
Switzerland; 2 Politecnico di Milano, Milano, Italy; 3 Univ. Hosp. Zurich,
Zurich, Switzerland
Purpose: The main clinical indicators of osteoarthritis (OA) include loss
of articular cartilage, altered subchondral bone remodeling, increased
vascularization, and inﬂammation. Although cartilage degeneration has
been always considered as the hallmark of OA, there is growing evidence
that the subchondral bone and its associated vasculature could play an
important role in OA onset. Reliable multi-cellular and complex human in
vitro models are needed to resemble diverse tissues and to tackle different aspects of the pathology. In previous studies mesenchymal stromal
cells have been combined with endothelial cells to study the cross talk
between these two cell types, however their behaviors in a co-culture
model including inﬂammatory conditions have not been yet investigated.
Hence, in this study, we exploited a mesenchymal stromal cell lineendothelial cell co-culture to produce an in vitro human model of vascularized osseous tissue, which has been treated with a cocktail of
inﬂammatory cytokines to study cells responses under conditions
mimicking the inﬂamed environment of OA. We hypothesized that
inﬂammation induces endothelial cells to increase network formation
and OA traits in this vascularized bone model.
Methods: GFP-positive mesenchymal stromal cells (MSOD cell line) and
RFP-positive human umbilical vein endothelial cells (HUVEC) were
pelleted and resuspended at 1:1 ratio in 5% w/v photocrosslinkable
gelatin methacrylate (0.25% photoinitiator LAP) at a density of 20x106
cells/ml. 4 ul drops of cell suspension were spotted on a 48-well plate
and crosslinked for two minutes under UV light (395-400 nm). MSOD or
HUVEC alone were used as controls. Cells were cultured for 14 days in
osteogenic/endothelial medium (1:1 ratio) and then exposed to a
cocktail of inﬂammatory cytokines composed of IL-6 (100 pg/ml), IL-1b
(50 pg/ml) and TNFa (50 pg/ml) for an additional week (medium
without cocktail was used as control). Osteogenesis and tubulogenesis
were evaluated using ﬂorescence microscopy, immuno- and histological staining, as well as through quantitative RT-PCR analysis and
biochemical characterization of the supernatant culture medium.
Results: Bright ﬁeld and ﬂuorescence images of the coculture constructs are reported in Fig. 1A. After the ﬁrst two weeks of culture,
MSOD-HUVEC group showed increased mineralization extent compared to MSOD control, in terms of alizarin red staining and quantiﬁcation (Fig. 1C), as well as higher mRNA expression levels of alkaline
phosphatase (6-fold), osterix (80-fold), bone sialoprotein (6-fold) and
osteopontin (2-fold) (Fig. 1B). Endothelial cells were able to form
capillary-like structures after 7 days in both MSOD-HUVEC and HUVEC
control, however branching and vessel density were higher at day 14 in
the MSOD-HUVEC compared to HUVEC control (8-fold and 10-fold,
respectively) group (Fig. 1D).A further week of culture in the presence of
inﬂammatory factors induced MSOD-HUVEC constructs to accumulate

higher extent of type 1 collagen (Col 1), whereas no difference was
shown in BSP accumulation (Fig. 2A), and to lose higher extent of the
accumulated calcium deposits (Fig. 2B). Additional OA traits acquired by
the MSOD-HUVEC in response to inﬂammation consisted in a 2-fold
increase of ALP activity (Fig. 2B), enhanced expression of VEGF mRNA
(2-fold), Col 1 mRNA (4-fold), Col1a1/Col1a2 mRNA (10-fold) and a
decrease in Wnt5a mRNA (0.5-fold) (Fig 2C). In the control group MSOD
instead, all the osteogenic markers (both at protein and gene level)
remained at control levels or were slightly modulated by the exposure
to the inﬂammatory factors. Finally, MSOD-HUVEC constructs exhibited
increased tubulogenesis in response to inﬂammation, as shown by
enhanced vessel branching (2-fold) and vessel density (2-fold) (Fig. 2D).
Conclusions: We demonstrated that the here used vascularized bone
model, once exposed to inﬂammatory factors, was capable to recapitulate the onset of some OA features in bone. In particular it showed
increased tubulogenesis by endothelial cells, reminiscent of the
abnormal angiogenesis found in OA subchondral bone, as well as
demineralization and increased collagen production, signs of bone
sclerosis during OA. Demineralization of the matrix might also be linked
to the increased Col1a1/Col1a2 ratio, since this collagen isoform has
reduced ability to retain hydroxyapatite crystals. Interestingly, some
features were already present in the MSOD alone group, but were
enhanced in the presence of HUVEC, and some other features were only
observable in the MSOD-HUVEC group, indicating that the presence of
endothelial cells in the inﬂamed environment could play a role in the
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onset of the OA traits. While the mechanism by which endothelial cells
could contribute to OA traits onset need to be further elucidated, this
model could represent a ﬁrst step for the study of this complex relationship. Furthermore, our vascularized bone model could also be
combined with a cartilage layer to study cartilage/bone changes in vitro
under OA mimicking conditions and to screen anti-OA drugs.
PRESENTATION NUMBER: 152
IDENTIFICATION OF SYNOVIUM SECRETOME FACTOR(S) FOR THE
PREVENTION OF OSTEOARTHRITIS
S. Mejia. Cornell Univ., Ithaca, NY, USA
Purpose: Previous studies have suggested that bioactive factors secreted from synoviocytes protect cartilage from interleukin-1 beta (IL-1b) induced catabolism, but these bioactive secretome products have not
been identiﬁed. We hypothesized that by using an unbiased bottom-up
proteomics approach, chondroprotective factor(s) could be identiﬁed as
potential novel therapeutics that could be used to alter the disease
course of osteoarthritis (OA).
Methods: Matched equine cartilage explants and synovial membrane
were collected post-mortem from horses (n¼4) with no history of
lameness and normal joints at necropsy. Six groups were established:
cartilage, synoviocytes, and cartilage+synoviocytes (co-culture) all +/- IL1b. The catabolic effect of IL-1b was veriﬁed by measuring glycosaminoglycan (GAG) released from cartilage into media by the 1,9dimethyl-methylene blue dye-binding microwell assay and cartilage
toluidine blue histochemistry. Media from co-cultures +/- IL-1b were
submitted for bottom-up proteomic analysis. Only co-culture media
were used so that cell types were similar, and only IL-1b treatment was
different between the groups for comparison. Data from MS/MS were
searched against the Equus caballus database. Only high conﬁdence
peptides with a 1% false detection rate were considered for peptide ID.
Final proteins ID contained protein groups that were ﬁltered with at least
2 peptides per protein. A protein abundance ratio was calculated based
on protein abundance in IL-1b treated co-cultures compared to controls.
Results: As expected, IL-1b induced 2x GAG loss in cartilage cultures (data
not shown). Matrix metachromasia loss was extensive in cartilage-only
cultures treated with IL-1b, further validating culture conditions (Figs 1A,
B). However, when cartilage was co-cultured with synoviocytes and treated with IL-1b, GAG was retained (Figs 1C, D). Using the abundance ratio,
226 proteins were identiﬁed as upregulated in IL-1b compared to control
co-cultures. Protein distribution was 59% extracellular matrix (ECM), 12%
structural, 14% catabolic, 9% chemokine, 3% growth factor (GF), and 3%
ECM/structural (Fig 2). These proteins were then manually reviewed and
searched in the literature for known or potential anti-catabolic effects for
further analysis (Table 1). Presently, qPCR is being performed on RNA
isolated from co-culture synoviocytes for the transcripts of these proteins
which will be followed by gain and loss of function assays.
Conclusions: We have identiﬁed proteins that are up-regulated in
media of co-cultured synoviocyte and cartilage stimulated with IL-1b
compared to control. Further evaluation will identify chondroprotective
protein(s) to be explored as disease modifying OA therapeutics.
Figure 1Synoviocytes protect cartilage from the catabolic effects of
IL1-b. A) Cartilage with uniform matrix metachromasia, B) Cartilage +
IL1-b with depletion of matrix metachromasia, C)Cartilage/synoviocyte
co-culture with similar matrix metachromasia to cartilage in (A), D)
Cartilage/synoviocyte co-culture + IL1-b stimulation with retained
matrix metachromasia compared to cartilage in panel (B) demonstrating protection of cartilage from IL1-b when synoviocytes are present.
Toluidine blue staining. Bar ¼ 500 mm.

Figure 2Protein distribution by function. Proteins (226) that were up
regulated in IL1-b - treated co-cultures compared to control co-cultures.
Proteins are categorized as 59% extracellular matrix (ECM), 12% structural, 14% catabolic, 9% chemokine, 3% growth factor (GF), and 3% ECM/
structural.

Proteins identiﬁed with potential chondroprotective properties.
gelsolin
inter-alpha-trypsin inhibitor
alpha-2-macroglobulin
lumican
insulin-like growth factor-binding protein 2
apolipoprotein B-100
semaphorin-3C
vascular cell adhesion molecule
thrombospondin-1
insulin-like growth factor II
metalloproteinase inhibitor 3
C-X-C motif chemokine 2

Table 1

Proteins identiﬁed with potential chondroprotective properties.The 226 proteins that were
upregulated in IL1-b - stimulated
co-cultures
were
reviewed in the literature for
known or potential roles in
articular homeostasis and 12
were identiﬁed. These ﬁndings
will be validated through PCR
of synoviocytes, and then tested in gain/loss of function for
chondroprotective mechanisms
of action.

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 153
BIOMARKER FOR DEGENERATIVE DISC DISEASES: CLUSTERIN
J. Park, Jr., S. Moon, Jr., H. Han. Korea Univ. Coll. of Med., Seoul, Republic of
Korea
Purpose: Intervertebral disc degeneration (IVDD) is regarded as the risk
factor leading to chronic low back pain (CLBP), which is characterized by
inﬂammation, oxidative stress, and pain. The lifetime prevalence of low
back pain (LBP) has been reported at 70-80 % in advanced countries. The
main risk factors for LBP development are aging and obesity genetic factors, physical trauma. Especially, LBP can lead to a lower quality of life or
even disability in elderly populations. Clusterin is a multifunctional protein that is expressed ubiquitously in most mammalian tissues and plays a
crucial role in diverse pathophysiological conditions including aging,
obesity, and osteoarthritis. In addition, clusterin has been implicated in
several neurodegenerative diseases such as Alzheimer’s disease and spinal cord injury. Previous studies have shown changes in the expression
level of clusterin in cerebrospinal ﬂuid (CSF) of dogs with various neurodegenerative disorders. However, there is insufﬁcient evidence for
changes in clusterin expression in degenerative spinal disease.
Methods: We conducted the RT-PCR and immunohistochemical staining for clusterin in the Intervertebral disc (Lumbar 4/5 and 5/6) in rats of
varying ages, from young rats to aging rats.
Results: It was conﬁrmed that 1) the expression levels of growth factors
and type 2 collagen in the L4/L5 and L5/L6 in the aged rats were decreased
compared to that of the young rats, whereas 2) the expression level of
clusterin in the aged rats was increased compared to that of the young rats.
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Conclusions: These Results suggest that clusterin is available as a molecular marker for aging and degenerative spinal diseases, and clusterin may
serve as a therapeutic target for diverse degenerative spinal diseases

PRESENTATION NUMBER: 154
ERK1/2 MEDIATED ACTIVATION OF DYNAMIN RELATED PROTEIN 1
INDUCES
MITOCHONDRIAL
NETWORK
FRAGMENTATION,
OXIDATIVE STRESS AND APOPTOSIS IN CHONDROCYTES THROUGH
CYTOCHROME C RELEASE
M.Y. Ansari, K. Novak, T.M. Haqqi. Northeast Ohio Med. Univ., Rootstown,
OH, USA
Purpose: Mitochondria are the center for oxidative phosphorylation,
metabolism, and reactive oxygen species (ROS) production in the cell and
home for several proapoptotic proteins. Therefore, tight regulation of
mitochondrial health and function is essential for cellular homeostasis
and survival. Deregulation of mitochondrial function and dynamics is
associated with degenerative diseases including osteoarthritis (OA), but
the detailed mechanism behind mitochondrial dysfunction remains
elusive. Mitochondrial network is a dynamic structure that undergoes a
continuous cycle of ﬁssion and fusion which is important for the maintenance of mitochondrial health and function. Here we studied the
regulation of mitochondrial dynamics by dynamin related protein 1
(DRP1 also known as DNM1L) and its association with mitochondrial
dysfunction and apoptosis in chondrocyte under pathological conditions.
Methods: Expression of DRP1 in normal and OA cartilage (human and
mouse) and in mouse femoral head cartilage explants treated with IL-1b
was determined by immunohistochemistry (IHC) or immunoﬂuorescence (IF) staining at protein levels and by RT-qPCR at mRNA
levels and in primary human and mouse chondrocytes treated with IL1b by qPCR at mRNA level and immunoblotting at protein level.
Translocation of DRP1 to mitochondria was determined by confocal
microscopy and by Western blotting using cytosolic and mitochondrial
fractions prepared by sucrose gradient ultracentrifugation. Mitochondrial fragmentation in normal (no known history of any rheumatic
disease) and human OA chondrocytes was determined by MitoTracker
Deep Red staining or IF staining with mitochondrial proteins, succinate
dehydrogenase A (SDHA) and SDHB or by transient expression of
mitoDsRed (mitochondria targeted red ﬂuorescent protein of Discosoma
sp.). The dynamics of mitochondrial fragmentation in IL-1b stimulated
primary human OA chondrocytes was determined by MitoTracker
staining followed by live cell imaging. Mitochondrial aspect ratio (ratio
of major to minor axis, an indicator of mitochondrial fragmentation)
was analyzed by ImageJ. Loss of mitochondrial membrane potential
(MMP) in chondrocytes stimulated with IL-1b was determined by JC-1
staining and mitochondrial and cellular ROS levels were determined by
MitoSOX, DHR123 and DCFDA staining. Oxidative stress in chondrocytes
was determined by estimating reduced glutathione (GSH) levels and in
mouse cartilage explants by IF staining of 3-Nitrotyrosine. Phosphorylation of ERK1/2 and of DRP1Ser616 in normal and OA cartilage of
human and mouse was determined by IHC or IF staining and in chondrocytes by immunoblotting. ATP production in chondrocytes was
determined by luminescence assay. Chondrocytes apoptosis in monolayer culture and in mouse femoral head cartilage explants was determined by LDH release assay, Caspase 3/7 activity assay, propidium

iodide and TUNEL staining and IF staining of cleaved caspase 3. DRP1
activity was inhibited using mitochondrial division inhibitor 1 (Mdivi1). Role of ERK1/2 in DRP1 activation and chondrocytes apoptosis was
determined by using ERK1/2 inhibitors, PD98059 and SCH772984.
Results: Mitochondria undergo excessive fragmentation in human OA
chondrocytes compared to normal chondrocytes. The expression of
mitochondrial ﬁssion protein, DRP1, was signiﬁcantly increased in
human and mouse OA cartilage compared to normal cartilage. IL-1b
stimulation of primary human and mouse chondrocytes and TC28 cells
induced DRP1 translocation to mitochondria and triggered the fragmentation of mitochondrial network as determined by MitoTracker
staining followed by live cell imaging and by IF staining for SDHA or
SDHB proteins or transient expression of mitoDsRed. Mitochondrial
aspect ratio was signiﬁcantly reduced in human OA chondrocytes
compared to normal chondrocytes and in human and mouse chondrocytes upon IL-1b stimulation. Treatment of chondrocytes with IL-1b
increased mitochondrial damage and dysfunction, reduced ATP production, and increased mitochondrial ROS production. Chondrocytes
apoptosis was high in human and mouse OA cartilage and in chondrocytes and cartilage explants treated with IL-1b. The phosphorylation
of ERK1/2 and DRP1Ser616 was increased in OA cartilage compared to
normal cartilage and in chondrocytes and cartilage explants treated
with IL-1b. Inhibition of DRP1 by Mdivi-1 suppressed IL-1b induced
mitochondrial network fragmentation, loss of MMP, oxidative stress,
cytochrome c release and apoptosis in chondrocytes in monolayer and
in cartilage explant culture. Inhibition of ERK1/2 by PD98059 or
SCH772984 suppressed IL-1b induced phosphorylation of DRP1, mitochondrial network fragmentation and chondrocytes apoptosis.
Conclusions: Our Results demonstrated that mitochondrial network
undergoes excessive fragmentation in OA chondrocytes compared to
normal chondrocytes. Our data also showed a strong association
between mitochondrial network fragmentation and apoptosis in chondrocytes. We show here that ERK1/2 mediated activation of DRP1 is
essential for mitochondrial fragmentation and the induction of apoptosis
in chondrocytes. These data suggest that under pathological conditions
ERK/DRP1 axis plays a critical role in the dysregulation of mitochondrial
dynamics in chondrocytes and can be targeted for the management of
OA. The present study enhances our understanding of mitochondrial
dynamics in chondrocytes and its association with chondrocyte death in
OA. Our data suggests that restoring mitochondrial dynamics and function may be a therapeutic strategy for OA management.

PRESENTATION NUMBER: 155
TARGETED EXPLORATION OF AN RNA SEQUENCING DATASET OF
PRESERVED AND LESIONED OA CARTILAGE-ESTABLISHING A
HUMAN OA DISEASE MODEL OF CHONDROCYTE HYPERTROPHY
N.M Korthagen 1, E. Houtman 1, I. Boone 1, R. Coutinho de Almeida 1,
K. Sivasubramaniyan 2, R.G. Nelissen 1, Y.F. Ramos 1, M.A. Tessari 2,
I. Meulenbelt 1. 1 Leiden Univ. Med. Ctr., Leiden, Netherlands; 2 Galapagos
BV, Leiden, Netherlands
Purpose: Hallmark of the osteoarthritis (OA) disease pathophysiological process is the recuperation of OA chondrocytes towards a
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hypertrophic, growth plate-like morphology and signalling. In this
respect, genetic and functional follow-up research by our group demonstrated that enhanced thyroid signalling (T3), plays a key role in the
onset of OA. The T3-induced terminal maturation of hypertrophic
chondrocytes is associated with mineralization (COL10, ALPL) and
proteolytic enzymes (MMP-13) driving focal calciﬁcation and matrix
degeneration, respectively. The molecular pathways underlying these
processes are, however, poorly deﬁned. Here, we have characterized
signalling pathways of chondrocyte hypertrophy in OA pathophysiology
by targeted exploration of a RNA-seq. dataset (The RAAK-study). Identiﬁed genes were subsequently validated in an ex vivo osteochondral
explant model in which OA hypertrophy is triggered by T3.
Methods: In this study we explored a previously generated transcriptome
wide RNA-sequencing dataset of N¼57 preserved and N¼45 lesioned OA
cartilage samples (RAAK-study). We selected the top 25 positively correlating and top 10 negatively correlating genes for the known hypertrophy
genes COL10A1, ALPL, RUNX2, MMP13, EPAS1 and DIO2, based on Spearman’s rank. Selected genes were employed to a data reduction and
pathway enrichment analysis. Key genes were identiﬁed based on their
correlation with at least 2 hypertrophy genes and signiﬁcant enrichment
and were validated in a T3 stimulated ex vivo human osteochondral
explant model. Hereto, full thickness osteochondral explants were isolated from the macroscopically preserved condyles of eight human kneeOA patients obtained after joint-replacement surgery (Fig. 1).
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explants hypertrophy was successfully induced as shown by the signiﬁcant upregulation of COL10A1 (P ¼ 0.03), ALPL (P ¼ 3x10-3), RUNX2 (P
¼ 0.03) and EPAS1 (P ¼ 1x10-4), see Fig. 2. Furthermore, we found signiﬁcant upregulation for ADAMTS9 (P ¼ 0.04) and VEGFA (P ¼ 4x10-5)
and downregulation of RORC (P ¼ 0.02) and SULF2 (P ¼ 2x10-3), see Fig. 3

Fig. 2 Expression of known hypertrophy genes in human OA explant

cartilage.

Fig. 1 human OA osteochondral explant model. The aged cartilage in

these patients is prone to hypertrophy which can be triggered by
stimulating for 10 days with 10 nM T3. Fluidigm large-scale RT-qPCR
analysis was performed on isolated cartilage from the explants,
including two housekeeping genes, selected hypertrophy genes and
the identiﬁed key genes. Generalized estimating equation analysis was
used to compare outcomes between T3 treated and control samples.
Results: In the RNA-seq dataset, the strongest correlations were found
between COL10A1 and IHH (rho ¼ 0.63); RUNX2 and SULF2 (rho ¼ -0.82);
ALPL and SP7 (rho ¼ 0.76); EPAS1 and FZD4 (rho ¼ 0.74). Among the key
genes was ADAMTS9, which correlated signiﬁcantly with RUNX2 (rho ¼
0.70), COL1A1 (rho ¼ 0.69), EPAS1 (rho ¼ 0.69) and ACAN (rho ¼ -0.59).
Other key genes that were both highly correlating and identiﬁed in the
enrichment analysis included, SULF2, RORC and VEGFA. In T3 stimulated

Fig. 3 Expression of key identiﬁed genes in human OA explant cartilage.
Conclusions: Key markers of hypertrophic signaling pathways were
identiﬁed by exploring RNA-seq data of human preserved and lesioned
OA articular cartilage. Validation of a selection of these genes in a
human ex vivo explant model, in which hypertrophy was triggered by
exposure to T3, conﬁrmed these key features. We advocate that our
established human OA disease model of chondrocyte hypertrophy can
be further exploited for preclinical studies on drug target discovery and
efﬁcacy testing.
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PRESENTATION NUMBER: 156
CARTILAGE SPECIFIC DELETION OF CHEMOKINE RECEPTOR 2 HAS A
TEMPORAL ACTION ON JOINT DAMAGE DURING INJURY INDUCED
OSTEOARTHRITIS
H. Ozkan, H. Willcockson, L. Longobardi. Univ. of North carolina at
Chapel Hill, Chapel Hill, NC, USA
Purpose: Increased expression of chemokines in cartilage, synovial
membrane and subchondral bone are believed to be linked to osteoarthritis (OA). CCR2 has been recognized as an important potential
target in OA: CCR2, its ligands CCL12 (a.k.a. MCP-5) and CCL2 (a.k.a.
MCP-1, the major human circulating ligand), are signiﬁcantly increased
in both rodent models of OA and in humans with OA. In addition, they
have been shown to mediate OA pain. In previous clinical studies, we
determined that CCL2 serum levels at baseline were signiﬁcantly
associated with radiographic knee OA progression and joint space
narrowing at 5-year follow up. Using the destabilization of medial
meniscus (DMM) murine model of post-traumatic OA (PTOA), we
demonstrated that targeting the CCR2 signaling by systemic administration of an antagonist that blocks the CCR2 binding site, resulted in
beneﬁcial effects on joint damage only after early and short treatments;
prolonged treatments, although started at early stages, as well as late
intervention were less effective in improving joint structure, compared
to non treated controls. We hypothesize that alterations in joint
mechanics upregulate the CCR2 pathway in different cell compartment
in a time-dependent manner altering the structural organization of
cartilage and bone tissue, ultimately leading to OA and pain. The purpose of this study is to determine the temporal role of Ccr2 signaling in
cartilage during PTOA and analyze both its preventive and therapeutic
action to the development of whole joint degeneration. To achieve this
goal, we used an inducible tissue speciﬁc inactivation of Ccr2, inducing
recombination before DMM (preventive) or during OA progression
(therapeutic), and followed PTOA changes in cartilage and bone tissues.
Methods: We obtained an inducible tissue-speciﬁc Ccr2 deletion in
chondrocytes by combining chondrocyte-speciﬁc expression of CreER
with Tamoxifen (Tam) injections in CCR2ﬂx/ﬂxeGFP mice crossed with
Aggrecan-CreERT2 (CCR2AggERKO). The Cre-mediated recombination
deletes CCR2 exon3, generating a functional knockout, and activates the
expression of eGFP under the CCR2 locus. Therefore, recombination can
be validated by GFP expression. We used the DMM model to induce
PTOA changes. CCR2AggERKO and CCR2ﬂx/ﬂx mice were injected with
Tamoxifen (40mg/g) for 5 days one week before DMM (early CCR2
inactivation) or 4 weeks after DMM (late CCR2 inactivation). Mice were
euthanized at 2, 4, 8 and 12 weeks after DMM for the early CCR2
inactivation group, or at 8 and 12 weeks post-surgery for the late CCR2
inactivation group. Knees were prepared for histological evaluation
(Safranin-O/Fast Green, H&E) and immunohistochemical (IHC) analyses
with anti-GFP, anti-CCR2, anti-Collagen10 and anti-Osterix antibodies).
Results: We successfully inactivated the Ccr2 receptor in the cartilage
tissue, as shown by the intense GFP expression in the cartilage tissues of
CCR2AggERKO mice compared to controls; the inactivation was also conﬁrmed by lack of CCR2 protein in articular cartilage by IHC. Protein
levels of CCR2 in other tissues were not altered by the recombination.
Following early Ccr2 inactivation before surgery, we found a signiﬁcant
improvement in articular cartilage structure score and Safranin-O
staining score at 4, 8 and 12 weeks post-surgery compared to controls.
Histomorphometric analyses of the total articular cartilage area showed
a signiﬁcant improvement only at the most severe stage. In addition, at
both 8 and 12 weeks post-surgery, protein levels of Collagen 10 were
signiﬁcantly higher in DMM-CCR2AggERKO mice while almost absent in
DMM-controls, where the whole cartilage was replaced by bone.
Although osteophytes size was not affected by Ccr2 deletion, the
osteophyte maturation (from cartilage to bone) was signiﬁcantly slower
in CCR2AggERKO mice during OA progression. In addition, CCR2AggERKO
mice showed decreased Osterix levels in the subchondral bone starting
at 8 weeks post-surgery. In contrast with preventive Ccr2 inactivation,
the deletion of Ccr2 during OA progression, 4 weeks post-surgery, did
not signiﬁcantly alter the articular cartilage structure at any time point,
but signiﬁcantly improved the extracellular matrix score. Although late
Ccr2 inactivation showed an improvement in osteophyte size and
maturation, results did not reach statistical signiﬁcance. Synovial
thickness did not change with both early and late Ccr2 inactivation.
Conclusions: Our Results show that we were able to selectively inhibit
the Ccr2 expression in chondrocytes, leaving its expression unchanged

in other joint tissues. We demonstrated that, following injury, Ccr2
signaling in cartilage tissue has a critical temporal role in joint degeneration, regulating the early molecular changes post-injury, when OA
damage is not evident yet; in contrast, when cartilage and bone damage
has occurred, cartilage expression of Ccr2 is less critical for OA progression. As expected, cartilage levels of CCR2 don’t seem to affect
synovitis, suggesting that the inﬂammatory response might be mediated by macrophage expression of Ccr2. Taken together, our studies
highlight the need of early intervention for the potential use of CCR2 as
PTOA target to prevent both cartilage and bone damage. Other studies
are currently in progress in our lab to determine whether CCR2 deletion
in bone tissue (osteoblasts) indirectly affect the cartilage and bone
tissues during OA progression, as well as pain perception.
PRESENTATION NUMBER: 157
USE OF FABRICATED MICROPARTICLES TO ACHIEVE A SLOW AND
CONSTANT INHIBITION OF THE CHEMOKINE RECEPTOR 2 TO
DECREASE CARTILAGE AND BONE DAMAGE IN A MOUSE PTOA
MODEL
H. Ozkan 1, M. Di Francesco 2, H. Willcockson 1, P. Decuzzi 2,
L. Longobardi 1. 1 Univ. of North carolina at Chapel Hill, Chapel Hill, NC,
USA; 2 Lab. of Nanotechnology for Precision Med., Fondazione Istituto
Italiano di Tecnologia, Genova, Italy
Purpose: Nearly half of subjects sustaining signiﬁcant damage to ligaments, menisci, or articular surfaces will develop osteoarthritis (OA).
After injury, clinically measurable OA can require decades to become
symptomatic, therefore early diagnosis and intervention is thought to
be crucial to slow or prevent subsequent OA. CCR2 has been recognized
as an important potential target in OA: CCR2, its ligands CCL12 (a.k.a.
MCP-5) and CCL2 (a.k.a. MCP-1, the major human circulating ligand), are
signiﬁcantly increased in both rodent models of OA and in humans with
OA. Our previous animal studies using the destabilization of medial
meniscus (DMM) murine model of post-traumatic OA (PTOA) showed
that systemic CCR2 inhibitions by using its RS504393 antagonist at early
OA stages had beneﬁcial effects on cartilage and bone damage, as well
as pain perception. However, a prolonged and delayed exposure to the
RS504393 antagonist did not translate in a signiﬁcant reduction of
cartilage and bone damage, although alleviating pain. Several studies
conducted in inﬂammatory arthritis models using the CCR2 null mice
have suggested that lack of CCR2 was accompanied by a decreased
number of anti-inﬂammatory T regulatory cells, suggesting that CCR2
expression in a speciﬁc hematopoietic cell compartment may serve as
negative regulator of arthritic disease severity. Therefore, although
reducing the damage in cartilage and bone, a delayed and prolonged
systemic CCR2 blockade at the more severe OA stages, when the
inﬂammaroty response is higher, might enhance inﬂammation, affecting OA progression and obstructing the beneﬁcial action seen in the
cartilage and bone compartment. In the present study, in order to
determine the role of CCR2 on joint structure without interfering with
the systemic inﬂammatory response, we achieved a constant and slow
release of the anti-CCR2 antagonist RS504393 into the intra-articular
space of DMM knees during the whole disease progression, and followed cartilage and bone damage at both the early and severe OA stage.
Methods: To achieve a slow and constant release of the RS504393, we
fabricated microparticles loaded with RS504393 using a top-down
approach. They are made out of poly(lactic-co-glycolic acid) (PLGA), a
biocompatible and biodegradable polymer approved by the U.S. Food
and Drug Administration (FDA) for human treatment. To evaluate the
RS504393 release proﬁle in a conﬁned microenvironment, particles
were put in three eppendorf tubes in 500 mL of PBS buffer (pH 7.4, 1X, 37
± 2  C) under continuous rotation. For each time point, samples were
collected and centrifuged (1717g for 5 min). Supernatant was analyzed
usign High Performance Liquid Chromatography (HPLC) after adding an
equal volume of acetonitrile. Based on our release proﬁle (70% of release
after 16 days), we determine that exogenous administration every 3
weeks would allow a constant delivery of the antagonist into the joint.
C57BL/6 male mice were subjected to DMM surgery (or sham control),
where the meniscotibial ligament is transected, and RS-microparticles
was administered intra-articularly one week after surgery. Two consecutive injections of RS-microparticles (0.5 mg/kg, in 10mL at day 6 and
day 7) were given to reach a dose of 1mg/kg in 24 hours. Injections were
repeated at week 4 and 7 post DMM. Mice were euthanized at 4 and 10
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weeks post DMM and knees were prepared for histological evaluation;
staining with hematoxylin and eosin was used for articular cartilage
structure score (ACS); Safranin-O/Fast Green staining was performed to
establish matrix loss, osteophyte formation and osteophyte maturation
from cartilage to bone.
Results: Our results show that intra-articular administration of RSmicroparticles into DMM effectively improves articular cartilage
structure compared to not injected controls (ACS score), decreasing
ﬁbrillation and articualr cartilage loss, at both the early and severe OA
stage (4 and 10 weeks, respectively); interestingly, blockade of the CCR2
did not signiﬁcantly reduced the extracellular matrix loss (Saf-O/FG
score), although a trend was seen at the most severe OA stage. With
respect to bone damage, we found that RS-microparticles administration signiﬁcantly reduced the size of osteophytes, as well as thier
composition, delaying bone deposition.
Conclusions: Our Results indicate that a local continuous inhibition of
the CCR2 receptor into mouse knee joints during PTOA progression has
beneﬁcial effect on both cartilage and bone structure at both the early
and late OA stages. These results are slightly different from the ones we
previously obtained with systemic CCR2 administration, where prolonged CCR2 blockade produced no signiﬁcant differences in cartilage
and bone structure at the most severe OA stages. Taken together, our
results indicate that local and speciﬁc tissue deliver would be needed to
optimize potential therapies targeting the CCR2.
PRESENTATION NUMBER: 158
THE ROLE OF HEPARAN SULFATE IN THE MECHANO-RESPONSE OF
CHONDROCYTES
M.W Gerstner 1, A.-C. Severmann 2, A. Vortkamp 2, W. Richter 1.
1
Heidelberg Univ., Heidelberg, Germany,; 2 Univ. of Duisburg-Essen,
Duisburg-Essen, Germany
Purpose: Osteoarthritis (OA) represents one major cause of disability
world-wide still evading efﬁcient pharmacological or cellular therapies.
Severe degeneration of extracellular cartilage matrix precedes the loss
of mobility and disabling pain perception in all affected joints. Recently,
chondro-protective effects of reduced heparan-sulfate (HS) production
were described in OA-animal models of joint-destabilization. Whether
low HS-expression attenuated the response of chondrocytes to overload
in these mechano-induced OA-models favoring a more beneﬁcial
mechano-response remained so far unclear. Our aim was to uncover
potential mechanisms underlying chondro-protection in HS-deﬁcient
cartilage exposed to mechanical challenge.
Methods: Tissue-engineered cartilage with HS-deﬁciency was generated from murine primary chondrocytes hypomorphic in Exostosin1
(Ext1), one major HS-polymerizing enzyme. Tissue quality of maturing
agarose constructs was evaluated by histology (SafO, IHC), glycosaminoglycan (GAG) quantiﬁcation and gene expression of chondrogenic and hypertrophic markers using qPCR. Constructs were exposed
to 25 % cyclic unconﬁned compression superimposed to 10 % static offset at 1 Hz for 10 minutes intermitted by 10 minutes of break over 3
hours. Activation of mechano-sensitive pathways was assessed by
Western Blotting. Transcriptome proﬁling by microarray and target
validation by qPCR deciphered the impact of HS-depletion on the
molecular loading response.
Results: Mutant chondrocytes expressed only 3-6 % Ext1 mRNA compared to wildtype cells throughout culture, resulting in engineered
cartilage with low HS-content. Expression of Col2a1 rose 2000-fold and
Sox9 120-fold during differentiation conﬁrming cartilage maturation in
both groups. Ext1gt/gt and WT engineered cartilage showed strong
collagen type II deposition, but HS-deﬁcient chondrocytes synthesized
and deposited about 150 % of the control GAG/DNA content. Mechanical
loading activated ERK and P38 signaling similarly in wildtype and HSreduced chondrocytes. Transcriptome and bioinformatic analysis
identiﬁed regulation of cell migration as major load-regulated biological process in both groups while negative regulation of apoptotic
processes was recorded only for Ext1-hypomorphic tissue. Main
mechano-regulated pathways included oxidative stress response and
the TGF-ß superfamily signaling pathway with similar stimulation of
novel mechano-regulated genes Inhba, Timp1, Ngf, Fosl1, Dhrs9 and
Itga5 in both groups. Ext1-hypomorphic chondrocytes showed
enhanced BMP-sensitivity in stimulation assays and BMP6 was able to
raise GAG-production in WT to the levels of HS-deﬁcient engineered
cartilage
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Figure 1 PANTHER statistical overrepresentation analysis. Tissue-

engineered cartilage was generated from Ext1gt/gt and WT mouse
chondrocytes and mechanically challenged on day 14 of cartilage
maturation. Total RNA was isolated from loaded and non-loaded
specimens and subjected to whole transcriptome analysis. PANTHER
statistical overrepresentation analysis performed for all genes with
a more than 1.5-fold differential expression between loaded and
non-loaded samples according to microarray data. All signiﬁcantly
and more than 4-fold overrepresented classes in the Gene Ontology-Biological Process Complete annotation data-set are depicted
according to their overrepresentation score. Numbers behind each
bar indicate the p-value. PANTHER software (Version 15.0, released
2020-02-14, Mi et al. 2019), Fisher’s Exact test, Bonferroni correction for multiple testing.
Conclusions: In conclusion, we propose that HS-deﬁcient chondrocytes
perceive and transduce mechanical signals similar to wildtype chondrocytes but their enhanced BMP-sensitivity allows for higher GAGproduction and better suppression of apoptosis as relevant parameters
for a more beneﬁcial mechano-response.
PRESENTATION NUMBER: 159
EVALUATION OF A PIPELINE FOR CHONDROCYTE DISSOCIATION
FROM MURINE ARTICULAR CARTILAGE FOR SINGLE CELL
SEQUENCING WITHOUT ALTERING THE TRANSCRIPTOME
A. Lang 1, 2, G.A. Heinz 2, F.R. Heinrich 2, P. Durek 2, A. Mobasheri 3, 4,
M.-F. Mashreghi 2, 5, V. Sunkara 6. 1 Charit
e-Univ.smedizin Berlin, Berlin,
Germany; 2 German Rheumatism Res. Ctr. (DRFZ), Berlin, Germany;
3
4
Univ. of Oulu, Oulu, Finland; State Res. Inst. Ctr. for Innov. Med.,
Vilnius, Lithuania; 5 BIH Ctr. for Regenerative Therapies (BCRT), Berlin,
Germany; 6 Zuse Inst. Berlin, Berlin, Germany
Purpose: Preclinical models of osteoarthritis (OA) employ mice or rats
to study disease pathogenesis and verify new therapeutic strategies.
However, the limited size and thickness of the murine articular cartilage
(AC) within the knee joint makes it technically challenging to collect it
without contamination with e.g., subchondral bone or surrounding
connective tissue. These technical challenges create obstacles for using
RNA sequencing approaches to closely characterize molecular disease
mechanisms at the cellular level. Bulk RNA-seq data contain transcriptomes of a mixture of cell types and are therefore reduced in their
signiﬁcance. Single cell (sc) RNA-seq would be a promising solution.
However, chondrocytes are located within a voluminous extracellular
matrix (ECM) requiring enzymatic or mechanical dissection methods to
isolate single cells. This treatment may alter the chondrocytes’ gene
expression signature leading to skewed Results. There is evidence in the
literature that especially stress response genes such as heat shock
proteins (Hsp) or cell activation markers can be upregulated. To eliminate potential effects of the dissociation procedure, the addition of
transcriptional inhibitors such as Actinomycin-D (Act-D) might be
beneﬁcial. Here, we investigated whether the gene expression signatures of chondrocytes revealed by scRNA-seq with the addition of
Act-D during enzymatic dissociation of murine femoral AC is comparable to gene expression signatures gathered from bulk RNA-seq.
Methods: Male C57BL/6J mice aged 10 weeks were purchased from
Charles River Laboratories and were euthanized at an age of 12 weeks
by cervical dislocation. The knee joints were collected, and the femur
was carefully dissected and the lateral and medial condyles were collected. For bulk RNA isolation (n¼3; 2 segment each) a second segment
was collect including the growth plate, bone marrow and non-loaded
articular cartilage (Facies patellaris femoris). Samples were treated with
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RNAlater for 1h at 4 C before removing the RNAlater and freezing
samples at -80 C. Cryo-pulverized samples were resuspended in TriFast™ (VWR), mixed with 1-bromo-3-chloropropane and incubated for
10 min. After centrifugation (10 min at 10.000 x g), the top aqueous
phase was collected for RNA isolation using the RNeasy Mini Kit
according to the manufacturer’s instructions. RNA purity was analyzed
via Nanodrop; RNA integrity and quality were veriﬁed via fragment
analysis. The mRNA-speciﬁc library preparation was performed using
10 ng of total RNA for each sample. For poly-A dependent cDNA synthesis and a ﬁrst ampliﬁcation step the Smart-Seq v4 mRNA Ultra Low
Input RNA Kit was used and 1 ng of the puriﬁed cDNA was used for
tagmentation and library completion with the Nextera XT library
preparation kit. Paired-end sequencing was performed on an Illumina
NextSeq500 using a Mid Output v2 Kit (150 cycles). NextSeq500 raw
sequence reads were mapped to the mouse GRCm38/mm10 genome
with TopHat in very-sensitive settings for Bowtie2. Gene expression
was quantiﬁed by featureCounts. For the analysis of the gene expression
DESeq2 within R 3.5.1 in default settings was used. For single cell isolation (n¼3), the lateral and medial condyles were washed with PBS
supplemented with 2 mg/mL actinomycin D (Act-D) and digested in 10
mg/ml Collagenase NB 4 Standard Grade supplemented with Act-D for 4
h at 37 C and constant rotation. The cell suspension was transferred to a
cell strainer and washed with PBS/BSA. FACS analysis was performed to
determine cell concentration and viability. Single cells were applied to
the 10X Genomics platform using the Chromium Single Cell 5’ Library &
Gel Bead Kit (10x Genomics) and capturing ~3,000 cells following the
manufacturer’s instructions. The ampliﬁed cDNA was used for 5’ gene
expression (GEX) library preparation by fragmentation, adapter ligation
and index PCR. The sequencing was performed on a NextSeq500 device
using High Output v2 Kits (150 cycles) with the recommended
sequencing conditions for 5’ GEX libraries. Illumina output was
demultiplexed and mapped to the mm10 reference genome by cellranger-3.0.2 using refdata-cellranger-mm10-1.2.0 in default parameter
settings. Raw UMI-counts were further analyzed using R 3.6.1 with
Seurat package, including log-normalization of UMI- counts, detection
of variable genes and scaling. T-distributed Stochastic Neighbour
Embedding and the underlying Principle Component Analysis (PCA)
was performed based on 30 components using variable genes and a
perplexity of 30 as set by default.
Results: For scRNA-seq analysis, we performed aggregation of the three
samples resulting in a total of 7,133 cells to be analyzed. The Seurat-3
analysis pipeline revealed six clusters of different cell populations. The
cell populations were distinguished using one versus all differential
gene expression analysis with a cut-off of 3-fold change and GSEA.
Cluster 1 to 5 were enriched for hematopoietic stem cells while in
cluster 6 we could identify chondrocytes by searching for cells
expressing cartilage-speciﬁc genes such as Sox9 (Fig 1A), Comp and
Acan. To compare the gene expression of chondrocytes between bulk
RNA-seq and scRNA-seq, we normalized the gene expression of interest
to Sox9 expression. Comparing the expression levels of the cells in
cluster 6 and the bulk RNA-seq, we found a higher expression of Col2a
and Acan in the single cells (Fig. 1B). Moreover, the scRNA-seq data
showed signiﬁcant less expression of Hspa1b (Hsp70), Hspb1 (Hsp27)
and Jun while the expression of Fosb was comparable between the two
groups (Fig. 1C). These data indicate that the Act-D seemed to preserve
the phenotypic identity of the chondrocytes and appeared to inhibit
potential digestion-induced alterations in the transcriptome. Furthermore, we did ﬁnd the upregulation of FAM46C (data not shown)
encoding an active non-canonical poly(A) polymerase which has been
described to support mRNA stability and gene expression. It has been
previously reported that FAM46C upregulation can be induced by Act-D
treatment.
Conclusions: Collagenase digestion is indispensable for chondrocyte
isolation. Dissociation-induced alterations of the transcriptome are
widely discussed in the community, although not very often studied or
included in publications. However, optimization of collagenase concentration and digestion time should be balanced towards cell output
and potential negative inﬂuences on the chondrocyte transcriptome.
Hence, in our study, we supplemented Act-D - a chemotherapeutic
medication and transcription inhibitor which has been shown to freeze
the transcriptome in immune cells - before and during digestion. When
compared to bulk RNA-seq data, our Results indicate no collagenaseinduced upregulation of stress responsive or cell activation genes,
suggesting that the Act-D treatment counteracted the digestioninduced transcriptional changes. Of note, Act-D cannot prevent

degradation of transcripts. Thus, further research is needed to investigate if Act-D can preserve chondrocytes that are in a transient, more
unstable phenotypic state during OA disease progression

PRESENTATION NUMBER: 160
ANTI-INFLAMMATORY EFFECTS OF ENDOGENOUS ADENOSINE IN
MIXED SYNOVIOCYTES OF PATIENTS WITH OSTEOARTHRITIS AND
RHEUMATOID ARTHRITIS
R. Sohn 1, M. Junker 1, A. Meurer 1, F. Zaucke 1, R.H. Straub 2,
Z. Jenei-Lanzl 1. 1 Dr. Rolf M. Schwiete Res. Unit for Osteoarthritis,
Orthopedic Univ. Hosp. Friedrichsheim gGmbH, Frankfurt/Main,
Germany; 2 Lab. of Experimental Rheumatology and Neuroendocrine
Immunology, Dept. of Internal Med., Univ. Hosp. Regensburg,
Regensburg, Germany
Purpose: Previous studies demonstrated that the endogenous nucleoside adenosine and its metabolite inosine exerts anti-inﬂammatory
effects in the synovial tissue of osteoarthritis (OA) and rheumatoid
arthritis (RA) patients after binding to speciﬁc G protein-coupled adenosine receptors (AR). Different cell types in the body are able to convert ATP to AMP by CD39 followed by AMP conversion to adenosine by
CD73 both intra- and extracellularly. The transmembrane Equilibrative
Nucleoside Transporters ENT1 and ENT2 are responsible for adenosine
transport between intra- and extracellular space thereby inﬂuencing
the extracellularly acting levels of adenosine. In the present study, we
analyzed this adenosine synthesizing and transporting machinery in OA
and RA synoviocytes to better understand how adenosine contributes to
inﬂammatory processes in arthritic diseases.
Methods: Synovial tissue was obtained from RA and OA patients. One
part of the synovial tissue was ﬁxed for immunohistochemical analyses.
Mixed synovial cells containing ﬁbroblasts and immune cells were
isolated by enzymatic digestion and transferred to histological slides by
cytospinning or cultivated under physioxic conditions (1% O2). Fixed
synovial cells were stained for the cell surface ectonucleotidases CD39
and CD73 by immunocytochemistry and FACS. Spontaneous adenosine
as well as inosine release was determined 48 hours after cell seeding by
HPLC. The expression of ADA, ENT1 and ENT2 was investigated by
immunohistochemical staining of synovial tissue samples. In addition,
isolated synoviocytes were treated with the CD73 inhibitor A,B-Methylenadenosine 5diphosphate (AMPCP), the ADA inhibitor 1-Deazaadenosine (DAA) and the ENT1/2 inhibitor Dipyridamole (DIP) as well as
different selective AR subtype agonists (A1AR agonist 6-chloro-N6cyclopentyladenosine (ccpA), A2AAR agonist CGS 21680 hydrochlorid
(CGS), A2BAR agonist BAY 60-6583 (BAY), A3AR agonist 2-(1-Hexynyl)N-methyladenosine (HEMADO)) to identify the AR subtypes responsible for possible adenosine-dependent effects. After treatments for 24
hours under physioxia, cell culture supernatants were collected and
released IL-6 and TNF concentrations were quantiﬁed by ELISA and
Luminex assays.
Results: Mixed synoviocytes from both OA and RA patients coexpressed CD39 and CD73 at a similar level and released adenosine and
inosine spontaneously in a concentration range of 10-7 to 10-6 M.
However, OA synovial cells produced signiﬁcantly higher adenosine and
inosine concentrations compared to RA cells (adenosine: OA: 23.8 ± 8.7
ng/ml, RA 4.6 ± 4.7 ng/ml; inosine: OA 73.4 ± 37.5 ng/ml, RA 10.4 ± 8.3
ng/ml). In synovial tissue samples of both OA and RA patients ADA,
ENT1, ENT2 a well as all AR subtypes could be detected. A1- and A3AR
expression levels were similar in OA and RA while expression of A2Aand A2BAR was more pronounced in RA synovium. The treatment of
mixed synoviocytes with the CD73 inhibitor AMPCP resulted in signiﬁcantly increased IL-6 in both OA and RA, while TNF increased only in
RA signiﬁcantly. The ADA inhibitor DAA signiﬁcantly reduced IL-6 in
both OA and RA synovial cells, whereas TNF was only slightly but not
signiﬁcantly reduced. The inhibition of ENT1 and ENT2 by DIP did not
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exhibit any signiﬁcant IL-6 or TNF modulation neither in OA nor in RA
synoviocytes. The A1AR agonist ccpA and the A3AR agonist HEMADO did
not exhibit any effect neither in OA nor in RA in synovial cell cultures.
The A2AAR agonist CGS signiﬁcantly inhibited IL-6 and induced TNF in
RA but had no effect on OA cells and the A2BAR agonist BAY signiﬁcantly
inhibited IL-6 and increased TNF in both OA ad RA synoviocytes (Fig.1).

Conclusions: This study demonstrates that both OA and RA synoviocytes express the complete enzymatic machinery to synthesize adenosine and inosine endogenously. However, RA synovial cells produced
lower levels of both nucleosides. The reason for this difference might be
a decreased functionality of CD39 and CD73 or an elevated expression of
adenosine and inosine degrading enzymes in RA due to the highly
inﬂamed microenvironment. The fact that CD73 inhibition led to an
increased pro-inﬂammatory cytokine release and ADA inhibition
resulted in the opposite suggests that mainly adenosine and not inosine
is responsible for the anti-inﬂammatory effects in the synovium.
Apparently, ENT1 and ENT2 do not inﬂuence the intra- and extracellular
adenosine concentrations. The agonist treatments indicated that the
anti-inﬂammatory effect of adenosine is limited to IL-6 release because
TNF was not inhibited but rather induced. TNF increase is likely the
consequence of a pro-inﬂammatory AR switch as described for G protein coupled receptors. Taken together, stimulating the CD39/CD73
enzymatic machinery with simultaneous inhibition of ADA activity in
the synovial tissue of OA and RA patients might represent a promising
anti-inﬂammatory therapeutic strategy.
PRESENTATION NUMBER: 161
ELEVATED LEVELS OF INORGANIC PHOSPHATE ARE REQUIRED FOR
FORMATION OF A LOCALIZED CALCIFIED LAYER BY DEEP ZONE
ARTICULAR CHONDROCYTES IN VITRO
A.A Zelinka 1, 2, R.A. Kandel 1, 2. 1 Univ. of Toronto, Toronto, ON, Canada;
2
Sinai Hlth.System, Toronto, ON, Canada
Purpose: Articular cartilage (AC) has a depth-dependent zonal organization with a deep zone (DZ) that merges into a zone of calciﬁed cartilage (ZCC). The ZCC is a highly mineralized region which anchors
hyaline cartilage to the subchondral bone. It maintains structural
integrity of the osteochondral unit and enables force transmission in
the joint. The tidemark, a metabolically active structure separating the
DZ from the ZCC, may function as a calciﬁcation front and represent a
barrier to cartilage mineralization.Mineralization involves accumulation of phosphate and calcium in matrix vesicles, production of
hydroxyapatite crystals, and propagation of these crystals into the
extracellular matrix. In healthy AC, mineralization remains localized to
the ZCC, at and below the tidemark, although tissue non-speciﬁc
alkaline phosphatase (ALP), an enzyme involved in the release of
phosphate from ATP and other phosphate-containing molecules, is
present in both DZ and ZCC. Inorganic phosphate (P i), a key component
of hydroxyapatite, alters expression of genes involved in proliferation,
differentiation, and mineralization, and drives matrix vesicle secretion.
The role of Pi and changes in its content have not been described in
native AC or during mineralization of articular chondrocytes. Due to the
many roles of Pi, we hypothesize that an increase in Pi is required for the
formation of a localized calciﬁed layer of AC.
Methods: Superﬁcial zone (SZ), deep zone (DZ), and full-thickness (all
zones, FT) cartilage were harvested from 9-12-month-old bovine metacarpophalangeal joints. Cartilage pieces were digested with Proteinase
K and Pi quantiﬁed by Malachite Green assay or boiled in sterile ATPfree water with phosphatase inhibitors prior to ATP quantiﬁcation using
the Roche ATP Bioluminescence Assay Kit CLS II. Values were
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normalized to DNA.To study mineralization in vitro, cartilage comprising all zones (FT), or obtained speciﬁcally from low ALP (DZ further from
ZCC, ALPlow) or high ALP (DZ close to ZCC, ALPhigh) zones were harvested
separately and chondrocytes isolated by sequential enzymatic digestion. Chondrocytes were placed on collagen type II-coated membrane
inserts (1x106 cells, 9 mm, MilliporeTM). Five days later, the culture
media were supplemented with either 10 mM ß-glycerophosphate
(ßGP), a mineralization promoter, or sodium phosphate solution (pH
7.4; 1-10 mM). Control tissues did not receive ßGP or sodium phosphate. Select tissues were treated with MLS-0038949 (ALP inhibitor; 30
mM) or ARL67156 (ectoATPase inhibitor; 50 mM). Tissues were harvested
at various times (treatment days 0, 2, 4, 10, 21, 49) depending on the
experiment.Analysis of in vitro formed tissues included quantiﬁcation of
cellular ALP activity by p-nitrophenol phosphate assay, Pi levels by
Malachite Green assay, and DNA content by Hoechst 33258 Dye binding
assay. Tissues were processed for histological evaluation by light
microscopy and stained for mineral (Von Kossa) and ALP activity
(naphthol AS phosphate + Fast Blue). Tissues were examined by electron
microscopy and diffraction. Collagen type X and MMP13 distribution
were evaluated in histological sections by immunohistochemistry followed by immunoﬂuorescence for visualization.Data were expressed as
mean ± SD and analyzed using one-way ANOVA and Tukey’s post hoc or
two-way ANOVA and Bonferroni’s post hoc, depending on the condition. Signiﬁcance was assigned at p<0.05. Experiments were repeated
2-4 times using independent cell isolations.
Results: As a gradient of ALP activity exists in native AC, Pi and ATP
levels were quantiﬁed in the DZ and SZ. Increased Pi and ATP levels
were observed in the DZ, as compared to SZ (p<0.0001, p¼0.0035).In
order to recreate this distribution of P i in vitro and to probe the relationship between Pi and AC mineralization, deep zone chondrocytes
(DZC) adjacent to the ZCC, which have the highest ALP activity (ALPhigh
DZC), were isolated and grown in mineralizing 3D culture (+ßGP).
Within ten days, the in vitro formed tissues derived from ALPhigh DZC
acquired a biphasic organization, with an upper MMP13-rich, nonmineralized zone, and a lower hydroxyapatite-containing, collagen type
X-rich mineralized zone. A tidemark-like structure consisting of collagen ﬁbres separated the two layers. Pi content of mineralizing ALPhigh
tissues increased to 0.252 ± 0.066 mmoles Pi/mg DNA by day 10. Pi levels
did not increase under non-mineralizing conditions. ALP activities in
non-mineralizing and mineralizing tissues decreased over time. In ßGPtreated tissues, ALP activity was inhibited in mineralized regions but
was maintained in non-mineralizing portions of the tissues.DZC taken
further from the ZCC (ALP low DZC) also formed cartilaginous tissue with
calciﬁed and non-calciﬁed zones but the onset of mineralization was
delayed compared to the ALPhigh DZC. This correlated with a delay in the
time required for Pi levels to accumulate to levels similar to those in
ALPhigh DZC derived tissues. While ALP activities were lower in ALPlow
DZC derived tissues at day 0 than ALPhigh DZC derived tissues
(p¼0.0163), quantiﬁed ALP activities decreased over time in non-mineralizing and mineralizing tissues. Differential expression of collagen
type X, MMP13, and ALP activity was observed, however, ALPlow DZCderived tissues did not form a tidemark composed of aligned collagen
ﬁbres.As similar trends in P i content and ALP activity were observed in
tissues formed by ALPlow and ALPhigh DZC, we performed the remainder
of the studies with DZC from low and high ALP regions pooled together.
When ßGP-treated tissues were dissected into their two zones, Pi
accumulation was greater in the mineralized region as compared to the
non-mineralized region (p¼0.0023). Treatment of tissues by ALP or
ATPase inhibitors prevented the formation of a mineralized layer and
accumulation of Pi. Pi supplementation alone was able to induce mineralization and Pi accumulation in in vitro formed DZ tissues. Although
FT chondrocytes (which had the same ALP activity as ALPlow DZC upon
isolation) formed cartilaginous tissue, they did not generate a mineralized zone or accumulate Pi in vitro with Pi or ßGP treatment.
Conclusions: Our data suggests that Pi is critical to articular cartilagelike tissue mineralization in vitro, as in the absence of Pi supplementation tissues did not mineralize. Increased localized Pi levels were
required for formation of a localized zone of calciﬁcation in AC. During
the mineralization process, Pi levels increased and reached a plateau.
When Pi production was modulated by isolating cells from low ALP DZ
regions as opposed to high ALP DZ regions, mineralization and Pi
accumulation were delayed. By inhibiting ALP or ATPase function in
chondrocytes, Pi production and mineralization were inhibited. Even
though cellular ALP activity decreased over time, there was abundant
ALP activity in the non-mineralized zone as determined by staining,
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suggesting that ALP activity was likely not the limiting factor in mediating mineralization. Further investigation is required to understand Pi
regulation in AC mineralization.
PRESENTATION NUMBER: 162
MECHANICAL STIMULATION IS A KEY COMPONENT IN THE
DEVELOPMENT OF PERICELLULAR MATRIX AROUND HUMAN
CHONDROCYTES
C. Paggi, J. Hendriks, L. Moreira Teixeira Leijten, S. Le Gac, M. Karperien.
Univ. of Twente, Enschede, Netherlands
Purpose: Articular cartilage within the joint experience multi-directional mechanical stimulation. These stimuli are transferred to the
chondrocytes through the pericellular matrix, a small shell surrounding
the cells. The signal is then translated by the cell, which subsequently
responds by releasing catabolic or anabolic markers. Our aim was to be
able to determine if, depending on the mechanical stimulus applied
onto the chondrocytes, there would be a variation in extracellular
matrix production. To address this, we used our cartilage-on-chip and
studied the effects of mechanical stimulation on human articular
chondrocytes. The cartilage-on-chip system includes a 3D cell-hydrogel
compartment, a perfusion channel to provide nutrients and a
mechanical actuation unit. The mechanical actuation unit, which is
separated from the rest of the system by a thin elastic polydimethylsiloxane membrane, comprises 3 individually addressable
chambers were positive or negative pressure can be applied (Fig. 1). We
report here how different mechanical stimuli: 1) affect IL-6 cytokine
production; and 2) the chondrocyte’s phenotype compared to static
conditions; 3) inﬂuence the directionality in extracellular matrix deposition; 4) stimulate pericellular matrix formation, and; 5) differentially
affect overall protein expression.
Methods: The cartilage-on-chip was fabricated using soft-lithography
with polydimethylsiloxane. Application of positive and/or negative
pressure resulted in different sets of stimulations onto the 3D hydrogel
(compression or compression & shear strain). Low melting temperature
agarose (2% w/v) was used to embed human primary chondrocytes
(hCHs), which were cultured in the platform for one day with proliferation medium followed by chondrocyte differentiation medium.
First, the cell-laden constructs were stimulated for 7 days (1 h a day at 1
Hz) with either compression, or compression and shear strain (wave
form) or without mechanical stimuli. Medium was collected from the
device at day 1, 2, 3, 5 and 7 and IL-6 concentration quantiﬁed using
enhanced SPRi. qPCR was performed at day 7 for Collagen type I and
type II. Next, cell-laden hydrogels were cultured for 7 days in static
condition and subsequently stimulated for 7 days with the two aforementioned mechanical actuation patterns, or in static conditions for a
total of 14 days. Samples were ﬁxed and stained for aggrecan, collagen
type II and collagen type VI.
Results: The expression of COL2A1 mRNA was higher in the mechanically stimulated samples in particular when using a combination of
compression and shear strain. Interestingly, COL1A1 mRNA expression
was inversely correlated with the COL2A1 mRNA with highest expression in the static conditions. Consequently, these results suggest the
involvement of mechanical stimulation on the transition of human
chondrocytes towards a more hyaline like cartilage phenotype. IL-6
secretion decreased over time with no detectable signal at day 7 for the
static conditions indicating chondrocyte adaptation to the 3D environment. Moreover, IL-6 was higher in the constructs exposed to
mechanical stimuli, indicating a role of mechanical stimulation in IL-6
production. Aggrecan, collagen type II and collagen type VI immunostaining revealed higher pericellular matrix production in dynamic
conditions. The pericellular matrix formed was mainly present in the
direction of the mechanical stimulation suggesting cell adaptation to
the applied stimuli (Fig. 3). Furthermore, the combination of compression and shear strain additionally enhanced both aggrecan and
collagen production.
Conclusions: Our cartilage-on-a-chip platform allows exposure of
hydrogel embedded chondrocytes to multi-modal mechanical stimuli.
Mechanical actuation supported the creation of a pericellular matrix
surrounding the cells. Here, chondrocytes responded differently both at
the gene and protein levels depending on the stimuli applied. Interestingly, chondrocytes produced their matrix in the direction of the
stimuli suggesting a cell adaptation or “self-protection” mechanism. We
are currently investigating if, by applying different biochemical stimuli,
it is possible to inﬂuence the composition of the pericellular matrix.

PRESENTATION NUMBER: 163
THE EFFECT OF NIFEDIPINE ON HUMAN CHONDROCYTES FROM
OSTEOARTHRITIC CARTILAGE CULTIVATED UNDER NORMOXIC AND
HYPOXIC CONDITIONS
D. Bironaite 1, R. Miksiunas 1, E. Bernotiene 1, A. Mobasheri 1, 2. 1 State Res.
Inst. Ctr. for Innovative Med., Vilnius, Lithuania; 2 Univ. of Oulu, Oulu,
Finland
Purpose: Articular cartilage is avascular tissue with hypoxic microenvironment as low as 1 % percent. This means that chondrocytes are
exposed to severe hypoxic conditions in vivo. Cartilage trauma and
degenerative processes can alter the intraarticular microenvironment,
thus limiting the regenerative capacity of joint tissues. Therefore,

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

investigation of cartilage regeneration mechanisms in vitro requires
models that effectively and accurately recapitulate the hypoxic conditions in vivo. It is well known that hypoxia inﬂuences cell survival
functions including signaling and adaptation. However, most of the
published research on chondrogenic differentiation has been carried
out with mesenchymal stem/stromal cells (MSC) from healthy patients
or in animal models using cartilage explants and/or derived chondrocytes under normoxic or hypoxic conditions. In this study, we
investigated the effects of nifedipine, an anti-hypertensive drug and an
inhibitor of L-type calcium channels, particularly the Cav 1.2 subunit, in
chondrocytes isolated from osteoarthritic knee cartilage under hypoxic
and normoxic conditions.
Methods: Chondrocytes were isolated from knee OA articular cartilage
obtained with informed consent from patients undergoing joint
replacement surgery. Cartilage was cut into small pieces and digested
with type II collagenase. Isolated chondrocytes were washed with PBS,
seeded in culture plates and cultivated in DMEM with 10% FBS and
antibiotics (DMEM complete). Cells were cultivated under normoxic
conditions (22% O2 with 5% CO2) and hypoxic conditions (2% or 5% O2
and 5% CO2). Cells were incubated with nifedipine (2.5, 5 and 10 mM).
Cell viability and proliferation were measured using the CCK-8 kit,
intracellular calcium was measured by ﬂow cytometry using Cal520 dye
under normoxic and 5% hypoxic conditions. Chondrogenic differentiation was induced in chondrogenic media (DMEM supplemented
with 0.1 mM dexamethasone, 0.17 mM ascorbic acid, 0.35 mM proline,
1x insulin-transferrin-selenium) by adding 10 ng of TGF-b3 according to
established protocols. Expression of cartilage-speciﬁc genes collagen 2
(COL2A1) and aggrecan (ACAN), L-type channel Cav1.2 (CACNA1C) and
hypoxia inducible factor 1 (HIF1A) and intercorrelation of HIF1A with
other genes has been investigated.
Results: OA chondrocytes cultivated under 5% hypoxic conditions (5%
O2) decreased their proliferation almost three fold (Fig. 1). However,
under harsher 2% hypoxic conditions (2% O2), chondrocytes did not
survive the long-term cultivation (data not shown). This suggests that
chondrocytes derived from OA cartilage are more sensitive to severe
hypoxic conditions, probably due to the altered microenvironment.
Moreover, the nifedipine stimulated proliferation of patient No. 1 cartilage-derived chondrocytes (1 chondrocytes) under normoxic condition, whereas under 5% hypoxic condition it had an inhibiting effect
(Fig. 1 A and B). Similar effect of nifedipine on patient No. 2 cartilagederived chondrocytes (2 chondrocytes) was less pronounced (Fig. 1 C
and D). In addition, the level of intracellular calcium was measured in
chondrocytes cultivated in complete DMEM and chondrogenic media
under normoxic and 5% hypoxic conditions. Data showed that nifedipine stably decreased intracellular calcium in chondrogenic media
under 5% hypoxia compared (Fig. 2 B and D). Since nifedipine had
stronger inhibiting effect on intracellular calcium in chondrogenic differentiation media under 5 % hypoxic conditions during 3 days of
incubation, it was interesting to investigate how nifedipine affects
chondrogenic differentiation during 21 days under normoxic and 5%
hypoxic conditions. The size of 3D chondrocytes during chondrogenic
differentiation under 5% hypoxic conditions did not change signiﬁcantly
compared to normoxic conditions (Fig. 3A), however their density
seemed to be lighter. The most important that 10 mM of nifedipine
under hypoxic conditions vs. normoxic conditions strongly upregulated
both chondrogenic genes collagen II (COL2A1) and aggrecan (ACAN) (Fig.
3 B, upper panels). 9 chondrocytes responded better than 10. 10 mM of
nifedipine also strongly upregulated hypoxia induced factor 1 (HIF1A),
but did not stimulated expression of Cav 1.2 (CACNAC1) (Fig. 3 B, lower
panels). Correlation analysis of gene expression showed that HIF1A
strongly correlated with COL2A1 (r¼0.869905), ACAN (r¼0.87408) but
weekly with CACNAC1 (r¼0.406999).
Conclusions: In summary, chondrocytes derived from different
patients responded differently to nifedipine. Chondrocytes proliferated
around three fold slower under 5% hypoxic compared to normoxic
conditions but were more responsive to various concentrations of
nifedipine (stably decreased intracellular calcium level in chondrogenic
media) compared to normoxic conditions. However, the most important ﬁnding was that 10 mM nifedipine in 5% hypoxic conditions upregulate collagen 2 (COL2A1) and aggrecan (ACAN), as well as HIF-1
(HIF1A) and Cav.1.2 (CACNA1C). Correlation analysis showed that HIF1A
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strongly correlated with COL2A1 and ACAN (r¼0.869905 and r¼
0,87408, respectively) and weakly correlated with Cav 1.2 (r¼0.406999).
These ﬁndings suggest that probably due to the changed microenvironment of human OA cartilage, regenerative mechanism of OA
cartilage-derived chondrocytes in vitro better to investigate under the
mild hypoxic conditions (5%) instead harsh (2%). Nifedipine can stimulate expression of chondrogenic differentiation-related genes in 5%
hypoxic condition.
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PRESENTATION NUMBER: 164
OA SYNOVIAL FLUID INDUCES CHONDROCYTE FIBROSIS AND
PROLIFERATION VIA MAPK AND RHOGTPASE SIGNALING ROUTES
B.A Housmans 1, G.G. van den Akker 1, M. Neefjes 2, D.A. Surtel 1,
A. Cremers 1, P. van der Kraan 2, L. van Rhijn 3, T. Welting 1, 3. 1 Maastricht
Univ., Maastricht, Netherlands; 2 Radboud Univ. Med. Ctr., Nijmegen,
Netherlands; 3 Maastricht Univ. Med. Ctr.+, Maastricht, Netherlands
Purpose: A major hallmark of osteoarthritis (OA) is cartilage degeneration. Synovial ﬂuid is in direct contact with the articular cartilage and
other joint tissues, functioning as a source of nutrients and signaling
molecules. It plays a crucial role in regulating cartilage homeostasis and
repair. Alterations in the composition of synovial ﬂuid (SF) have been
associated with adverse effects on cartilage integrity and function. A
subpopulation of ﬁbro-chondrocytes was recently identiﬁed in latestage OA knee cartilage. We aimed to investigate whether this phenotypic shift towards ﬁbro-chondrocytes is provoked by synovial ﬂuid
from end-stage OA patients. Moreover, we explored the main signaling
pathways induced by OA-SF using an unbiased phospho-kinase array.
Relevant hits were further evaluated for phenotypic and proliferative
changes using protein kinase inhibitors.
Methods: Human Articular Chondrocytes (HACs) from non-OA donors
(pool, n¼4) were cultured in 10% (v/v) FCS or 10% (v/v) knee OA synovial
ﬂuid (OA-SF) for thirteen days and monitored for phenotypic gene
expression and proliferation. Pathway activation was analyzed using a
phospho-explorer array for 650 phosphorylation events. Transcription
factor activity of Elk-1 and SRF were determined by luciferase reporters

in C20A4 cells. OA HACs (pool, n¼4) were stimulated with OA-SF in the
presence and absence of speciﬁc pathway inhibitors (p38; SB203580,
JNK; SP600125, ERK; SCH772984, ROCK; Y27632, Rac1/cdc42; MBQ167, PDGFR; Imatinib, EGFR; Afatinib) for three days and monitored for
gene expression and proliferation. Expression of chondrocyte marker
genes was determined by RT-qPCR and normalized to PPIA. Full ethics
for use of HACs and SF are in place (METC 2017-0183).
Results: The cartilage-speciﬁc phenotype was clearly lost over time
when stimulating with OA-SF, indicated by strong downregulation of
SOX9, COMP and COL2A1 (6-, 12-, 19-fold vs FCS). Fibrosis associated
genes, COL1A1, COL3A1, COL14A1 were stably expressed or slightly
induced over time. The ﬁbrotic regulator, CEMIP, was substantially elevated by OA-SF with at least 2-fold higher expression than FCS at any
time point. Furthermore, expression of ﬁbrocartilage-speciﬁc genes (i.e.
SERPINF1, TMEM119, CXCL12 and SRPX) demonstrated a gradual upregulation. Different from FCS, OA-SF enabled sustained chondrocyte
proliferation in a multilayer fashion. Top differentially activated pathways between FCS and OA-SF stimulation included several receptor
kinases, MAPKs and Rho-GTPases (e.g. PDGFRa, EGFR, HER2, ERK, JNK,
p38, Rac, cdc42 and ROCK). Additionally, transcription factors downstream of actin and MAPK signaling, such as Elk-1 and SRF, demonstrated increased activity upon OA-SF stimulation. The contribution of
speciﬁc pathways in relation to chondrocyte ﬁbrosis was evaluated by
stimulating HACs with OA-SF in combination with small molecule
inhibitors. The expression level of COL1A1 was downregulated through
inhibition of either p38, JNK, Rac, or EGFR kinase activity. Additionally,
COL3A1 was also downregulated by p38 or EGFR/PDGFR inhibition.
Expression of CEMIP was clearly dependent on ERK and JNK signaling.
FN1 expression was dependent on ERK and p38 signaling. Although ERK
inhibition did not affect COL1A1 and COL3A1, it had a profound prochondrogenic effect through upregulation of SOX9, COL2A1 and ACAN.
Interestingly, Rac/cdc42 inhibition diminished the expression of ﬁbrochondrocytic phenotype genes (i.e. SERPINF1, CXCL12 and COL14A1). EGF
receptor signaling was mainly responsible for OA-SF-induced chondrocyte proliferation, indicated by a 40% proliferation reduction when
inhibited by Afatinib. Other kinases, such as Rac/cdc42, p38 and JNK,
were also clearly involved in the proliferative process.
Conclusions: Our data indicate that end-stage OA-SF accelerates dedifferentiation of non-OA chondrocytes towards a ﬁbrotic phenotype
that resembles an OA chondrocyte sub-population in situ. Moreover,
OA-SF enables chondrocyte proliferation, which might function as
repair response in vivo to re-populate damaged areas in cartilage.
Stimulation of HACs with OA-SF predominantly activated pathways
involved in the actin cytoskeleton, MAPK, and tyrosine kinase receptor
signaling. Systematic inhibition of these cellular pathways resulted in
decreased expression of ﬁbrotic genes, like COL1A1, COL3A1, COL14A1
and CEMIP. A clear pro-chondrogenic effect was observed by inhibition
of ERK. Further research will focus on identifying what components in
OA-SF evoke a MAPK/Rho-GTPases response and how this can be
counteracted to reduce chondrocyte ﬁbrosis in osteoarthritis
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PRESENTATION NUMBER: 165
BMP7 REDUCES THE FIBROCARTILAGE CHONDROCYTE PHENOTYPE
THROUGH MMP2

PRESENTATION NUMBER: 166
ACCELERATED MENOPAUSAL CHANGES AS DISEASE MODEL FOR
DEVELOPMENT OF OSTEOARTHRITIS, FOCUM

E.G. Ripmeester, M.M. Caron, G.G. van den Akker, J. Steijns, D.A. Surtel,
A. Cremers, L.W. van Rhijn, T.J. Welting;. Maastricht Univ. Med. Ctr.,
Maastricht, Netherlands

E. Molendijk 1, D. Schiphof 1, E. Oei 1, E. Waarsing 1, R.-J. de Vos 1, K. Bos 1,
J. van Meurs 1, E. Lubberts 1, C. Zillikens 1, B. van der Eerden 1,
M. Kavousi 1, B. Schouten 1, M. de Rooij-Duran 2, S. Bierma-Zeinstra 1.
1
Erasmus MC, Rotterdam, Netherlands; 2 Service Apotheek Pendrecht,
Rotterdam, Netherlands

Purpose: The ﬁbrocartilage chondrocyte phenotype has been recognized as a pathological chondrocyte in osteoarthritic (OA) articular
cartilage. Although relatively rare and mainly found in late-stage OA,
the ﬁbrocartilage chondrocyte expresses a high ratio of genes related to
unfavorable OA outcomes, emphasizing its importance in OA disease
development. Development of the ﬁbrocartilage chondrocyte phenotype resembles ﬁbrotic processes also observed in other tissues. BMP7 is
being explored as a potential disease-modifying molecule reversing the
hypertrophic chondrocyte phenotype in OA. In addition, it has been
demonstrated that BMP7 is able to relief organ ﬁbrosis by counteracting
the pro-ﬁbrotic TGF-b-Smad3-PAI1 axis, leading to increased MMP2mediated COL1A1 turnover. However, whether BMP7 has the capacity
to counteract ﬁbrotic processes in OA chondrocytes is unknown. In this
study, we investigated whether BMP7 is able to ameliorate the ﬁbrocartilage OA chondrocyte phenotype via regulating the activity of
MMP2.
Methods: Human OA articular chondrocytes (HACs) were isolated from
end-stage OA femoral cartilage (total knee arthroplasty; n¼18 donors;
with ethical permission). SW1353 cells and OA HACs were exposed to 1
nM BMP7 for 24 hours, after which gene expression of ﬁbrosis-related
genes (COL1A1, SERPINF1, CXCL12, TMEM119, S100A4, TGF-b1, CEMIP
and P4HA3) and ﬁbrosis-mediating factors (MMP2, MMP14 and PAI1)
were determined by RT-qPCR. In SW1353 cultures, COL1A1 protein
levels were determined by immunocytochemistry. PAI1 and MMP2
protein levels were measured with an ELISA and their activity was
measured with activity assays. MMP2 activity was inhibited with MMP2 Inhibitor I (CAS 10335-69-0). Smad3 activity was determined by a
CAGA12-reporter assay in SW1353 cells.
Results: Following BMP7 exposure, expression of ﬁbrosis-related genes,
as well as PAI1, was reduced in SW1353 cells and OA HACs. COL1A1
protein levels were reduced by BMP7 in SW1353 cells. Gene expression
levels of the anti-ﬁbrotic MMP14 and MMP2 were increased in SW1353
cells following BMP7 treatment. In SW1353 cells, BMP7 reduced PAI1
protein levels and -activity, while MMP2 protein levels and activity
were increased by BMP7. Following inhibition of MMP2 activity, BMP7
lacked the capacity to increase MMP2 activity and the BMP7-induced
inhibition of COL1A1 protein levels in SW1353 cells was abrogated in
the presence of the MMP2 inhibitor. Finally, BMP7 reduced Smad3
transcriptional activity as demonstrated by decreased CAGA12 luciferase reporter activity.
Conclusions: Our data demonstrate that BMP7 is able to attenuate the
ﬁbrocartilage chondrocyte phenotype in an MMP2-dependent manner.
BMP7 potentially exerts these effects by decreasing Smad3-PAI1 activity, affecting the downstream signaling pathway leading to chondrocyte
ﬁbrotic development (Fig. 1). This indicates that BMP7 may have a
double mode-of-action in osteoarthritic chondrocytes, by targeting
both the hypertrophic as well as the ﬁbrotic chondrocyte phenotype in
OA. This broadens the scope of the clinical relevance of using BMP7 as a
disease-modifying molecule in OA.
Fig. 1Proposed molecular pathway by which BMP7 potentially attenuates the ﬁbrocartilage chondrocyte phenotype.

Purpose: After the age of ﬁfty years, the percentage of females with
degenerative disorders, including osteoarthritis (OA), increases rapidly.
It has been suggested that menopause, and the change in hormones
during menopausal transition, inﬂuences the development of these
disorders. During menopausal transition, not only the hormone levels
change, but also metabolism and inﬂammatory responses. Investigating
the inﬂuence of menopausal changes, including protein change, on the
development of degenerative disorders is difﬁcult, because these
changes occur slowly. However, identifying these changes is crucial to
develop novel female-speciﬁc prevention strategies and therapies for
these disorders. Therefore, we propose the use of an unique and novel
human model to investigate the inﬂuence of menopause on the
development of degenerative disorders by modelling a “sudden menopause”, in which we expect that menopausal-related changes will
occur faster: the Females discontinuing Oral Contraceptives Use at
Menopausal age (FOCUM) model. This model does not have the limitations in generalizability of animal models. Nor does it have the limitations of subsequent hormonal support, malignancy and its associated
treatments that are pertinent to human models with a sudden menopause caused by ovariectomy.The aim of our study is to develop the
FOCUM model as a disease model for the development of OA. We want
to identify when changes, especially in proteins, occur after a “sudden
menopause” and which of these changes are associated with the
development of OA after two years. Furthermore, we want to explore if
the model can also be used to learn more about the development of
cardiovascular diseases, diabetes, osteoporosis and tendinopathies. In
this abstract we will report on the feasibility of our inclusion. Our aim is
to include 50 female participants from the general population in and
nearby Rotterdam within one year.
Methods: Our study design is a pilot observational prospective cohort
study with two years of follow-up. Our main questions for this pilot
study are: will the inclusion of participants be feasible and what are the
important time points to ﬁnd changes in proteins? Females between 50
and 60 years of age, who are currently using a combined oral contraceptive and started oral contraceptive use before the age of 45, are
recruited from pharmacies and (if necessary) general practices. In
general, females are advised to stop oral contraceptive use at the age of
52. Females who are willing to stop oral contraceptive use at short term
are invited to participate. Different measurements are performed before
(T0 ¼ 0 to 30 days) and after (T1 ¼ 6 weeks; T2 ¼ 6 months; T3 ¼ 1 year;
T4 ¼ 2 years) stopping oral contraceptive use. At every time point of
measurements a questionnaire is ﬁlled in, a normal photograph of both
hands is taken and a sample of blood is drawn to measure hormones,
proteins, glucose, cholesterol, DNA-methylation and immunological
aspects of cells. At the ﬁrst and ﬁnal time point of measurements, also a
physical examination, an radiograph of both hands, an MRI scan of one
knee, a DXA-scan, and an ultrasound tissue characterization of one
Achilles tendon are performed. To establish which time points of
measurements are most relevant to ﬁnd changes in proteins after hormone change, we will examine changes in serum levels of approximately 150 different inﬂammation and cardiometabolic related
proteins by using the Olink-technology at different time points of
measurements. At the ﬁrst stage of this study, we will use the Principal
Component Analysis on the change in protein levels over time. Thereafter, we will test for the association between principal components and
hormone change. At the second stage of this study, we will relate these
principal components to various OA outcomes.
Results: In January 2020, we sent invitations to 108 local pharmacies to
participate in this study. At that time, a total of 55 pharmacies were
willing to participate. The participating pharmacies were asked to
search in their own information system to identify all possible eligible
subjects, based on age and oral contraceptive use, and to send an
invitation letter in their name to these subjects. Unfortunately, due to
COVID restrictions we started sending these invitation letters by the
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end of June 2020, four months later than planned. Until now, we have
sent 534 invitations from 26 pharmacies to possible eligible subjects. A
total of 107 females replied positively and gave permission to provide
them more information about the study. After giving information and
screening for in- and exclusion criteria, we now have 25 eligible participants who gave informed consent. Of them, 16 participants have had
their ﬁrst (baseline) measurements of 2,5 hours at the Erasmus MC.
With the 29 participating pharmacies left, we expect to reach the targeted number of 50 inclusions by February 2021 and to report about the
ﬁrst stage of this study.
Conclusions: At this time, we have included half of our study population. So the inclusion of 50 female participants for this study within
one year seems to be feasible. By performing different measurements
before and after stopping oral contraceptive use, we will be able to
investigate when and which menopausal changes occur and which of
these changes can be related to OA. With this model we hope to learn
more about the inﬂuence of menopause on the development of OA, but
also of cardiovascular diseases, diabetes, osteoporosis and tendinopathies, in order to develop new prevention strategies and therapies for
these diseases.
PRESENTATION NUMBER: 167
SPRAGUE DAWLEY RATS DEVELOP MORE JOINT DAMAGE COMPARED
TO WISTAR-HAN RATS IN A HIGH FAT-HIGH SUCROSE GROOVE
MODEL OF OSTEOARTHRITIS
K. Warmink, J.L. Rios, D.R. van Valkengoed, N.M. Korthagen,
H. Weinans. UMC Utrecht, Utrecht, Netherlands
Purpose: Osteoarthritis (OA) is a degenerative disease that affects multiple tissues in the joint, and can result in cartilage damage, bone osteophytes, cysts and abnormal remodeling of the subchondral bone. Obesity
is a known major risk factor for OA, which is attributed to the low-grade
systemic inﬂammation that is caused by obesity-associated metabolic
syndrome. Two widely used rat strains for both osteoarthritis and obesity
models are the Sprague Dawley and the Wistar rat. Sprague Dawley rats
are known to be less active and grow at a relative faster rate than Wistar
rats, whereas the metabolic effects caused by high fat diet seems to be
slightly more pronounced in Wistar rats. Little is known about the differences between these strains in osteoarthritis models, therefore goal of
this study was to compare the effects of an high fat-high sucrose(HFS) diet
groove model of OA in Wistar-Han and Sprague-Dawley rats.
Methods: Five male 12 weeks old Sprague Dawley rats (Crl:CD(SD)) and
ﬁve male Wistar-Han rats (Crl:WI(Han)) were fed a high fat-high sucrose
diet (20 kcal% protein, 40 kcal% fat of which 94% pork lard, 40 kcal% carbohydrates of which 83% sucrose) for 24 weeks starting at the age of. After
12 weeks diet intervention local cartilage damage was induced at the right
knee joint by making ﬁve longitudinal grooves on the femoral condyles.
The left knee joint served as an untouched control. Micro-CT scans were
made at week 0 (before diet intervention) and week 24 (12 weeks after
making the grooves), and were used to determine the number of osteophytes, cysts and tibial trabecular bone volume fraction (total volume/
trabecular bone volume). A preliminary determination of joint degeneration was performed using the OARSI histopathology score for rats on
Safranin-O stained sections made at 200 um intervals. The score (0-24)
was reached by scoring the lateral tibia on cartilage degeneration (0-15)
calciﬁed cartilage and subchondral bone damage (0-5) and synovial
membrane inﬂammation (0-4). At start and endpoint, fasted blood was
obtained from the tail vein to determine insulin and glucose concentrations, using ELISA and the hexokinase method, respectively. In addition,
at the endpoint, a glucose tolerance test was performed to determine CISI
scores. Data is presented as mean +/- standard deviation and the difference between groups was statistically tested using paired or unpaired ttests where appropriate.
Results: Over the course of 24 weeks Sprague Dawley rats had a faster
increase in body weight, but the CISI and HOMA-IR scores were comparable between the rat strains. The OARSI score showed an increase in
joint damage in the grooved knee joint in Sprague Dawley compared to
the grooved knee joint in Wistar rats (p¼0.02) (Fig. 1A). In both rat strains
the grooved joint showed a higher OARSI score than the contralateral
untouched joint, but the difference was not signiﬁcant. Both cyst and
osteophyte count was markedly higher in Sprague Dawley rats, p¼0.01
and p¼0.005, respectively (Fig. 1B and D). Osteophyte number was higher
in the grooved knee joint in Wistar rats compared to the ungrooved

contralateral joint (p¼0.02), but showed similar levels between grooved
and ungrooved joints in the Sprague Dawley rats (Fig. 1C). In both rat
strains the number of cysts between grooved and ungrooved joint was
similar (Fig. 1E). The bone volume fraction measured in the tibia of Wistar
rats was very close to their baseline measurement (mean of -1.0% +/- 6.2),
whereas in the Sprague Dawley rats a large decrease of -12.3% (+/-11.1,
p¼0.0087) was observed (Fig. 1G). The change in trabecular bone thickness did not differ between both rat strains, with a mean of 9.1% +/-7.1 in
Wistar rats and 8.4% +/-4.7 in Sprague Dawley rats (Fig. 1H). In addition,
bone volume fraction and trabecular bone thickness was similar between
grooved and ungrooved joints.
Conclusions: This study shows that the joint damage is more pronounced in Sprague Dawley rats compared to Wistar rats when they are
fed a HFS diet and receive groove surgery, with changes observed on
osteophytes, cysts, bone volume fraction and preliminary OARSI score.
The osteophyte level was very high in the Sprague Dawley rats, both in
the ungrooved left joint and the grooved right joint, suggesting a larger
contribution of the HFS diet rather than the damage induced by the
groove surgery in these rats. In Wistar rats this was not the case, here
the ungrooved left joint had very few osteophytes compared to the
grooved joint. These data suggest that the Sprague Dawley rat strain is
more susceptible to joint damage when fed a HFS diet. We suspect that
Sprague Dawley rats are easier triggered with an inﬂammatory metabolic response in the joint upon the HFS diet, which triggers bone
turnover and subsequent bone alterations. These Results also indicate
that differences between animal strains need to be considered when
designing an in vivo study

PRESENTATION NUMBER: 168
GENETIC DELETION OF NUCLEAR PROTEIN-1 REDUCES THE
SEVERITY OF CARTILAGE LESIONS IN A MOUSE MODEL OF POSTTRAUMATIC OSTEOARTHRITIS
L. Tan 1, A. Armstrong 2, C.S. Carlson 2, R. Yammani 1. 1 Wake Forest Sch. of
Med., Winston Salem, NC, USA; 2 Univ. of Minnesota, St. Paul, 55108, MN,
USA
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Purpose: We recently found that Nuclear protein 1 (Nupr1), a stressinducible transcription factor, is highly expressed in aged and osteoarthritic cartilage and in the knee joints of mice fed on high-fat diet.
However, the role of Nupr1 in the development of OA is not clear. This
study aimed to determine if genetic deletion of Nupr1 reduces the
severity of cartilage lesions in surgically-induced osteoarthritis (OA) in
mice
Methods: Nupr1-/- mice were generated using a CRISPR-Cas9 mediated gene editing protocol. Experimental OA was induced by destabilization of the medial meniscus (DMM) in the knee joints of 9month-old wild-type (WT) and Nupr1-/- mice. Eight weeks after the
DMM surgery, knee joints were collected, ﬁxed, processed, embedded in parafﬁn, and sectioned at 4 microns. All sections were evaluated histologically for cartilage structural integrity (articular
cartilage structure score, ACS). The integrity of articular cartilage was
scored on a scale of 0-12, where 0 represents cartilage with a normal
appearance and 12 represents the full-thickness loss of the articular
cartilage across more than two-thirds of the surface scored. Joint
sections were also evaluated immunohistochemically for the marker
of apoptosis (cleaved caspase -3) and cartilage degradation (matrix
metalloproteinase 3; MMP3).
Results: Nupr1+/+ WT mice had a signiﬁcantly increased severity of
cartilage lesions compared to the Nupr1-/- mice, evidenced by the ACS
score (Fig 1). Immunostaining of knee joints from Nupr1+/+ showed
increased expression of cleaved caspase -3 (CC3), a marker for apoptosis
and MMP-3, a major matrix-degrading enzyme (Fig 2). These results
suggest that Nupr1 is involved in the regulation of apoptosis and
expression of MMPs.
Conclusions: This study demonstrates that the lack of Nupr1 Results in
less severe cartilage lesions of surgically induced OA in mice. This is the
ﬁrst study to demonstrate the critical role of Nupr1 in OA pathogenesis.
Nupr1 appears to be a molecule that could be targeted for OA
therapeutics.
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PRESENTATION NUMBER: 169
ADDRESSING THE CHALLENGE OF UNDERSTANDING THE
DEVELOPMENT AND PROGRESSION OF OSTEOARTHRITIS e THE
NEED TO INTEGRATE BIOMECHANICS, BIOLOGY AND IMAGING
P. Vakil 1, M.M. Shekarforoush 1, R. Martin 1, M. Scott 1, C. Dennison 2,
D.A. Hart 1, N.G. Shrive 1. 1 Univ. of Calgary, Calgary, AB, Canada; 2 Univ. of
Alberta, Edmonton, AB, Canada
Purpose: Osteoarthritis (OA) is a complex set of diseases, with multiple
etiologies (injury-PTOA, obesity-Metabolic OA, post-menopausal OA,
idiopathic). To add to this complexity, humans are very heterogeneous
with regard to genetics, post-natal history, nutrition, and other variables. Thus, OA may be multiple diseases with a common endpoint in a
very heterogeneous population of humans. For the past several decades,
investigators have approached understanding OA mainly from either a
biomechanical or biological perspective, and unfortunately, many
important questions remain unanswered due to methodological limitations or too narrow a perspective. We have recently developed a new
methodology of measuring stress involving Fibre Bragg Grating (FBG)
sensors to enhance biomechanical assessment in a sheep model. Our
objective is to ﬁrst integrate the sequence of biomechanical and biological changes over time to obtain understanding of the causes of OA
initiation and progression.
Methods: We have studied kinematic, kinetic and biological changes in
the ovine stiﬂe joint subject to various surgically induced injuries.
Biological changes are assessed through histology, PCR and ELISA. Joint
kinematics are determined before and at 10 and 20 weeks after surgically induced injury (partial ACL injury, full ACL injury,) using an
Instrumented Spatial Linkage which we attach between plates surgically implanted on the femur and tibia. Loads in individual structures
between the bones are determined by removing those structures and
repeating joint motions highly accurately with a robot, invoking the
principle of superposition. Motions measured during gait on a treadmill
are reproduced with the robotic test system to 0.1 mm and 0.1 degrees
accuracy. Stress measurements are determined from FBG sensors in
ﬁbre optic cables about the diameter of a human hair placed into the
joint during the invitro testing. We use each animal as its own control in
an N of 1 experimental design since sheep, like humans, are heterogeneous in structure, function and biology (genetics).
Results: The initial acute inﬂammation . diminishes after a few days to
weeks but has two important consequences: ﬁrst cytokines known to
degrade cartilage are upregulated and second, the constituency of the
synovial ﬂuid is signiﬁcantly disrupted. The high molecular weight HA
is initially depleted and the dynamic coefﬁcient of friction is doubled. It
takes some 10 weeks before the synovial ﬂuid is restored to its original
make-up and the coefﬁcient of friction lowered to its original value.
Meanwhile, there have been changes to the way the bones move relative to one another during gait, as well as to the loads in the various
tissues between those bones - the menisci, the cartilage and ligaments.
While changes are on-going at 20 weeks, we have found no correlation
between kinematic measures in the usual 6 degrees of freedom deﬁned
for a joint and the development of osteoarthritic-like changes in the
joints. If we express the kinematics in terms of helical axis variables, the
correlations are somewhat better but remain weak. However, when
kinetic changes are examined - speciﬁcally increases in stress on the
cartilage surface, there appears to be consistency with the development
of focal damage being close to sites of the largest increase in either
average or peak stress.
Conclusions: Our Results have to be interpreted with care as the data
are obtained at limited time points for gait only, without knowledge of
the loading that may occur from other activities and in the intervening
time periods. Nevertheless, the data do point to where further studies
would provide insightful data as to the potential causes of post-traumatic and possibly idiopathic OA. The stresses and relative surface
motions at various locations in the joint are changed substantially by.
injury. Not only is the stress perpendicular to the cartilage surface at
some locations increased, but the associated friction is also increased
and potentially altered in direction. As no material is perfect in its
structure, ﬂaws in the cartilage in regions of a high step change in stress
will now be the potential source of local failure. The size of any ﬂaw
could be exacerbated by the cytokines upregulated by the acute
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inﬂammation or the cytokines could facilitate creation of the ﬂaws. The
two established possibilities of increasing damage from a ﬂaw are from
a peak stress resulting in a crack extending or for repeated loading to
induce incremental crack growth in each cycle (fatigue). These possibilities are related to changes in peak stress and the average stress per
cycle during gait, and in our studies focal damage was consistently
found close to a sensor with the biggest change in one or other of these
measures. The cartilage appears unable to adapt quickly enough to the
new mechanical environment, and this situation will be aggravated by
the development of chronic inﬂammation. Integrating and understanding the consequences of sequential biological and biomechanical
changes in a joint appears necessary to understanding the development
and progression of OA. Comprehensive studies are required where both
biological and biomechanical changes in a joint are followed over time,
including muscular activities. Muscle activity also needs to be considered because muscles change with age (sarcopenia or injury) and are
central to movement and mobility. Imaging needs to be employed to
measure changes in bone shape and validated models developed to
explore how the changing shapes and motions affect the stresses in the
cartilage. Genetic and epi-genetic factors need to be recorded such that
machine learning and artiﬁcial intelligence techniques can be used to
reveal the combinations of factors that predispose a joint to becoming
arthritic. A large animal model is required to permit all of these
measures to be made sufﬁciently accurately (such as the kinematics and
stress measures here) for meaningful analysis. Through such a comprehensive approach, we believe that the causes of post-traumatic OA
and potentially idiopathic OA can be revealed.
PRESENTATION NUMBER: 170
DISTINCT EX VIVO BIOMARKER PROFILES OF CALCIFIED AND NONCALCIFIED ACETABULAR LABRUM TISSUES IN PRIMARY HIP OA
A. Antoniadis, J. Wegrzyn, E. Moradpour, T. Hügle, J. Geurts. Lausanne
Univ. Hosp. (CHUV), Lausanne, Switzerland
Purpose: Hip OA has a prevalence of 7.4% in individuals older than 60
years and involves structural degeneration of several joint compartments, including femoral head cartilage, periarticular ligaments and the
acetabular labrum. The latter is a ring-form ﬁbrocartilage tissue that
plays a fundamental role in hip joint stability and articular cartilage
homeostasis. Degeneration of the labrum involves chondrocyte apoptosis, macrophage inﬁltration and calciﬁcation and is thought to promote progression of primary hip OA. Moreover, labrum is a vascularized
and innervated tissue and therefore strongly implied in hip OA pain.
While several histological studies have documented morpological tissue changes, biochemical changes have not been extensively reported.
In this study, we characterized biomarker secretion of explanted human
labrum tissues under basal and inﬂammatory conditions.
Methods: Intact labrum specimens were obtained from patients
undergoing total hip arthroplasty (n¼11, mean age 65.5, 3 women) and
dissected in equal-sized samples (200-400 mg wet weight). Labrum
tissues were subjected to explant culture for one week in the presence
or absence of an inﬂammatory stimulus (1 ug/mL LPS). To evaluate the
role of TGF-beta signaling in labrum tissue metabolism, samples were
treated with 10 uM SB-505124 (TGF-beta type I receptor inhibitor) in
the presence or absence of LPS. Secretion of Aggrecan (ACAN), Cartilage
Oligomeric Matrix Protein (COMP), MMP13, Pro-Collagen-Ia and IL-6
was assessed by ELISA. Tissue proteoglycans and calciﬁcation were
evaluated by whole mount Alcian blue/Alizarin red staining followed by
ethyl cinnamate-based optical clearing and ﬂuorescence microscopy.
Results: Whole mount staining for proteoglycans and calcium revealed
different degrees of calciﬁcation of labrum tissues (Figure). Five samples
contained numerous calciﬁed nodules and one sample was completely
ossiﬁed. Non-calciﬁed specimens displayed strong proteoglycan tissue
staining interspersed with ﬁbrous tissue. Labrum tissues secreted low
levels of IL-6 and ACAN (5-50 ng/gr tissue), moderate levels of MMP13
and COMP (100-300 ng/gr tissue) and high levels of Pro-Collagen-Ia
(~900 ng/gr tissue). Subgroup analysis revealed signiﬁcantly higher ProCollagen-Ia (1170+230 vs. 596+305) and MMP13 (157+22 vs. 60+15)
secretion by calciﬁed labrum specimens. Inﬂammatory stimulation led
to a ~10-fold upregulation of IL-6 and ~2-fold dowregulation of ProCollagen-Ia secretion, in both non-calciﬁed and calciﬁed specimens.
Neither basal expression, nor effects of LPS stimulation were mediated
through TGF-beta signaling.

Conclusions: Biomarker proﬁling of degenerative acetabular labrum
tissues revealed distinct secretion patterns in non-decalciﬁed and calciﬁed specimens, displaying elevated Pro-Collagen-Ia and MMP13
secretion by the latter. In contrast to articular cartilage, regulation of IL6 and Pro-Collagen-Ia was not TGF-beta, but rather TLR4-dependent
and calciﬁcation appeared IL-6-independent. Whether labrum ﬁbrochondrytes or inﬁltrated macrophages are crucially involved in these
effects remains to be elucidated. Due to its close proximity to articular
cartilage, secreted mediators from degenerated labrum might contribute to or even accelerate the development of hip OA.
PRESENTATION NUMBER: 171
PROTECTIVE AND BENEFICIAL EFFECTS OF TEMSIROLIMUS ON
HUMAN CHONDROCYTE UNDER INTERLEUKIN 1-BETA STIMULATION
A. Mori, T. Matsushita, K. Nagai, D. Araki, N. Kanzaki, Y. Hoshino,
R. Kuroda. Kobe Univ., Kobe, Japan
Purpose: Osteoarthritis (OA) is a cartilage degenerative disease associated with aging. The mammalian target of rapamycin (mTOR) is a
signal transduction protein that plays a central role in protein synthesis
and cell growth. Importantly, rapamycin which is an mTOR inhibitor has
been reported to extend lifespan and suppress aging-related degeneration of various tissues. We previously reported protective effects of
rapamycin on human chondrocytes and preventive roles in mouse OA
models. Since mTOR inhibitors are immunosuppressive drugs, intraarticular administration would be desirable, considering the side effects
by systemic administration. Temsirolimus, a converted form of rapamycin, is made by converting rapamycin into a water-soluble form.
Currently, only temsirolimus is approved for intravenous administration in mTOR inhibitors and thus may be suitable for intra-articular
administration. However, effects of temsirolimus against OA have not
yet been examined. Therefore, the purpose of this study was to evaluate
the effect of temsirolimus on interleukin (IL) 1beta-induced responses
and changes in human chondrocytes.
Methods: NHAC-Kn (Normal Human Articular, Chondrocyte-knee,
Lonza) were treated by temsirolimus in 10% FBS-supplemented DMEM
under 5% CO2. Cell viability was determined by Cell Counting Kit-8
(CCK8) assay. To explore effects on cell death, autophagy, inﬂammation,
and matrix metabolism, cells were treated by temsirolimus in no
serum-containing DMEM with 10-ng/ml interleukin-1b (IL-1b) to simulate inﬂammation. Relative mRNA expression levels of catabolic MMP1, MMP-13, ADAMTS-4, and ADAMTS-5, and anabolic ACAN encoding
aggrecan and COL2A1 encoding collagen type II alpha 1 chain, and
inﬂammatory cytokines IL-1b and IL-6 relative to glyceraldehyde 3phosphate dehydrogenase (GAPDH) were assessed by real-time RT-PCR.
To assess effects on autophagy, autophagy markers LC3-II/I ratio and
beclin 1 were assessed by Western blotting. b-Actin was used as loading
control. To assess effects on apoptosis, apoptotic cells were identiﬁed
using a ﬂuorescein-labeled TUNEL assay kit.
Results: Temsirolimus showed dose-dependent decreases in CCK8
dehydrogenase activity (P<0.01 in >1 mM). Based on the CCK8 ﬁndings,
100 nM was selected as an effective but non-toxic concentration. Real-
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time RT-PCR demonstrated that IL-1b-induced mRNA upregulations of
MMP-1, MMP-13, ADAMTS-4, ADAMTS-5 (P<0.02), IL-1b and IL-6 were
suppressed by temsirolimus. Meanwhile, temsirolimus treatment
resulted in a trend toward up-regulation of these anabolic genes, ACAN
and COL2A1 (P<0.03). Gene expression of those anabolic genes was
down-regulated by IL-1b but recovered by the treatment with temsirolimus, Western blotting showed that temsirolimus increased LC3-II/I
ratio and expression of beclin 1 (P<0.05). Further, western blotting
analysis showed that temsirolimus reduced the percentage of IL-1binduced apoptotic TUNEL-positive cells (P<0.05).
Conclusions: Temsirolimus attenuated IL-1b-induced upregulation of
catabolic and inﬂammatory gene expressions and apoptosis while
promoting anabolic gene expressions and autophagy in human chondrocyte. Considering systemic side effects of mTOR inhibitors, local
delivery by intra-articular injection would be recommend for their
clinical use. The Results of this study at least suggested that temsirolimus would be a promising drug for intra-articular injection in
treatment of OA.
PRESENTATION NUMBER: 172
CARTILAGE-SPECIFIC
NFAT1
OVEREXPRESSION
RESCUES
OSTEOARTHRITIC PHENOTYPES IN SPECIFIC JOINT TISSUES OF
NFAT1 KNOCKOUT MICE
J. Wang, Q. Lu, M. Zhang, T. Budden. Univ. of Kansas Med. Ctr., Kansas
City, KS, USA
Purpose: NFAT1 (NFATc2) is a member of the nuclear factor of activated
T cells (NFAT/Nfat) family of transcription factors. Our recent studies
revealed that mice with global deletion of NFAT1 (Nfat1-/- mice)
exhibited normal skeletal development but displayed osteoarthritis
(OA) as adults. NFAT1 deﬁciency-induced osteoarthritic phenotypes
include articular cartilage lesion, chondro-osteophyte formation, subchondral bone thickening, and synovial hyperplasia with ectopic
endochondral ossiﬁcation. However, which joint tissue(s) is primarily
affected by NFAT1 deﬁciency during the initiation of OA remained
elusive. By using a novel crossbreeding strategy, this study aimed to test
our hypothesis that NFAT1 deﬁciency primarily affects all three joint
tissues (cartilage, synovium, and subchondral bone).
Methods: Cartilage-speciﬁc NFAT1-overexpressing (Col2-CA-Nfat1+/-)
mice were generated in our laboratory using constitutively active Nfat1
(CA-Nfat1) cDNA under the control of the collagen-2 promoter. The
Col2-CA-Nfat1+/- mice were crossbred with global Nfat1 knockout
(Nfat1-/-) mice to generate Col2-CA-Nfat1+/-;Nfat1-/- mice (Rescue
group) in which CA-Nfat1 is overexpressed in cartilage, while synovium, subchondral bone, and other tissues remained NFAT1-deﬁcient.
The same breeding procedure also produced Col2-CA-Nfat1-/-;Naft1-/mice (KO mice) which display OA phenotypes similar to Nfat1-/- mice
(KO group). Age-matched wild-type (WT) mice were used as negative
controls. Animals were euthanized at 4 and 12 months of age for
assessments. The hip and knee joints were harvested and processed for
histopathology and gene expression analysis using quantitative realtime RT-PCR (qPCR). The severity of OA changes in the knee joint tissues
of Rescue and KO mouse lines were determined by the OARSI OA
grading system. The severity of OA changes in the hip joints of KO and
Rescue mice were determined by a new OA grading system developed
in our own laboratory as described below. Articular cartilage (AC)
lesions were scored from 0 to 6, where 0 for normal and 6 for most
severe AC changes. Subchondral bone: 0 ¼ normal, 1 ¼ compact bone
change (thickening or fracture), 2 ¼ changes in both compact and trabecular bone. Chondro-osteophyte: 0 ¼ normal, 1 ¼ chondro-osteophyte on either superior or inferior joint margin, 2 ¼ chondroosteophyte on both superior and inferior joint margins. Synovium: 0 ¼
normal, 1 ¼ synovial hyperplasia/thickening, 2 ¼ synovial hyperplasia
with ectopic chondrogenesis and endochondral ossiﬁcation in the
synovium and capsule. Tissue sections stained with safranin-O and fast
green were used for tissue-speciﬁc histomorphometric analysis that
was conducted by two observers who were blinded regarding genotype
and age information. Six mice per strain/sex/time point were evaluated.
Statistical analyses were performed with Student t-test and ANOVA.
Results: At 4 months of age, WT mice had no histopathologic OA
changes, Col2-CA-Nfat1+/-;Nfat1-/- mice (Rescue group) showed no OA
phenotype in cartilage and subchondral bone, while they displayed
mild synovial hyperplasia. In contrast, Col2-CA-Nfat1-/-; Nfat1-/- mice

S141

(KO group) showed early OA changes in cartilage (e.g. articular surface
ﬁssuring or ﬁbrillation) as well as synovial hyperplasia and chondrogenic differentiation of synovial cells in the subintimal connective tissue of the hip and knee joints. The mean OA scores of the Rescue group
were signiﬁcantly lower than that of the KO group, but were not signiﬁcantly different from that of the WT group. At 12 months, the mean
OA scores of the Rescue cartilage and subchondral bone were signiﬁcantly lower than that of the KO group but were not signiﬁcantly
different from the WT cartilage and subchondral bone. The mean OA
scores of the Rescue synovium were signiﬁcantly lower than that of the
KO synovium but were signiﬁcantly greater than the WT synovium.
qPCR gene expression analysis of the cartilage and synovium revealed
that expression levels of speciﬁc catabolic genes in the Rescue cartilage
were signiﬁcantly reduced compared to the KO cartilage at both 4 and
12 months. However, expression levels of catabolic genes in the Rescue
synovium were not signiﬁcantly different from that of the KO synovium
at 4 months; expression levels of speciﬁc catabolic genes in the Rescue
synovium were signiﬁcantly lower than the KO synovium but were
greater than the WT synovium. No gender differences were observed in
the histomorphometric and gene expression analyses.
Conclusions: The Results from this study indicate that cartilage-speciﬁc
NFAT1 overexpression can extinguish the OA phenotype in cartilage and
subchondral bone, but not in synovium. The data suggest that NFAT1
deﬁciency primarily affect both cartilage and synovium, but the OA
phenotype seen in the KO subchondral bone is likely a secondary
reaction to cartilage lesions. Furthermore, the severity of synovial
phenotype of the Rescue mice was substantially reduced compared to
that of the KO mice but is not completely rescued, suggesting that OA
phenotype in the synovium and capsule of the KO mice is likely to be
both primary and secondary changes. The principle of the crossbreeding/rescue strategy developed in the current study could be used
for studying tissue-speciﬁc pathogenesis of joint diseases in other
animal models.
PRESENTATION NUMBER: 173
USING LIPIDOMICS TO PREDICT PREDNISOLONE TREATMENT
RESPONSE
IN
PATIENTS
WITH
INFLAMMATORY
HAND
OSTEOARTHRITIS: THE HOPE STUDY
M. Loef, T.O. Faquih, J.H. von Hegedus, M. Ghorasaini, A. Ioan-Facsinay,
F.P. Kroon, M. Giera, M. Kloppenburg. Leiden Univ. Med. Ctr., Leiden,
Netherlands
Purpose: Pharmacological treatments usually show marked variation in
treatment response. To maximize the desired therapeutic effect, and
minimize overtreatment and potential adverse effects, it is important to
carefully select patients who will most likely beneﬁt from treatment.
Lipidomics analysis has become a valuable technology for understanding patho-physiological mechanisms and may aid the identiﬁcation of biomarkers of therapeutic responsiveness. Therefore, we
aimed to explore the use of lipidomics for prediction of prednisolone
treatment response in patients with inﬂammatory hand osteoarthritis.
Methods: The Hand Osteoarthritis Prednisolone Efﬁcacy (HOPE) study
is a blinded, randomized placebo-controlled trial, that investigated the
effect of prednisolone treatment in patients with painful, inﬂammatory
hand OA, fulﬁlling the American College of Rheumatology criteria. The
present analyses comprised only patients randomized to daily 10 mg
prednisolone treatment for six weeks. Response to prednisolone
treatment was deﬁned according to the OARSI-OMERACT responder
criteria at six weeks, as a relative improvement 50% and absolute
change 20/100 in Australian/Canadian Hand Osteoarthritis Index
(AUSCAN) pain or function, or a relative improvement 20% and
absolute change 10/100 in 2 of the following: AUSCAN pain, AUSCAN
function or visual analogue scale (VAS) patient global assessment.
Baseline blood samples were obtained non-fasted. Lipid species were
quantiﬁed in erythrocytes with the LipidyzerTM platform (Sciex) (nmol/
mL). The LipidyzerTM platform allows the targeted proﬁling of over 1000
lipids species. The data was processed based on the relative standard
deviation of quality controls, taking batch effects into account, resulting
in 286 lipids species available for further analyses. In addition, we used
an in-house LC-MS/MS platform to analyse oxylipins in plasma, identifying 25 oxylipins (area ratios). Lipid measurements below the
detection limit were imputed with the minimum measured value
divided by two, all lipid variables were logarithmically transformed due
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to a non-normal distribution, and were mean scaled to ensure comparability by giving the metabolites equal weight. Elastic net regularized regression was used to predict prednisolone treatment response. A
10-fold cross-validation (CV) was performed for selection of the optimal
tuning parameters based on the smallest CV mean prediction error.
First, a model was ﬁt with commonly assessed patient characteristics
and patient reported outcomes, measured at baseline (model 1). Second, we ﬁtted model 2 by adding the LipidyzerTM platform lipids to
model 1. Third, we ﬁtted model 3 by adding the oxylipins to model 1.
The discriminatory accuracy of the model was estimated by receiver
operating characteristic (ROC) analyses. The area under the curve (AUC)
and corresponding 95% conﬁdence intervals (CI) were calculated using
1,000 bootstrap replications.
Results: Among the 40 patients included, 31 (78%) fulﬁlled the OARSIOMERACT responder criteria. From the included general patient characteristics (see Table 1), elastic net selected baseline AUSCAN hand
function as only predictor of treatment response, with an AUC of 0.78
(95% CI 0.60;0.96). In model 2, we added the 286 LipidyzerTM platform
lipid species to model 1. In addition to AUSCAN function, two lipid
variables were selected: diacylglycerol(DAG)(16:0/16:0) (higher levels
associated with response), and phosphatidylethanolamine(PE)(O-18:0/
20:4) (lower levels associated with response). Using a model including
patient characteristics and Lipidyzer variables signiﬁcantly improved
the discriminatory accuracy of the model, with an AUC of 0.92
(0.83;1.02). Lastly, model 3 was ﬁt with patient characteristics as well as
oxylipins, resulting in selection of AUSCAN function and three oxylipin
predictors: 9-hydroxy-octadecatrienoic acid (HOTrE) (lower levels
associated with response), 5-hydroxy-eicosapentaenoic acid (HEPE)
and 10-hydroxy-docosahexaenoic acid (HDHA) (higher levels associated with response), with an AUC of 0.85 (0.69;1.02). Predictors
entered in the model, predictors selected by elastic net, and corresponding ROC curves of the models are shown in Figure 1.

General characteristics
Age, year
Sex, % women
BMI, kg/m2
Education, % high
Disease duration
Erosive OA, %
Kellgren-Lawrence sum score, 0-120
Ultrasound synovitis sum score, 0-90
VAS global assessment, 0-100
AUSCAN pain, 0-20
AUSCAN function, 0-36
Levels selected LipidyzerTMlipids
DAG(16:0/16:0), ng/mL
PE(O-18:0/20:4), ng/mL
Levels selected oxylipins
9-HOTrE, area ratio
5-HEPE, area ratio
10-HDHA, ng/mL

Conclusions: The patients’ lipid proﬁle improved the discriminative
accuracy of the prediction of prednisolone treatment response in
patients with inﬂammatory hand osteoarthritis compared to prediction
by commonly measured patient characteristics alone. This exploratory
study suggests that lipidomics is a promising ﬁeld for biomarker discovery for prediction of anti-inﬂammatory treatment response.

All prednisolone treated n ¼ 40

Responders n ¼ 31 (78%)

Non-responders n ¼ 9 (23%)

P-value

62.4 (9.3)
85
27.4 (4.4)
46
6.7 (7.1)
71
35.1 (16.4)
16.2 (6.6)
52.3 (20.6)
11.0 (3.3)
17.7 (7.6)

62.9 (9.4)
84
27.8 (4.2)
42
7.2 (7.4)
74
34.1 (16.5)
15.5 (6.4)
54.2 (16.8)
11.3 (2.4)
19.6 (6.6)

60.8 (9.4)
89
26.2 (5.0)
56
4.9 (5.8)
56
37.5 (14.7)
18.7 (7.2)
45.6 (30.8)
10 (5.4)
11 (7.5)

0.57
0.71
0.36
0.45
0.40
0.28
0.68
0.21
0.27
0.30
0.002

0.28 (0.12)
66.01 (12.20)

0.30 (0.12)
63.26 (10.65)

0.18 (0.0.84)
75.48 (13.04)

0.013
0.017

0.12 (0.09)
0.011 (0.015)
0.0039 (0.0044)

0.093 (0.059)
0.014 (0.016)
0.0046 (0.0048)

0.20 (0.14)
0.0043 (0.0032)
0.0019 (0.0020)

0.034
0.041
0.058

Numbers represent mean (SD) unless otherwise speciﬁed. Abbreviations: AUSCAN ¼ Australian/Canadian Hand Osteoarthritis Index, BMI ¼ body mass index, VAS ¼ visual
analogue scale, DAG ¼ diacylglycerol, PE ¼ phosphatidylethanolamine, 9-HOTrE ¼ 9-hydroxy-octadecatrienoic acid, 5-HEPE ¼ 5-hydroxy-eicosapentaenoic acid, 10HDHA ¼ 10-hydroxy-docosahexaenoic acid.

Table 1

Baseline characteristics of prednisolone-treated patients in the HOPE study
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PRESENTATION NUMBER: 174
BIOLOGICAL REPRODUCIBILITY OF TARGETED LIPIDOME ANALYSES
(LIPIDYZERTM) IN PLASMA AND ERYTHROCYTES OVER A 6-WEEK
PERIOD
M. Loef, J.H. von Hegedus, M. Ghorasaini, F.P. Kroon, M. Giera,
A. Ioan-Facsinay, M. Kloppenburg;. Leiden Univ. Med. Ctr., Leiden,
Netherlands
Purpose: Lipids play vital roles in cellular function and signaling. The
lipidome dynamically adapts to physiological and pathological conditions. In turn, lipidomics analysis has become a valuable technology
for understanding patho-physiological mechanisms and the identiﬁcation of candidate biomarkers. Variability in within-subject repeated
measurements may lead to bias towards the null when estimating the
association between biomarkers and a disease or treatment. To estimate
the variability of the measurement, information regarding the stability
of the metabolite levels over time is essential. Therefore, we aimed to
assess the lipid composition and biological reproducibility of lipid
measurements in plasma and erythrocytes.
Methods: Blood samples were obtained from 42 placebo-treated hand
osteoarthritis patients (77% women, mean age 65 years, mean BMI 27
kg/m2), included in the Hand Osteoarthritis Prednisolone Efﬁcacy
(HOPE) study. Samples were obtained non-fasted at baseline and six
weeks. From each blood sample, plasma and erythrocytes were separated and used for the quantitative measurement of up to 1000 lipid
species across 13 lipid classes with the LipidyzerTM platform in nmol/
mL. Data was processed based on the relative standard deviation of
quality controls, taking batch effects into account. Intraclass correlation
coefﬁcients (ICCs) and corresponding 95% conﬁdence intervals (CI)
were calculated to investigate the variability of the lipid concentrations
between timepoints. The ICC distribution of lipid metabolites in plasma
and erythrocytes were compared using two-sided paired Wilcoxon
tests.
Results: We measured 778 lipids in plasma, compared to 916 lipids in
erythrocytes. After data processing, the analyses included 630 lipids in
plasma, and 286 in erythrocytes. From these, 243 lipids overlapped
between sample types. Major differences were observed between the
sample types in the number of lipids per lipid class and the total concentration of the lipids within a class. Triacylglycerols (TAG) and cholesteryl esters (CE) were much more abundant in plasma. Conversely,
phosphatidylethanolamines (PE), sphingomyelins (SM) and ceramides

(CER) were less abundant in plasma compared to erythrocytes (Table 1).
In plasma 78% of lipid measurements were good to excellently reproduced, with an overall median ICC of 0.69. Compared to plasma, a
considerably lower amount (35%) of lipids were well reproducible in
erythrocytes. Median reproducibility of lipids in erythrocytes was 0.51
(0.24-0.79). Figure 1 shows a comparison of the ICC score distribution in
plasma with erythrocytes, with a signiﬁcantly better reproducibility in
plasma (p-value<0.001). However, while overall reproducibility was
better in plasma, this was not observed for all lipid classes. At classlevel, reproducibility in plasma was superior for TAGs and CEs, while
CERs, DAGs, (L)PEs and SMs showed better reproducibility in
erythrocytes.
Conclusions: In plasma biological reproducibility was good for most
lipid measurements. Although overall reproducibility was better in
plasma compared to erythrocytes, notable differences were observed at
individual- and lipid class-level that may favour the use of a particular
sample type.

Plasma

Triacylglycerols
Diacylglycerols
Free fatty acids
Cholesteryl esters
Phosphatidylcholines
Phosphatidylethanolamines
Lysophosphatidylcholines
Lysophosphatidylethanolamines
Sphingomyelins
Ceramides
Dihydroceramides
Hexosylceramides
Lactosylceramides
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Erythrocytes

Number of lipid species

Class concentration (nmol/mL)

Number of lipid species

Class concentration (nmol/mL)

482
9
20
24
31
26
9
2
12
6
2
5
2

1579.4 (1064.9-3195.2)
13.3 (8.4-22.2)
745.3 (552.0-1202.9)
4571.6 (4065.1-5521.3)
4013.7 (3203.1-4661.6)
156.2 (120.9-180.3)
385.9 (335.6-442.9)
4.2 (3.5-4.9)
1204.6 (1037.0-1351.9)
14.1 (11.9-17.4)
1.0 (0.8-1.3)
5.1 (4.7-5.9)
3.4 (2.7-3.8)

134
10
20
5
42
42
7
4
8
7
1
4
2

6.5 (5.6-9.4)
5.8 (4.7-6.2)
486.9 (379.2-669.2)
1.2 (0.9-1.7)
3899.2 (3723.0-4296.6)
3954.6 (3721.9-4323.3)
119.8 (109.7-168.9)
8.6 (6.8-9.7)
2695.8 (2434.8-2815.6)
163.0 (133.3-186.4)
1.8 (1.4-2.1)
5.6 (5.0-7.4)
23.8 (20.6-33.5)

Numbers represent median (interquartile range) unless otherwise speciﬁed. Data represents baseline measurements.

Table 1

Number of individual lipids per class and class concentrations in plasma and erythrocytes
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PRESENTATION NUMBER: 175
A LOW REPAIR ENDOTYPE IS PREDICTIVE FOR RESPONSE TO FGF-18
TREATMENT: DATA FROM THE PHASE II OA FORWARD STUDY
A.-C Bay-Jensen 1, A. Manginelli 2, M.A. Karsdal 1, Y. Luo 1, Y. He 1,
M. Michaelis 2, H. Guehring 2, C. Ladel 2. 1Nordic BioSci. A/S, Herlev,
Denmark; 2MERCK Hlth.care KGaA, Darmstadt, Germany
Purpose: There is a medical need for endotyping osteoarthritis (OA)
patients to tailor the right treatment for the individual patients,
reﬂecting the multitude of heterogenous disease drivers. In addition,
there is a research and drug development need for identiﬁcation of
translational biomarkers to accelerate drug development through earlier decision making. Sprifermin, a recombinant form of FGF18, has been
shown to induce chondrocyte proliferation and cartilage formation in in
vitro and in vivo settings, by induction of type II collagen formation
(PRO-C2). With sprifermin, an increase in cartilage thickness in OA
patients was recently demonstrated in the phase 2b trial FORWARD.
PRO-C2, a biomarker of cartilage formation, was able 1) to stratify
patients at baseline to identify superior responders, and 2) to demonstrate the effect of IA administrated sprifermin on cartilage turnover
activity in synovial ﬂuid (SF).
Methods: Serum and synovial ﬂuid (SF) from participants of the FORWARD study, a ﬁve-year phase IIb clinical trial testing the efﬁcacy of
intra-articular (IA) sprifermin, were collected throughout the study.
Treatment with placebo (phosphate-buffered saline IA, n¼107) or high
dose sprifermin (100 mcg/IA, n¼117) was provided in 4 cycles of 3
weekly injections administered every six months. WOMAC and cartilage thickness (MRI) were recorded every 6 months. In the current
study, we focused on the treatment period (Baseline to week 104), and
included patients which had baseline serum available, or SF baseline
and at least one FU up time point sample available (n¼63). Statistical
subgroup analysis was predeﬁned, and patients were dichotomized
based on low baseline serum PRO-C2 (<66.7% of patients) and high
baseline serum PRO-C2 (66.7% of patients) levels. The PRO-C2 cut-off
was 4.19 ng/mL. Time-dependent absolute changes in WOMAC and
cartilage thickness were assessed in the subgroups. The pharmacodynamic effect of sprifermin IA was assessed by PRO-C2 in SF.
Results: The serum and SF cohorts were well-based and compared well
with the full ITT cohort on age, gender, distribution, BMI, as well as
baseline Kellgren-Lawrence grade, cartilage thickness and WOMAC

score. Placebo patients with low baseline PRO-C2 progressed more until
week 104 than those with high baseline PRO-C2: mean change from
baseline in total cartilage thickness -0.1 (std 0.3) vs. -0.03 (std 0.21) mm,
respectively. Patients in the low baseline PRO-C2 subgroup treated with
sprifermin showed a time-dependent increase in cartilage thickness
measured by MRI compared to placebo (difference 0.13 mm (std 0.23),
Fig. 1A). The difference was markedly smaller in the PRO-C2 high subgroup (0.11 mm (std 0.29), Fig. 1B). In addition, WOMAC placebo effect
was lower in the low baseline PRO-C2 subgroup compared to the high
group (difference 19.3 points, Fig. 1C, D). The difference in response to
placebo and sprifermin was 4.2 vs -13.1 points, in the low and high PROC2 subgroups (Fig. 1C, D). Synovial ﬂuid levels of PRO-C2 were increased
based on treatment only in the sprifermin arm (ﬁg. 2A). The level followed a cycling response where levels of PRO-C2 were decreased
(approx. 25%) following injection with sprifermin and were increased
(approx. 75-150%) before the ﬁrst injection of the following cycle (ﬁg.
2B). There was no effect on PRO-C2 levels observed as response to
placebo (ﬁg. 2).
Conclusions: Patients with a low serum PRO-C2 progressed faster and
responded better than those with high PRO-C2. PRO-C2 is a marker of
type II collagen formation and therefore a reﬂection of cartilage
remodeling. The data show that low cartilage remodeling is a prerequisite for efﬁcacy of sprifermin regarding cartilage thickening. This
may be indicative for the existence of a low endogenous repair endotype where chondrocyte activity is low resulting in loss in capacity for
repair. Sprifermin potently induced cartilage formation, between
injection cycles, which is corresponding to an increased cartilage
thickness assessed by MRI. In addition, synovial PRO-C2 levels is a
pharmacodynamic marker of sprifermin

PRESENTATION NUMBER: 176
MECHANOSENSITIVE BLOOD MARKERS AND THEIR INTERRELATION
IN PATIENTS WITH MEDIAL COMPARTMENT KNEE OSTEOARTHRITIS
A. Mündermann 1, 2, C. Nüesch 1, 2, F. Chammartin 3, H. Simon 2,1,
A.-M. Liphardt 4, C. Egloff 1. 1 Dept. of Orthopaedics and Traumatology,
Univ. Hosp. Basel, Basel, Switzerland; 2 Dept. of BioMed. Engineering,
Univ. of Basel, Basel, Switzerland; 3 Inst. of Clinical Epidemiology and
Biostatistics, Univ. of Basel, Basel, Switzerland; 4 Dept. of Internal Med. 3
e Rheumatology and Immunology, Friedrich- Alexander-Univ. ErlangenNuremberg (FAU), Univ.sklinikum Erlangen, Erlangen, Germany
Purpose: The response of biomarkers of joint metabolism to mechanical stimuli in healthy and pathological conditions has attracted
increasing attention in recent years. The main motivation for research
on this interrelationship is improving the understanding of the etiology
and pathomechanics of degenerative joint diseases such as osteoarthritis (OA), identifying potential biomarkers for early OA, developing
frameworks for clinical trials in chondrogenic drug development, and
understanding the effects of obesity, immobilization, exercise and space
ﬂight on articular cartilage health. However, to date the effect of
mechanical stimuli on markers of articular cartilage biology particularly
in patients with OA is poorly understood. This study aimed to quantify
the mechanoresponse of ten potential blood markers for joint metabolism to a walking stress test in patients with knee OA and to determine
the association among the marker kinetics.
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Methods: Twenty-four patients with medial compartment knee OA
scheduled to undergo high tibial osteotomy (16 male, 8 female; median
[interquartile range (IQR)], age 47 [41-52] years; body mass: 82.8 [73.193.6] kg; height: 1.73 [1.65-1.80] m; body mass index: 29.5 [24.3-30.9]
kg/m2) completed a walking stress test with blood sampling (30
minutes walking, 5.5 hours sitting). Blood samples were taken immediately before (t0) and 0h (t1), 0.5h (t2), 1.5h (t3), 3.5h (t4) and 5.5h (t5)
after the walking stress and analyzed using enzyme-linked immunosorbent assays for cartilage oligomeric matrix protein (COMP), matrix
metalloproteinases (MMP)-1, -3, and -9, epitope resulting from cleavage
of type II collagen by collagenases (C2C), type II procollagen (CPII),
interleukin (IL) -6, proteoglycan (PRG)-4, A disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS)-4 and resistin. We
systematically tested for outliers and normality using the Shapiro-Wilk
test for each time point and each marker, and used a non-parametric
test (Wilcoxon signed rank test) that does not rely on assumptions of
absence of outliers and normality of the data. Spearman correlation
coefﬁcients were used to detect correlations between relative changes
among blood markers.
Results: During the 30-minute walking stress, patients walked at an
average speed of 0.91 (SD, 0.29) m/s and took 2238 (SD, 877) steps.
Compared to baseline, COMP and MMP-3 levels were signiﬁcantly different at 0h, 1.5h, 3.5h and 5.5h post walking stress where levels were
elevated immediately after the walking stress, returned to baseline
levels within 0.5h post walking stress and then continued to decrease
further until 5.5h post walking stress (Fig 1). Compared to baseline,
MMP-9 and resistin levels were signiﬁcantly lower than at baseline at
1.5h and 5.5h post walking stress (Fig 1). An inconsistent mechanoresponse was observed for MMP-1, C2C, CPII, C2C/CPII, IL-6, PRG-4, and
ADAMTS-4 (Table 1). Relative changes in COMP correlated with relative
changes in MMP-3 from before to immediately after (R¼0.543,
P¼0.006), 0 to 0.5h (R¼0.668, P<0.001), 0.5 to 1.5h (R¼0.483, P¼0.017),
and 1.5 to 3.5h (R¼0.606, P¼0.002). Relative changes in MMP-9 correlated with relative changes in resistin from before to immediately after
(R¼0.474, P¼0.019), 0 to 0.5h (R¼0.506, P¼0.012), 0.5 to 1.5h (R¼0.677,
P<0.001), 1.5 to 3.5h (R¼0.641, P¼0.001) and 3.5 to 5.5h (R¼0.799,
P<0.001).
Conclusions: This study presents a comprehensive mechanoresponse
of several potential blood markers for joint metabolism to a walking
stress test in patients with knee OA. The Results conﬁrm previous
reports of an initial increase in COMP above baseline during a 30minute exercise followed by a continuous decrease in COMP well below
baseline in the 5.5 hours after the walking stress. This pattern is in
contrast to the mechanoresponse of COMP in a walking stress test in
young healthy adults where levels return to baseline immediately after
the walking stress without a delayed response. These consistent results
in patients with knee OA are particularly relevant as the delayed
mechanoresponse of COMP has been shown to predict future changes in
knee cartilage morphology.Similar kinetics of COMP and MMP-3
observed here conﬁrm previous reports in studies on the dose-response
relationship of mechanosensitive blood markers to ambulatory load
magnitude and on immobilization during bed rest. Moreover, previous
studies have shown that serum COMP and MMP-3 levels were higher in
patients with diagnosed knee OA and that patients with more severe
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knee OA had higher COMP levels than patients with less severe knee OA.
The high correlation among the kinetics of these two markers suggest
that MMP-3 may play a key role in regulating COMP according to
mechanical demands. Interestingly, MMP-9 showed similar kinetics as
resistin. This pattern clearly differed from that of COMP and MMP-3
without an immediate but with a delayed response. Resistin is an adipokine secreted by adipose tissue that is involved in insulin sensitivity.
Resistin may trigger overexpression of matrix metalloproteinases and is
believed to be involved in cartilage destruction caused by inﬂammation
in OA. Resistin levels are elevated in obese persons and in patients with
severe knee OA, and resistin has been shown to lead to an overexpression of MMPs. The observed decrease in levels of resistin and
MMP-9 following the walking stress may indicate a suppression of
resistin and downregulation of MMP-9 in response to the walking stress
possibly representing a chondroprotective function of exercise by
reducing the proteolytical digestion of gelatin and other matrix components.The lack of consistent kinetics in response to the walking stress
for MMP-1, C2C, CPII, C2C/CPII, IL-6, PRG-4, and ADAMTS-4 and previous reports that COMP, MMP-3, MMP-9, ADAMTS-4, CPII and IL-6 are
suitable biomarkers for assessing in vivo cartilage mechanosensitivity
does not preclude the possibility that these markers may reﬂect individual disease progression. Funding: Swiss National Science Foundation
(SNSF #32003B_159871)

Time point Pre-stress

0h

0.5h

1.5h

3.5h

5.5h

IL-6(pg/ml)
ADAMTS-4
(ng/ml)
PRG-4
(ng/ml)
MMP-1
(ng/ml)
C2C(ng/ml)
CPII(ng/ml)
C2C/CPII

1.453 [1.177 - 2.945]
0.323 [0.006 - 4.495]

1.501 [1.169 - 2.770]
0.461 [0.006 - 4.575]

1.375 [1.180 - 2.610]
0.241 [0.006 - 4.465]

1.511 [1.155 - 2.288]
0.145 [0.006 - 4.174]

2.328 [1.597 - 4.372]
0.269 [0.006 - 4.143]

2.237 [1.395 - 3.667]
0.139 [0.006 - 3.899]

191.8 [91.0 - 265.7]

154.8 [70.9 - 269.6]

85.5 [56.7 - 249.8]

103.7 [61.7 - 248.0]

124.9 [61.1 - 238.8]

81.3 [57.6 - 265.0]

28.9 [9.1 - 137.3]

32.3 [8.2 - 130.1]

31.5 [8.1 - 126.2]

28.2 [7.9 - 122.6]

30.1 [7.3 - 127.6]

31.9 [7.6 - 141.8]

Table 1

228.8 [215.8 - 293.5]
230.3 [213.3 - 277.1]
249.6 [208.9 - 288.2]
249.3 [229.4 - 277.0]
242.4 [211.1 - 310.5]
262.0 [200.4 - 314.5]
3213.6 [2638.2 - 4106.0] 3212.1 [2712.7 - 4286.6] 3133.6 [2444.0 - 3797.6] 3273.0 [2896.5 - 3985.8] 3231.5 [2726.4 - 3589.7] 3603.3 [2678.7 - 4018.6]
0.072 [0.058 - 0.099]
0.074 [0.056 - 0.093]
0.085 [0.059 - 0.100]
0.080 [0.062 - 0.102]
0.083 [0.066 - 0.111]
0.073 [0.056 - 0.096]

Median [interquartile range] concentrations for blood markers with inconsistent changes

Osteoarthritis
andCartilage
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PRESENTATION NUMBER: 177
RAMAN SPECTROSCOPIC HYDRATION STATUS ASSESSMENT
PREDICTS HISTOLOGICAL SCORE OF OSTEOARTHRITIC HUMAN
CARTILAGE SPECIMENS
M. Unal 1, 2, R.L. Wilson 3, C.P. Neu 3, O. Akkus 2. 1 Karamanoglu
Mehmetbey Univ., Karaman, Turkey; 2 Case Western Reserve Univ.,
Cleveland, OH, USA; 3 Univ. of Colorado Boulder, Boulder, CO, USA
Purpose: Water amount change in cartilage with osteoarthritis (OA) has
been proposed as a promising biomarker for the early diagnosis of OA.
The only clinically viable technique to assess hydration status of cartilage is Magnetic Resonance Imaging (MRI)-based T2 signal, but its
implementation is not without limitation. Thus, there is still a need for a
wide range of methods to assess hydration status of cartilage nondestructively. We recently established a new method to assess hydration status of cartilage using Raman spectroscopy (RS) which also
allows us to probe zone-dependent cartilage water fractions with
chemically high speciﬁcity. To conﬁrm the diagnostic potential of
measurement of water content using RS, the aims of this study were 1)
to perform a cross-validation study between zone-dependent MRIbased (T2 signal) and RS-based water content measurement and 2) to
assess associations among histopathology score, RS-based and MRIbased hydration status measures.
Methods: Using RS measures of AreaOH, AreaCH and AreaOH/AreaCH
(Fig. 1) and MRI-based (T2 signal) technique, we measured the amount
of water content throughout all cartilage zones (superﬁcial zone (SZ),
middle zone (MZ) and deep zone (DZ)) of sixteen cadaveric human
articular cartilage plugs with different OA severity. The histopathology
score of the cartilage plugs was assessed by two independent observers
blindly. We analyzed changes in water distribution throughout the
cartilage zones by one-way ANOVA followed by Tukey's post hoc test
and then performed linear regression analyses among RS parameters,
MRI parameter, and histopathology score for signiﬁcance using linear
correlation coefﬁcient (R2) at a signiﬁcance level of 0.05.
Results: The specimens used in this study have various OA severity
scores ranging from 1 to 10.5 (4.61±2.53). Regardless of methods to
assess hydration status (MRI-based or RS-based measurement), we
observed a signiﬁcant decrease in water content from SZ to DZ
(p<0.001) overall. Signiﬁcant (p<0.05) relationship existed between
RS- and MRI- based water measurement across all cartilage zones (R2
range: 0.35-0.41). Such signiﬁcant relationship still existed even when
pooled data from all zones (R2¼0.38). While the averaged T2 signal
from all three zones did not explain the variance in histopathology
score, the averaged selected RS parameters (AreaOH, AreaCH, and
AreaOH/AreaCH) explained 26% to 66% of the variances in histopathology score.
Conclusions: The cumulative ﬁndings of this study showed that RS can
probe different water fractions in cartilage zones, correlates with T2
signal from all three zones, and more importantly explains the variances in histopathology score. RS-based water measurement is a
molecular level water assessment with high speciﬁcity and sensitivity
whereas T2 signal is a measure of micro to macro-level water. Such a

fundamental difference could limit the sensitivity of correlation
between MRI measures and histopathology score. The ability of RS in
explaining up to 66% variances of histopathology scores highlights the
great potential of RS in assessing cartilage quality objectively and OA
severity with matrix biochemistry and water content during arthroscopic evaluation using a clinically feasible RS device (such as a ﬁberoptic coupled RS). Therefore, an accurate patient-speciﬁc early diagnosis of OA may be realized when also combined with other clinical
techniques.
PRESENTATION NUMBER: 178
COMPRESSIVE LOADING MODULATES THE EFFECT OF INSULIN-LIKE
GROWTH FACTOR-1 IN TYPE II COLLAGEN PROCESSING IN BOVINE
CARTILAGE EXPLANTS
F. Gillesberg 1, 2, A. Engstrøm 1, 2, S.S. Groen 1, 2, A.-C. Bay-Jensen 1,
C.S. Thudium 1. 1 Nordic BioSci., Herlev, Denmark; 2 Univ. of Copenhagen,
Copenhagen, Denmark
Purpose: Despite extensive success of novel drugs in preclinical models
of osteoarthritis (OA), none have successfully been translated into
approved interventions effective at restoring cartilage or modifying the
onset of joint structural damage. It is possible that the lack of diseasemodifying OA drugs (DMOADs) may in part be explained by the inadequate ability of present preclinical OA models to reﬂect the physiological environment of the joint. Joint tissues, in particular cartilage, are
subject to mechanical loading, which is a critical component in maintaining cartilage homeostasis. A large body of evidence has demonstrated the beneﬁcial clinical effects of physical activity (PA) in people
with knee OA of varying severity, such as functional improvement and
pain relief, and consequently PA lays the foundation in clinical guidelines for the conservative management of OA. The inﬂuence of
mechanical stimulation on cartilage may therefore be essential to
consider when developing drugs attempting to repair cartilage or
modify structural changes of the joint. While the mechanisms of
mechanotransduction are still unclear, it has been shown that loading
affects the cartilage turnover, i.e. the formation and activity of cartilage
matrix proteins and proteases, similar to growth factors and cytokines.
The present study aimed to investigate the interaction, if any, between
moderate compressive loading and insulin-like growth factor-1 (IGF-1)
on type II collagen formation and metabolic activity in a bovine cartilage ex vivo model.
Methods: Full-depth cartilage explants were isolated from the femoral
condyle of bovine hind knees and cultured for 21 days. The explants
were treated three times a week with IGF-1 [100 ng/mL] or regular
culture medium (w/o). Five times a week, uniaxial unconﬁned compression was applied in a sine wave ranging between 0.06 and 1 MPa at
1 Hz frequency for 20 minutes using a 37C, 5% CO incubator-housed
loading instrument. PRO-C2, a biomarker of type II collagen formation
was quantiﬁed in the conditioned media using a competitive ELISA.
Metabolic activity was assessed once weekly by AlamarBlue.
Results: After an initial drop in PRO-C2 from day 0 to 7, PRO-C2
increased from day 7 onwards with IGF-1 treatment, compared to
untreated. Compression of explants increased PRO-C2 levels compared
to unloaded explants in both w/o and IGF-1 groups. On day 21, the mean
difference in PRO-C2 between the unloaded and loaded w/o groups was
258% higher for the compressed w/o group (p < 0.0001), while the
mean difference between unloaded and loaded IGF-1 groups was 60%
higher for the compressed IGF-1 group (p ¼ 0.0004). The effect of IGF-1
treatment on metabolic activity was signiﬁcant between unloaded
groups (w/o vs. IGF-1) on day 21 (p ¼ 0.0297), while a trend was
demonstrated between the loaded groups (w/o þ compression vs. IGF-1
þ compression) on day 21 (p ¼ 0.0568).
Conclusions: The effect of compression on type II collagen formation
was increased in presence of IGF-1 compared to compressed explants in
the w/o group. The effect on PRO-C2 between compression and IGF-1
appears to be an additive interaction. IGF-1 treatment increased the
metabolic activity of explants throughout the timeline of the study. In
conclusion, a cartilage explant model which includes compressive
loading and the ability to quantify de novo cartilage/collagen formation
by the PRO-C2 biomarker, may have the possibility to improve the
translational success rate of preclinical drug candidates entering clinical
OA trials.
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PRESENTATION NUMBER: 179
MEASURES OF CARDIOVASCULAR FUNCTION SUGGEST AUTONOMIC
NERVOUS SYSTEM DYSREGULATION IN THE MALE LEWIS RAT
AFTER SURGICAL INDUCTION OF JOINT INJURY
T. Yeater, J. Zubcevic, K. Allen. Univ. of Florida, Gainesville, FL, USA
Purpose: A recent review entitled “The brain-joint axis in osteoarthritis: nerves, circadian clocks and beyond” by Prof. Francis Berenbaum provides a framework for the contribution of the autonomic
nervous system in osteoarthritis (OA). The autonomic nervous system is
comprised of two branches, the parasympathetic (PNS) and sympathetic nervous systems (SNS) with reciprocal effects on involuntary
actions throughout the body, such as heart rate and blood pressure. In
homeostasis, the PNS and SNS balance these body functions, and serve
as important regulators of immune system homeostasis and allostasis.
An imbalance between the PNS and SNS functions is known as autonomic dysregulation. Because the two branches have reciprocal effects
on heart rate, heart rate parameters may be used as an indicator of
autonomic dysregulation.
Autonomic balance is dysregulated in chronic inﬂammatory diseases,
such as rheumatoid arthritis, hypertension, and diabetes, among others.
To be clear, the etiologies of each of these diseases are different, but the
commonality is inﬂammation that fails to resolve. Similarly, OA presents with chronic inﬂammation, but OA-related inﬂammation is lowgrade and local, often failing to alter circulating levels of cytokines.
Despite the emerging evidence for autonomic nervous system dysregulation in inﬂammatory joint conditions, changes have not yet been
characterized in a rodent model of OA.
Methods: Radiotelemetry probes were implanted into the descending
aorta to collect blood pressure measurements from which the heart
rate was derived from the peaks in pulse pressure. Heart rate was
evaluated as an indirect assessment of vagal nerve function, a key part
of the autonomic nervous system. Measurements were collected for 5
minutes each hour for 24 hours. Recordings occurred at baseline and
every other week for 8 weeks after induction of OA via medial collateral ligament transection plus medial meniscus transection
(MCLTþMMT; n¼13) or MCLT alone (n¼5), with skin incision (n¼9)
used as a control. Because stress is known to exaggerate autonomic
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responses, characteristics of heart rate responses to novel environment stress were also assessed (n¼4-8/group). A 5-HT3a agonist, 1phenylbiguanide, with reported vagal activation properties was used
to indirectly assess vagal nerve function. Heart rate and blood pressure
responses to the 5-HT3a agonist were recorded in anesthetized rats
(n¼5-8/group). Heart rate responses to mechanical stimuli applied at
the knee via a weight and pulley system were used to indirectly assess
cardiac vagal responses.
Results: Longitudinal heart rate measurements revealed decrease in
mean heart rate over time (Fig. 1a; p¼0.037, week main effect) in all
groups. Additionally, MCLT and MCLTþMMT had a tendency for a
more rapid decline in heart rate over the 8 week study period
(p¼0.082, surgery*week interaction). Introduction to novel environment produced a typical increase in heart rate in all groups, conﬁrming a stressful stimulus. This response was signiﬁcantly different
between groups (Figure 1b; p¼0.045, surgery main effect), with a
trend of attenuation in MCLT (p¼0.067) and MCLT þ MMT (p¼0.09)
groups. Mechanical stimuli at the knee resulted in a sudden drop in
heart rate and blood pressure, with no differences seen between
groups (Fig. 2a & 2b). However, the 5-HT3a agonist produced a dosedependent drop in heart rate in all groups (p<0.001; dose main
effect) with a larger drop in heart rate in both MCLT (p¼0.014) and
MCLTþMMT (p¼0.010) animals at the highest dose compared to
control (Fig. 2c & 2d).
Conclusions: Measurement of cardiovascular responses to novelty
stress and pharmacological stimulation of 5-HT3a receptors, which are
reportedly able to induce acute cardiac vagal responses, demonstrate
for the ﬁrst time a shift in ANS function in rodent knee injury models of
OA. Our data suggest a sensitization of cardiac vagal activation to acute
stress and 5-HT3a agonist in OA groups, which was also supported by
the tendency for a more prominent chronic reduction in heart rate in OA
groups. Lastly, acute mechanical stimulation of the knee produced an
immediate reduction in heart rate, suggesting a direct neural joint-brain
connection that may modulate autonomic responses in OA. Although
we did not observe a difference in these responses between control and
OA groups, further studies should delineate this using direct measurements of vagal nerve activity in response to mechanical stimulus of the
joint in OA.

Figure 1 (a) Longitudinal measurements of heart rate indicate a

reduction in heart rate with time, with MCLT and MCLTþMMT
groups exhibiting a more rapid decline in heart rate (*p<0.05
compared to week 0, yp< 0.05 compared to week 2). (b) Heart rate
increased with stress response to novel environment. MCLT and
MCLTþMMT groups exhibit near signiﬁcant difference from control
(^p<0.1 compared to control).
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Figure 2 Heart rate and blood pressure responses to mechanical

stimulation at the knee (a,b) and systemic administration of a 5HT3a agonist (c,d). Sudden drops in heart rate and blood pressure
were observed with mechanical stimulation at the knee, with no
differences seen between groups. Responses to the 5-HT3a agonist
were dose-dependent with MCLT and MCLTþMMT groups having a
larger drop in heart rate at the highest dose (bar indicates p<0.05).

PRESENTATION NUMBER: 180
ESSENTIALTRACE ELEMENTS IN KASHIN-BECK DISEASE e EVIDENCE
FROM AN UPDATED AND COMPREHENSIVE META-ANALYSIS
G. Fu, X. Chen, R. Zhang. Shaanxi Univ. of Chinese Med., Xianyang, China
Purpose: Kashin-Beck disease (KBD) is an endemic Osteoarthritis (OA)
and usually develops in adolescents due to necrosis of cartilage.
Besides, it leads to cartilage internalization disorder and osteoarthrosis. Short stature, joint pain, deformity, and even disability are
the major clinical symptoms of KBD. Therefore, KBD severely affects
the health of patients and reduces their quality of life. KBD is common
in remote western China. Exploring the etiology and pathogenesis of
KBD is still important for guiding the implementation of national
decision-making, especially for endemic disease control. Several etiology hypotheses for KBD have been proposed, including the mycotoxins contamination, high concentrations of fulvic acid and reduction
of trace elements in drinking water. Many studies have reported that
essential trace elements, such as selenium (Se), iron (Fe), zinc (Zn),
manganese (Mn), ﬂuorine (F), iodine (I), and copper (Cu), are associated with KBD. However, there is no clear and widely recognized
evidence. Therefore, it is very important to actively research the real
connection between essential trace elements and KBD, which will help
in the prevention and control of KBD. In this study, an updated and
comprehensive meta-analysis was conducted to evaluate the changes
of seven essential trace elements in KBD patients and compared with
healthy individuals, and this can provide a reference for the implementation of early clinical intervention and prevention in patients
with KBD.
Methods: All the involved articles were searched in the following
databases: Chinese Notional Knowledge Infrastructure (CNKI), WanFang Database, China Biology Medicine (CBM), PubMed, and Web of
Science up to April 30, 2020. We used the following combination
keywords: “(Kaschin-Beck disease OR KBD) AND ((selenium OR iron

OR zinc OR manganese OR ﬂuorine OR iodine OR copper) OR (Se OR Fe
OR Zn OR Mn OR F OR I OR Cu))”. The data of the qualiﬁed selected
studies were collected and analyzed following the inclusion and
exclusion criteria of the original literature. All statistical analyses were
performed by RevMan5.3 and Stata 16.0 software. The Standard Mean
Difference (SMD) and 95% conﬁdence interval (95% C.I.) were calculated for evaluating the difference of the seven essential trace elements between KBD and controls. Further meta-analysis was
performed with a ﬁxed-effects model when there was no statistically
signiﬁcant heterogeneity among the original studies, that is, if P>0.05,
I2<50%. Random effects model was adopted if the opposite happened
(P<0.05, I2>50%).
Results: A total of 57 eligible literature was included into this study.
The results of meta-analysis showed that: The levels of Serum Se
(SMD¼ -2.68, 95% C.I.: -3.44- -1.92, P<0.00001), hair Se (SMD¼ -2.00,
95%C.I.: -2.86- -1.15, P<0.00001), urinary Se (SMD¼ -1.85, 95%C.I.:
-2.71- -0.98), P<0.00001), erythrocyte Se (SMD¼ -5.12, 95%C.I.: -9.550.69, P<0.00001) in the KBD patients were all signiﬁcantly lower than
those of the healthy controls. There were no statistical differences in
levels of hair Fe (SMD¼ 0.31, 95%C.I.: -0.67-1.30, P¼ 0.53) and serum
Fe (SMD¼ -0.22, 95% C.I: -0.89- 0.45, P¼ 0.52) between KBD patients
and healthy controls. The hair Zn level (SMD¼ 0.25, 95%C.I.: 0.030.48, P¼ 0.03) of the KBD patients was signiﬁcantly higher than that
of the healthy controls, whereas there were no statistical differences
in the serum Zn level (SMD¼ -0.13, 95%C.I.: -0.22-0.74, P¼ 0.77)
between KBD patients and healthy controls. The hair Mn level (SMD¼
0.55, 95%C.I.: 0.24- 0.85, P¼ 0.0005) of the KBD patients was statistically signiﬁcantly higher than that of the healthy controls,
whereas there were no statistical differences in the serum Mn level
(SMD¼ 0.87, 95%C.I.: -0.97- 2.71, P¼ 0.35) in these two groups. The
serum F level (SMD¼-0.58, 95%C.I.: -1.04- -0.12, P¼ 0.01) of the KBD
patients was signiﬁcantly lower than that of the healthy controls.
Whereas there were no statistical differences in the levels of hair F
(SMD¼ 0.56, 95%C.I.: -0.31-1.42, P¼ 0.21) and urinary F (SMD¼0.25,
95%C.I.: -0.60-1.09, P¼0.57). The hair I level (SMD¼ -0.57, 95%C.I.:
-1.06- -0.08, P¼ 0.02) of the KBD patients was signiﬁcantly lower than
that of the healthy controls; there were no statistical differences in
the urinary I level (SMD¼ -0.13, 95%C.I.: -0.05- 0.38, P¼ 0.61). There
were no statistical differences in the levels of serum Cu (SMD¼ 0.13,
95%C.I.: -0.24- 0.50, P¼ 0.48) and hair Cu (SMD¼ -0.02, 95%C.I.: -0.380.34, P¼ 0.91).
Conclusions: The Se level, the levels of serum F and hair I in patients
with KBD are lower than those of healthy controls. While the levels of
hair Zn and hair Mn of KBD patients are higher than those of healthy
controls, which will be further conﬁrmed in our future studies. We
present that Se, F and I deﬁciency is associated with the pathogenesis
of KBD. (The study was supported by Key Research and Development
Program in Shaanxi Province, No. 2020SF-076; Research Project from
Health Commission of Shaanxi Provincial Government, No. 2018A017;
Education Department of Shaanxi Provincial Government, No.
19JS015.)
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PRESENTATION NUMBER: 181
LATERAL TIBIOFEMORAL T1RHO RELAXATION TIMES DIFFER BASED
ON SERUM BIOMARKER PROFILES IN ANTERIOR CRUCIATE
LIGAMENT INJURED PATIENTS
C. Lisee, J.T. Spang, R. Loeser, Jr., L. Longobardi, D. Lalush, D.B. Nissman,
T. Schwartz, D. Hu, B. Pietrosimone. Univ. of North Carolina at Chapel
Hill, Chapel Hill, NC, USA
Purpose: Catabolic biochemical joint changes following anterior cruciate ligament (ACL) injury and ACL reconstruction (ACLR) may contribute to the development of posttraumatic osteoarthritis (PTOA).
Determining serum biochemical proﬁles that associate with early
changes in articular cartilage composition is important for identifying
individuals at high risk for developing PTOA following ACLR. Serum is
an easily accessible ﬂuid that can be reliably collected at traditional
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clinical timepoints before and after ACLR in ACL injured patients.
Changes in serial assessments of serum biomarkers have demonstrated
the ability to predict incident idiopathic knee osteoarthritis onset.
Therefore, the purpose of this study is twofold: 1) identify proﬁles of
serum biomarker changes preoperatively (post-ACL injury but prior to
ACLR) to 6 months post-ACLR; 2) compare magnetic resonance imaging
(MRI) measures of tibiofemoral articular cartilage composition between
groups based on serum biochemical proﬁles. We hypothesized that
individuals with increased inﬂammation (monocyte chemoattractant
protein-1 [MCP-1]), type-II collagen turnover (type II collagen breakdown [C2C]:synthesis [CPII]), matrix degradation (matrix metalloproteinase-3 [MMP-3] or cartilage oligomeric matrix protein [COMP])
preoperatively to 6-months post-ACLR would demonstrate greater
tibiofemoral T1rho relaxation times at 12-months post-ACLR.
Methods: Twenty-six participants (46% female, age¼22.1±4.2 years,
body mass index [BMI]¼24.0±2.6 kg/m2, 88% with concomitant
meniscal or chondral injury, Marx Activity Level¼10±3.5) who sustained an ACL injury within 15 days of initial presentation at the
orthopaedic clinic (6.4±3.6 days post-ACL injury) and were planning to
under ACLR participated in a prospective, longitudinal cohort study.
Self-reported activity level was assessed at 6 months post-ACLR using
the Marx Activity Scale in which higher scores indicate more participation in running, cutting, and jumping activities. Scores from the
Marx Activity Scale were used to help characterize the cluster groups
and serve as a covariate in the statistical analysis. Serum samples were
collected from the antecubital fossa of participants, placed in a centrifuge, aliquoted into cryovials, and stored in a freezer (-80 C) preoperatively and at 6 months post-ACLR. Serum samples were batched
processed at the end of the study. Commercial enzyme-linked immunosorbent assays (ELISA) were used to assess for biomarker concentrations of MCP-1, MMP-3, and COMP (ng/mL; R&C Systems,
Minneapolis, MN, USA) and C2C:CPII (mg/ml; IBEX Technologies, Inc.
al, Que
bec, Canada). Differences between serum biomarker
Montre
concentrations measured preoperative and 6-month post-ACLR visits
were calculated and transformed into z-scores. MRI T1rho images of
tibiofemoral articular cartilage were collected at 12-months-post ACLR
with a Siemens Magnetom TIM Trio 3-T scanner and a 4-channel Siemens larger ﬂex coil (516 x 224 mm; Siemens; Munich,Germany) or a
Siemens Magnetom Prisma 3-T Powerpack scanner with a XR 80/200
gradient coil (60 x 213 cm; Siemens; Munich,Germany). The MRI
sequence consisted of a three-dimensional fast-low angle shot with a
spin lock power of 500 Hz at ﬁve spin lock durations (0, 10, 20, 30, 40
ms) and 0.8 mm x 0.4 mm x 3 mm voxel size. The ﬁve-image sequences
were used to calculate a voxel by voxel T1rho map with an in-house
Matlab program. Lateral femoral, medial femoral, lateral tibial, and
medial tibial condylar regions of the articular cartilage were manually
segmented by identifying weightbearing portions of the tibiofemoral
articular cartilage between the anterior and posterior horn of the
meniscus. Greater relaxation times in were interpreted as articular
cartilage consisting of lesser proteoglycan density and worse articular
cartilage composition. Two participants were identiﬁed as outliers (zscore serum concentration changes>3) and therefore, 24 participants
were included in the ﬁnal analysis. A k-means cluster analysis was
prespeciﬁed based on similar analyses utilized in previous studies; two
cluster groups were identiﬁed based on biomarker changes over time.
Serum biomarker concentration changes and demographics between
cluster groups were compared using independent t-tests. Tibiofemoral
T1rho relaxation times were compared between cluster groups controlling for sex, age, BMI, concomitant injury, and activity level using
analysis of covariance tests (ANCOVA). All covariates were included
because they previously demonstrated associations with knee OA
development. Alpha was set to 0.05 a priori.
Results: We identiﬁed two individual clusters consisting of one cluster
of participants demonstrating increases in MCP-1 and COMP and a
second cluster demonstrating decreases in MCP-1 and COMP (Figure 1).
Comparisons between cluster groups for changes in MMP-3 and
C2C:CPII were inconclusive. Additionally, demographic differences
between the cluster group with increases in MCP-1 and COMP (55%
female, age¼23.4±5.5 years, BMI¼24.9±2.3 kg/m2, 92% with concomitant meniscal or chondral injury, Marx Activity Level¼10±3.5)
compared to the cluster group with decreases in MCP-1 and COMP (38%
female, age¼21.1±2.6 years, BMI¼23.2±2.6 kg/m2, 85% with concomitant meniscal or chondral injury, Marx Activity Level¼8.6±5.4)
were inconclusive. Individuals with biochemical proﬁles characterized
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by increases in MCP-1 and COMP demonstrated greater lateral tibial
(adjusted mean difference¼3.9, DR2¼0.40, p<0.001) and femoral
(adjusted mean difference¼12.7, DR2¼0.18, p¼0.04) T1rho relaxation
times after controlling for all covariates. However, comparisons
between cluster groups for medial tibial condyle (adjusted mean difference¼1.11, DR2¼0.04, p<0.33) and femoral condyle (adjusted mean
difference¼1.85, DR2¼0.02, p<0.58) T1rho relaxation times were
inconclusive. Adjusted mean differences for predictor outcomes
including cluster group, sex, age, BMI, concomitant injury, and activity
level are reported in Table 1.
Conclusions: Individuals demonstrating increases in serum concentrations of inﬂammation and matrix degradation biomarkers preoperatively to 6-months post-ACLR exhibit lower in vivo T1rho MRI
estimates of lateral tibiofemoral articular cartilage proteoglycan density
at 12-months post-ACLR. Previous research has reported associations
between synovial biochemical biomarker proﬁles with greater sulfated
glycosaminoglycan preoperatively with medial femoral T1rho relaxation times 1 to 3 years post-ACLR. The current study demonstrates that
serum biomarker proﬁles are also sensitive to femoral T1rho relaxation
times, but in the lateral compartment at 1-year post-ACLR. The use of
serum biochemical proﬁles may be helpful for predicting individuals
who may be at higher risk for early articular cartilage compositional
changes linked to early PTOA development after ACLR.

Predictor

Lateral Tibia

p-value

Unstandardized b
(95% CI)
Cluster Group1
Age (years)
Sex2
BMI (kg/m2)
Concomitant Injury
or Procedure3
Marx Activity Scale

Lateral Femur

PRESENTATION NUMBER: 182
LONG-TERM REPEATABILITY OF CARTILAGE OLIGOMERIC MATRIX
PROTEIN KINETICS IN RESPONSE TO WALKING STRESS
S. Herger 1, 2, A.-M. Liphardt 3, C. Egloff 2, N. Corina 2, 4,
A. Mündermann 1, 2. 1 Dept. of BioMed. Engineering, Univ. of Basel, Basel,
Switzerland; 2 Dept. of Orthopaedics and Traumatology, Univ. Hosp.
Basel, Basel, Switzerland; 3 Dept. of Internal Med. 3 e Rheumatology
and Immunology, Friedrich-Alexander- Univ. Erlangen-Nuremberg (FAU),
Univ.sklinikum Erlangen, Erlangen, Germany; 4 Dept. of Spine Surgery,
Univ. Hosp. Basel, Basel, Switzerland
Purpose: The concentration of articular cartilage blood markers and
their load induced changes can serve as surrogate parameter for
investigating articular cartilage metabolism and may be useful for
detecting early changes in cartilage homeostasis and ultimately
predicting future structural change. One of these markers is serum
cartilage oligomeric matrix protein (sCOMP), a cartilage constituent
that is involved in collagen ﬁbril organization and may represent
cartilage turnover or degeneration. While the mechanosensitivity of
sCOMP has been studied extensively in recent years, it is unclear if
baseline concentrations and load induced changes in sCOMP in
response to different ambulatory loads are consistent over a period
of several months. The purpose of this study is to test the longterm repeatability of load induced changes in sCOMP and spatiotemporal gait parameters in walking stress tests with 80%, 100%
and 120% bodyweight (BW) in healthy individuals.
Methods: Data were recorded for the same subjects (n¼8) in
experiment 1 and 34 months later in experiment 2 with the same
test protocol. Inclusion criteria were: age range 20-30 years; no
previous knee injury or musculoskeletal or metabolic disease;
BMI<30kg/m2. In each experiment, blood samples of the healthy
volunteers (6 males, 2 female) were collected on three separate test
days before (t0), immediately after (t1) and 30 minutes after (t2) a
30-minute treadmill walking stress with one of three different
loading conditions. The order of loading conditions was randomized
to the three test days. The 80%BW condition was achieved using a
harness connected to a dynamic unloading system and the 120%BW
condition using an adjustable weight vest. Subject characteristics
and duration of experiment did not differ between experiment 1
and experiment 2 except age, which increased by the period
between experiments (Table 1).

p-value

Unstandardized b
(95% CI)

Medial Tibia

p-value

Unstandardized b
(95% CI)

Medial Femur

p-value

Unstandardized b
(95% CI)

3.88 (1.97 to 5.78)
0.15 (-0.06 to 0.37)
0.59 (-1.52 to 2.70)
0.07 (-0.34 to 0.48)
1.57 (-1.52 to 4.66)

0.001*
0.15
0.56
0.73
0.30

12.71 (0.41 to 23.81)
-0.11 (-1.42 to 1.21)
4.99 (-7.93 to 17.89)
2.48 (-0.03 to 5.00)
5.02 (-13.93 to 23.97)

0.04*
0.86
0.43
0.05
0.58

1.11 (-3.10 to 5.26)
0.21 (-0.27 to 0.68)
1.31 (-3.32 to 5.94)
-0.21 (-1.11 to 0.70)
4.71 (-2.09 to 11.50)

0.58
0.37
0.56
0.64
0.16

1.85 (-2.02 to 5.71)
0.13 (-0.30 to 0.57)
0.99 (-3.27 to 5.25)
-0.33 (-1.16 to 0.50)
4.78 (-1.47 to 11.04)

0.33
0.52
0.63
0.41
0.12

0.19 (-0.01 to 0.38)

0.07

0.73 (-0.49 to 1.95)

0.22

0.24 (-0.20 to 0.68)

0.26

0.30 (-0.11 to 0.70)

0.14

Bold indicates associations where p<0.05;
1
positive b indicates higher mean relaxation times for individuals in the cluster group with increases in inﬂammation and matrix degradation; 2 positive b indicates
higher mean relaxation times for females; 3 positive b indicates higher mean relaxation times for individuals with concomitant meniscal or chondral injury or pathology
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Parameter
Subject characteristics
Age [years]
BMI [kg/m2]
Measurement
parameter
Duration of
experiment [days]
CV of duplicates [%]

Exp. 1

Exp. 2

95 % CI: Exp. 1 Exp. 2

P-value

24.5 (2.4)
23.7 (2.6)

27.3 (2.4)
24.0 (2.0)

[-3.1; -2.5]
[-1.9; 1.2]

<0.001
0.614

14.1 (7.6)

13.4 (8.6)

[-8.0; 9.5]

0.846

2.8 (2.8)

3.5 (3.7)

[-1.8; 0.4]

0.212

conditions in experiment 2 values at t2 returned to baseline levels.
For the 100%BW and 120% conditions in experiment 1, values at t2
were still above baseline (median [interquartile range], 100%BW:
þ5.7 [1.2;11.4]%; P¼0.036; 120%BW: þ14.9 [5.1;23.0]%; P¼0.017).The
GLM for the relative increase in sCOMP from t0 to t1 revealed a signiﬁcant condition (P¼0.002) and experiment (P¼0.030) effect but no
signiﬁcant interaction between condition and experiment (P¼0.508).
The magnitude of relative increase in sCOMP from t0 to t1 for the
120%BW condition in experiment 2 was smaller than in experiment 1
(P¼0.036). In both experiments, subjects had a greater relative loadinduced increase in sCOMP at t1 for the 120%BW than for the 100%BW
condition (experiment 1: P¼0.012; experiment 2: P¼0.017). In both
experiments, we observed on average smaller but inconsistent differences between the 80% and the 100% conditions in relative loadinduced changes in sCOMP at t1 among subjects (Fig 1).Spatiotemporal gait parameters did not differ between the right and left
side. Therefore, results were presented for the left side only. Mean
cadence and step time did not differ between experiments 1 and 2,
but stance time in experiment 2 was 0.01s shorter than in experiment
1 (P¼0.022; Table 2).

SD - Standard deviation; Exp. - Experiment; CI - conﬁdence interval; BMI - body
mass index; CV - coefﬁcient of variation

Table 1

Mean (SD) of subject characteristics and measurement
parameters for experiment 1
and 2.

Parameter
sCOMP concentration
t0 absolute [ng/ml]
Spatiotemporal parameters
Walking Speed [m/s]
Cadence [steps/min]
Step time [s]
Stance time [s]
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Exp. 1

Exp. 2

95 % CI:
Exp. 1 - Exp. 2

P-value:
Exp. 1 - Exp. 2

509.63 (186.53)

503.21 (225.72)

[-50.90; 63.74]

0.819

1.28 (0.13)
109.78 (6.67)
0.55 (0.03)
0.70 (0.06)

1.36 (0.09)
111.03 (5.26)
0.54 (0.03)
0.69 (0.04)

[-0.17;
[-2.85;
[-0.00;
[-0.00;

0.074
0.119
0.151
0.022

0.01]
0.35]
0.02]
0.03]

Exp.- Experiment; CI - conﬁdence interval; sCOMP - serum cartilage oligomeric matrix protein

Table 2

Mean (SD) sCOMP concentration and spatiotemporal gait parameters for experiment 1 and 2.

sCOMP concentration was assessed in duplicates using commercial
enzyme-linked immunosorbent assay. Intra-assay variability was
estimated as coefﬁcient of variation, and mean values were used for
further analyses. Baseline (t0) sCOMP concentrations were compared
between experiments using paired sample t-test matched for subject
and condition. Intraclass correlation coefﬁcient (ICC) were used to
assess the agreement between sCOMP concentrations at baseline
between experiments. Relative differences in sCOMP concentrations
between conditions within each experiment and relative differences
in load induced changes in sCOMP increase from t0 to t1 between
experiments were detected using Wilcoxon signed rank tests. General
linear models (GLM) were used to estimate the effects of experiment,
condition and their interaction for relative sCOMP increase at t1.
Differences in spatiotemporal parameters between experiments were
analyzed using paired t-test matched for subject and condition. The
signiﬁcance level was set a priori to 0.05.
Results: Mean sCOMP concentration at baseline (t0) did not differ
between experiment 1 and 2 (Table 2). The ICC for sCOMP concentrations collected at t0 in experiments 1 and 2 was 0.799. In both
experiments sCOMP concentrations increased immediately after the
walking stress for all conditions (P<0.001). In both experiments,
sCOMP concentration decreased from t1 to t2 for all conditions
(P<0.001). For the 80%BW condition in experiment 1 and for all
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Conclusions: This study provides ﬁrst evidence that sCOMP concentration after 60 minutes of rest (t0) are reproducible in two experiments
separated by 34 months in young healthy adults. In experiment 2, the
median relative increase at t1 was generally lower in all conditions but
differed signiﬁcantly only for the 120%BW condition from values in
experiment 1. This observation is in line with the Results of the GLM
highlighting the independent effects of condition and experiment
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without an interaction between condition and experiment. Because this
effect was observed for all conditions, the observed marker kinetics
support the theory that load affects the immediate mechanoresponse of
sCOMP in the walking stress test.Differences in median relative sCOMP
increase after the walking stress between the 120%BW and 100%BW
condition in both experiments agree with our expectations. Smaller
median differences in load-induced changes in sCOMP in experiment 2
than in experiment 1 were surprising. Walking speed was self-selected
before each experiment and kept constant for all walking stress tests
within each experiment. Although not statistically signiﬁcant, the mean
self-selected walking speed was 0.08 m/s faster in experiment 2 than in
experiment 1 resulting in a small but signiﬁcant reduction in stance
time. We assume that such a subtle difference in stance time will not
alter the characteristics of the applied load during the walking stress.
Because the used load modiﬁcation framework enables us to systematically alter applied load without changing other load characteristics
and reproduces similar spatiotemporal gait parameter (cadence, step
time), this framework is suitable to study biomarker kinetics at repeated time points. The consistently greater mechanoresponse for the 120%
than the for the 100%BW condition further strengthens the value of
employing these conditions in future studies on in vivo mechanosensitivity of articular cartilage. The results shown here suggest that
applying additional load results in greater and more consistent effects
on the mechanoresponse of sCOMP than unloading conditions. In daily
life, healthy persons rarely apply partial weight bearing possibly
explaining inconsistent differences in the mechanoresponse of sCOMP
to this condition compared to normal body weight.Overall, we cannot
attribute the observed variability between experiments to any speciﬁc
factor. It remains unknown whether the observed differences in the
mechanoresponse of sCOMP to the walking stress between experiments
are caused by true changes in the participants’ physiology or metabolism. Future studies should address short-term repeatability of this
experimental framework and elucidate the effect of physical activity,
injury, age or other potential confounders on sCOMP kinetics after a
walking stress. Although we presented ﬁrst evidence for long-term
repeatability of load-induced changes in sCOMP concentration for different loading conditions, this study should be considered as pilot study
because it was limited to only eight subjects. Nonetheless, the data
presented here is critical for interpreting data on the mechanoresponse
of sCOMP to different loading regimes in a research and clinical context.
Acknowledgements: The authors thank Karin Wild, David Koch and
Michael H€
achler for their help in the experiments.
Funding: This project was funded in part by the Department of
Orthopaedics and Traumatology (University Hospital Basel, Switzerland) and the Swiss National Science Foundation, Switzerland
(#320030_184912). The funding sources were not involved in any
aspect of the study.
PRESENTATION NUMBER: 183
CHARACTERIZING THE EFFECT OF APPA ON TISSUE TURNOVER IN
CARTILAGE AND BONE TISSUE CULTURES
C.S. Thudium 1, A.-C. Bay-Jensen 1, T. Gantzel 2, M.H. Dziegiel 3,
N. Larkins 4, A. Reynolds 4. 1 Nordic BioSci. A/S, Herlev, Denmark;
2
Gentofte Univ. Hosp., Gentofte, Denmark; 3 RigsHosp.et, Copenhagen
Univ. Hosp., Copenhagen, Denmark; 4 AKL Res. and Dev. Limited,
Stevenage, United Kingdom
Purpose: Osteoarthritis is a debilitating disease characterized by
gradual deterioration of the structural components of the joint,
including cartilage and bone. Currently no disease modifying osteoarthritis drugs are available to halt or change the course of the disease.
APPA is being developed for the treatment of osteoarthritis (OA) and
other pain-related and inﬂammatory conditions. It consists of a combination of apocynin and its isomer paeonol. The objective of the study
was to investigate the effects of APPA on structural tissue turnover
assessed by quantifying biochemical markers of extra-cellular matrix
remodeling in an ex vivo model of human OA cartilage and an in vitro
model of human osteoclast differentiation and resorption.
Methods: Full depth human cartilage explants (HEX) were treated were
stimulated with 10 ng/ml oncostatin M and 20 ng/ml TNF-a (OþT) with
or without APPA in a 3-fold dose range from 6 mM to 0.22 mM three

times a week for three weeks. Metabolic activity assessed by alamar
blue was assessed weekly and at termination. The biomarker AGNx1
(aggrecanse mediated aggrecan degradation) was assessed by ELISA at
day 0, 7, 14, and 21. The MMP inhibitor GM6001 was used as inhibitor
control. Osteoclasts were generated from human CD14þ monocytes
isolated from buffy coats. Monocytes were stimulated 3 days with 25ng/
ml M-CSF followed by differentiation into mature osteoclasts by treatment with additional 25 ng/ml RANKL with or without APPA. APPA was
added in a 3-fold dose range from 6mM to 25mM three times a week for
11 days. Differentiation was assessed by measuring TRAP activity in the
media and TRAP stained cells were qualitatively assessed for number of
mature osteoclasts. Bone resorption was assessed in mature osteoclasts
by reseeding mature osteoclasts on bovine cortical bone after differentiation with M-CSF and RANKL. Osteoclasts were then treated for up
to 5 days in a setup similar to that of the differentiation setup. Osteoclast numbers were assessed by TRAP activity and staining, and bone
resorption was assessed by CTX-I on day 5 of bone resorption.
Results: In human explants OþT increased metabolic activity at day 7
and 14. The highest dose of APPA reduced metabolic activity compared
to both OþT and unstimulated explants, while a dose dependent but
non-signiﬁcant reduction was observed for the remaining doses, with
levels maintained above those of unstimulated explants. APPA signiﬁcantly and dose dependently reduced AGNx1 by approximately 5080% at day 7 in all doses except 0.22mM. A similar trend was observed
at day 14 although this only reached statistical signiﬁcance for the
6mM dose. In differentiating osteoclasts APPA signiﬁcantly reduced
metabolic activity at 6 and 2 mM after 11 days by 100% and 68%
respectively, while no effect was observed for the remaining doses.
TRAP activity was signiﬁcantly and dose dependently decreased by
approximately 20-50% with APPA in all but the 25mM dose, indicating
impaired osteoclastogenesis even at the lower doses. In mature
osteoclasts seeded on cortical bone, APPA reduced metabolic activity
at 6 and 2mM by 89% and 57%, respectively. APPA reduced TRAP
activity signiﬁcantly and dose dependently in all tested doses. The
reduction in TRAP activity was associated with a dose dependent
reduction in TRAP stained mature osteoclasts. Similarly, a dose
dependent reduction in CTX-I was observed for the 6mM (80%) %,
2mM (73%) and 0.67mM (46%) doses, while a dose dependent trend
was seen for the remaining doses.
Conclusions: APPA reduces inﬂammation derived tissue turnover in
human cartilage explants and inhibit RANKL mediated osteoclastogenesis and bone resorption by human osteoclasts. These ﬁndings
indicate that APPA modulates chondrocyte and osteoclast cellular
function and may inhibit pathological mechanism associated with joint
degradation in arthritic disease.
PRESENTATION NUMBER: 184
THE NC1 FRAGMENT OF TYPE X COLLAGEN MEASURED IN SERUM AS
A POTENTIAL BIOMARKER OF OSTEOARTHRITIS
Y. He, M. Karsdal, A. Bay-Jensen. Nordic BioSci., Herlev, Denmark
Purpose: The chondrocytes taking a terminal differentiation route of
hypertrophy, invasion of blood vessels from the subchondral bone,
apoptosis, and calciﬁcation of cartilage has been observed in experimental models of OA and human osteoarthritis (OA). Hypertrophy-like
changes in chondrocytes are recently believed to play a role in the
initiation and progression of cartilage degeneration. Type X collagen, a
well-known marker of hypertrophy chondrocytes, plays a role in facilitating and regulating endochondral ossiﬁcation of cartilage. We aimed
to develop an immunoassay that detects the released NC1 fragment of
type X collagen in the serum of healthy donors and OA patients.
Methods: A sandwich chemiluminescence immunoassay, designated
COL10NC, detecting the cleaved NC1 domain of type X collagen was
developed. A biotinylated antibody against a newly discovered cathepsin K-generated neoepitope 479GIATKG (one amino acid apart from the
well-known cleavage site 480IATKG generated by collagenase) was
employed as a capture. A horseradish peroxidase (HRP) labeled antibody to target the C-terminus of the NC1 domain was used as a detector.
The COL10NC assay was validated to assure the reliability of the
measurement. To characterize the biological relevance of the assay, 69
serum samples from normally growing infants and children from birth
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to 17years were used. The assay was further measured in healthy adult
serum samples (n¼20) and commercially available samples from OA
patients (n¼8).
Results: The COL10NC displays good technical performance. The intraplate variation is 3.1% and the inter-plate variation is 15.1%. The low
limit of quantiﬁcation (LLOQ) is 3.42 pM and the upper limit of quantiﬁcation is 55.6 pM. The minimum required dilution is 1þ1. The assay
has an acceptable matrix-matrix spike recovery and dilution-of-linearity recovery of range 80-120%. The COL10NC levels are stable at up to
four freeze-thaw cycles in serum samples. The COL10NC levels were
negatively associated with age, which corresponds with the growth of
long bones (endochondral ossiﬁcation process) is highest in young
infants and drops substantially after adolescence (Figure 1). Nineteen of
twenty healthy donors had levels of COL10NC under the detection limit.
The mean (95%CI) of COL10NC in the eight OA serum samples was 4.50
(3.65-6.34) pM.
Conclusions: There is an inverse correlation between COL10NC levels
and age in the normal growing infants and children. The COL10NC level
is elevated in the serum samples from OA patients compared to the
normal adult. Overall, the COL10NC has the potential to serve as a
biomarker of osteoarthritis.
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Network (Itasca, IL). All procedures were approved by both Rush University and MIT. Explants were treated with or without inﬂammatory
cytokines (100 ng/mL TNFa, 50 ng/mL IL-6, 250 ng/mL sIL-6R) and/or a
single compressive mechanical injury, and cultured in serum-free
DMEM with 1% ITS for 21 days. Cytokine and injuryþcytokine-treated
samples were incubated with or without 100 nM Dex. Medium changes
were carried out every three days and spent medium was collected and
stored at -20 C for analysis. Proteomics analyses using in-solution
trypsin digestion followed by LC/MS/MS (Q-ExactiveTM) were performed for medium samples at all time points for the identiﬁcation and
quantiﬁcation of released proteins using Proteome Discoverer 2.3
(Thermo). Statistical analysis was performed using Matlab (Mathworks)
and the R package limma. The amount of each protein released at each
timepoint was normalized to the total amount released, then averaged
across three biological replicates. These release vectors were clustered
based on correlation (Fig. 1A). Cluster enrichment for proteins with
increased or decreased release from control was determined by
selecting the number of proteins in each cluster from the total population and generating 10,000 bootstrapped distributions.

Fig. 1 A: Schematic of clustering method, data from collagen II

in control condition. B: Cluster of proteins from control with
peak release on day 3. C: Clusters of proteins from control with
peak release on day 12.

PRESENTATION NUMBER: 185
EFFECTS OF DISEASE AND DEXAMETHASONE ON HUMAN CARTILAGE
BREAKDOWN KINETICS
R.M. Black 1, Y. Wang 1, P. Lorenzo 2, S. Chubinskaya 3, A.J. Grodzinsky 1,
2 1
€
P. Onnerfjord
. Massachusetts Inst. of Technology, Cambridge, MA, USA;
2
Lund Univ., Lund, Sweden; 3 Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Recent progress in the ﬁeld of post-traumatic osteoarthritis
(PTOA) has suggested that low doses of steroid drugs such as dexamethasone (Dex) may be used in early post-injury interventions to
prevent disease progression. There are a number of potential molecular
biomarkers for patients at risk of PTOA that have been identiﬁed in
synovial ﬂuid aspirates from joint-injured patients, but it is critical to
understand the kinetics of cartilage matrix breakdown to identify the
windows of time at which such biomarkers might be released. Proteomics is a powerful tool that can be applied to explore the proteome
throughout a time course of matrix breakdown, as well as to understand the effects of Dex on the processes affecting cartilage catabolism.
In this study, we use an ex vivo explant model of human PTOA to model
disease progression with or without Dex treatment and characterize the
kinetics of the cartilage release proteome.
Methods: Human cartilage explants (3 mm x 1 mm) were harvested
from the tibial plateau (Collins Grade 1) of a 74-year old male donor
obtained postmortem through the Gift of Hope Organ and Tissue Donor

Results: Spent media was ﬁltered for proteins identiﬁed in at least 70%
of samples, with missing values imputed via the k-nearest neighbor
method (k¼5), resulting in 416 proteins for analysis. The media proteomes were then clustered based on the fraction of total protein
release per day. In the untreated controls, the three major clusters were
a cluster with peak release at the ﬁrst timepoint followed by a
decreasing release (Fig. 1B), which contained nearly all the identiﬁed
matrix proteins, and two additional clusters with an increased release
at day 12 (Fig. 1C), which had many intracellular proteins, assumed to be
markers of a low level of cell death two weeks into culture. For both the
cytokine (Fig. 2A,i) and injuryþcytokine (Fig. 2B,i) treated conditions, a
large cluster was present with peak release at day 3. These clusters both
were enriched for matrix proteins with decreased release versus control, such as collagens VI, IX, and XI. The cytokine-treated samples had
two clusters enriched for intracellular proteins on day 12 (Fig. 2A,ii-iii)
not present with the addition of mechanical injury. The increased
release of proteases and matrix proteins, including aggrecan, metalloproteinases, and collagen I, was apparent in a cluster with a day 12-18
peak (Fig. 2A,iv), and in two clusters that had an earlier release for
injuryþcytokines (Fig. 2B,ii-iii). Both models of disease had late release
of cathespins and immune proteins peaking at day 18 (Fig. 2A,v-vi and
Fig. 2B,iv), with no change in the total release of these proteins versus
control. There were many proteins that freely diffused from cartilage
(Fig. 1B) under control conditions but experienced peak release at a later
time in the two disease conditions, and the addition of Dex to both
disease models restored most of these proteins to the same behavior as
in control (Fig. 3A,i and Fig. 3B,i), with the notable exceptions of many
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proteases, some collagens, and immune factors. Both Dex treatment
regimens caused a group of proteins including MMPs to experience
peak release on day 12 or day 8 (Fig. 3A,ii and Fig. 3B,ii), and that had
increased release versus control. These proteins had decreased fold
change total release from their non-Dex treated counterparts. The Dextreated conditions had clusters of proteins with peak release on day 18
that were highly enriched for immune proteins, proteases, and protease
inhibitors with increased release versus control (Fig. 3A,iv and
Fig. 3B,iii-v).

Fig. 3 Clusters with more than 15 proteins for cytokineþDex (A)

and injuryþcytokineþDex (B) treatment conditions. Grey: no
change in total amount released from control. Red: increased
total release from control. Blue: decreased total release from
control.

Fig. 2 Clusters with more than 15 proteins for cytokine (A) and

injuryþcytokine (B) treatment conditions. Grey: no change in
total amount released from control. Red: increased total
release from control. Blue: decreased total release from
control.

Conclusions: Our analysis identiﬁed the presence of distinct clusters of
proteins based on the kinetics of their release over three weeks of
culture. In both models of PTOA progression, our data suggest that many
biomarkers for cartilage matrix breakdown are released at their peak
nine to ﬁfteen days after the initial injury. Notably, the addition of a
single mechanical impact injury caused matrix breakdown to begin
several days sooner than cytokines alone. This approach allows us to not
only observe changes in matrix breakdown, but also effects on the
immune response of cartilage: in all treatment conditions except control, there was a late peak in the release of complement factors. Dex did
not restore the kinetics of cartilage matrix breakdown entirely to control behavior and had a signiﬁcant effect on the release of immune
factors late into the experiment. This highlights the need to better
understand the effect of Dex not only on the matrix constituents, but
other pathways involved in cartilage homeostasis. The authors
acknowledge Gift of Hope Organ & Tissue Donor Network (Itasca, IL),
Rush Klaus Kuettner Endowed Chair (SC), donors' families, and NIH/
NCATS grant UH3TR002186.
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PRESENTATION NUMBER: 186
A NOVEL PAR2 CHEMILUMINESCENCE
BIOMARKER FOR ARTHRITIC DISEASES

IMMUNOASSAY

AS

A

S. Kalogera, Y. He, A.C. Bay-Jensen, M.A. Karsdal, C.S. Thudium. Nordic
BioSci., Herlev, Denmark
Purpose: Arthritis is a heterogeneous group of joint diseases, with the
most common to be osteoarthritis (OA) and rheumatoid arthritis (RA).
Increasing evidence has shown that protease-activated receptor 2
(PAR2) is involved in many pathophysiological characteristics of these
diseases, like inﬂammatory responses, synovial hyperplasia, cartilage
destruction, osteophyogenesis and pain sensitization. PAR2 is a G-protein transmembrane coupled receptor expressed in different parts of
the joint, like the synovial lining, bone and cartilage. It is activated via
cleavage of its N-terminus by serine proteases (e.g., tryptase), unveiling
an N-terminus tethered ligand which binds to the receptor and leads to
its activation. The aim of this study was to develop a novel blood-based
biomarker measuring PAR2 activation fragment levels and investigate
the association of PAR2 fragments with disease.
Methods: A monoclonal antibody against the neo-epitope generated
when PAR2 is cleaved and then activated, was produced. More specifically, an enzyme-linked chemiluminescence immunoassay was
developed targeting the C-terminal sequence of the fragment that is
released after cleavage of the N-terminal of the total protein. For optimal assay performance different buffers, peptide and antibody concentrations, incubations times and temperatures were tested. Brieﬂy,
the assay protocol was described as follows: coater peptide was added
to streptavidin pre-coated plates and was incubated at 20oC for 30min.
Next, after washing the plates, standards, controls, samples and HRPlabeled antibody are added and incubated at 4oC overnight. Chemiluminescence substrate was added on the plates, and signal was
detected on the reader after 3-minute incubation with the substrate.
Assay parameters including antibody speciﬁcity, intra- and inter-assay
variation (CV%) and linearity were evaluated. The selectivity of the
antibody towards the epitope sequence was examined by testing
reactivity with an elongated and a truncated peptide. speciﬁcity of the
assay was investigated by in vitro cleavage of the human full-length
recombinant PAR2 protein by matriptase was performed. Biological
validation of the assay was investigated in serum of 22 young healthy
human donors and compared with that of 23 OA patients and 15 RA
patients.
Results: The speciﬁcity of the antibody was conﬁrmed by showing
absence of reactivity in the assay with the elongated and truncated
peptides (Figure 1). Inter-intra assay variation was determined less than
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15% (6.39% and 5.82% accordingly) and the linearity of the assay was
acceptable for both serum and plasma. Cleavage of recombinant PAR2
with matriptase showed increased PAR2 pro-fragment levels compared
to non-cleaved control. In serum, PAR2 was signiﬁcantly higher in RA
patients but not OA, compared to healthy controls (Figure 2).
Conclusions: The PAR2 assay showed high sensitivity and speciﬁcity
and good technical performance. PAR2 levels were increased in patients
with RA compared to healthy donors, while only a numeric but nonstatistical difference was observed for OA patients. These data indicate
that PAR2 may be a potential biomarker in rheumatic diseases.
PRESENTATION NUMBER: 187
CHANGES IN SMALL NON-CODING RNA EXPRESSION IN SYNOVIAL
FLUID DURING DISEASE PROGRESSION IN AN EQUINE MODEL OF
EXPERIMENTAL OSTEOARTHRITIS
M. Walters 1, K. Skovgaard 2, P. Heegaard 2, M. Peffers 3, Y. Fang 3,
L. Bundgaard 1, L. Skovgaard 4, S. Jacobsen 1. 1 Univ. of Copenhagen,
Taastrup, Denmark; 2 Technical Univ. of Denmark, Kgs. Lyngby,
Denmark; 3 Univ. of Liverpool, Liverpool, United Kingdom; 4 Univ. of
Copenhagen, Copenhagen, Denmark
Purpose: Osteoarthritis (OA) is a disease affecting all joint tissues. The
ability to identify OA early, prevent the initial cartilage breakdown and
stimulate repair would provide an effective strategy for both its prevention and treatment. Synovial ﬂuid (SF) represents a potential source
of disease-speciﬁc small non-coding RNAs (sncRNAs) that could be used
as biomarkers and aid in the understanding of the pathogenesis of OA.
SncRNAs are short, typically less than 200 base pairs (bp), RNA species,
which are not translated into protein but have other structural or regulatory roles. MicroRNAs (miRs) are one class of sncRNAs. They serve as
post-transcriptional regulators of gene expression in cells and body
ﬂuids and have been ascribed a role in OA. However, the temporal
changes in SF of miRs and other sncRNAs in OA disease progression are
not well described. Therefore this study characterized sncRNAs
expression in SF from horses with experimentally induced OA during a
70-day study period using small RNA sequencing and quantitative PCR.
We hypothesized that expression of miRs and other sncRNAs would
change as OA progressed.
Methods: Using a well-described carpal osteochondral fragment model,
OA was induced by an arthroscopic procedure in the left middle carpal
joint of nine horses. SF samples were obtained from the joint before (day
0) and 14, 17, 21, 28, 35, 42, 49, 56, 63 and 70 days after surgery. To
identify sncRNAs, RNA was extracted from SF samples (day 0, 28 and 70,
horse 2-9) using the miRNeasy Serum/plasma advanced kit (Qiagen) and
subjected to small RNA sequencing. Pooled libraries were sequenced on
an Illumina HiSeq4000 platform with version 1 chemistry to generate 2 x
150 bp paired-end reads. Reads were aligned to the horse reference
(release 90, Ensemble), using Tophat. Differently expressed (DE) gene
analysis was performed in R using DESeq2 (day 0-28, 0-70 28-70);
sncRNAs with with P<0.05, ± 2 log2 fold change and at least 5 reads in at
least one of the time intervals were selected for further work. Potential
biological associations of the differentially expressed miRs were identiﬁed using Ingenuity Pathway Analysis (Qiagen). Selected miRs were
validated and temporal expression mapped in SF samples from all
sampling points (horse 1-9) using microﬂuidic high-throughput quantitative real time PCR (qPCR) (Fluidigm® BioMark™).
Results: Small RNA sequencing identiﬁed expression of 235 small
nucleolar (sno) RNAs, 79 small nuclear (sn) RNAs, 2927, 428 transfer (t)
RNAs and 295 miRs in equine SF. The following DE analysis revealed 46
snoRNAs of which ﬁve were novel, two snRNAs, 26 tRNA and 61 miRs.
Microﬂuidic qPCR data was able to identify 20 of the 61 miRs (let 7c, let
7d-5p, let 7e, let 7f, miR-23a, miR-27b, miR-30d, miR-98, miR-101, miR125a-3p, miR-139-5p, miR-148b-5p, miR-151-5p, miR-155-5p, miR196b-5p, miR-199b-3p, miR-200a, miR-409-3p, miR-499-5p, miR1839). Through visual inspection of heat maps, expression of 10 miRs
were found to be up regulated. Five miRs appeared to be upregulated in
the early stages (day 14-35) of disease development, and four miRs
appeared to be upregulated in the late OA stages (day 42-70). One miR
was expressed predominantly from day 28-42. Pathway analysis of the
61 DE miRs identiﬁed the most substantial biological functions with
signiﬁcant activation Z-scores as apoptosis (p¼1.31E-6; z¼-1.6) and
necrosis (p¼0.006; z¼-1.8), both predicted to be inhibited, as well as
cell proliferation (p¼1.5E-11; z¼2.1) and cell invasion (p¼3.8E-8;
z¼1.5), both predicted to be increased. Additionally, 16 miRs were
associated with ﬁbrosis (p¼1.4E-13).
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Conclusions: We demonstrated that expression of many types of SFderived sncRNAs changed as disease developed in an equine model of
OA. Several of the identiﬁed sncRNAs were novel, and the DE analysis
revealed ﬁve novel snoRNAs. Pathway analysis of the differentially
expressed miRs enabled us to identify centrally involved pathways. The
most signiﬁcant biological functions identiﬁed were inhibited apoptosis
and necrosis and increased cell proliferation and cell invasion. This
suggests that the identiﬁed SF-derived miRs were associated with
repair mechanisms or counteract cell and tissue degradation. Further
mechanistic studies are needed to understand the speciﬁc roles of the
DE miRs in the pathogenesis of OA. In the future, SF-derived miRs and
other sncRNAs could become useful in the search for novel diagnostic
biomarkers and/or provide novel therapeutic targets for intervention in
OA.
PRESENTATION NUMBER: 188
CIRCULATING MIR-34 IS ASSOCIATED WITH THE DEVELOPMENT OF
KNEE OSTEOARTHRITIS IN COMMUNITY-DWELLING OLDER MEN

Variables
Cases
Sex (male/female)
Age (years, mean ± SD)
BMI (kg/m2, mean ± SD)
Smoking (never/ever/current)
Alcohol consumption (never/ever/current)
Initial minimum joint space width (mm, mean ± SD)

245
110/125
62.8 ± 9.77
22.8 ± 3.09
124/74/37
133/8/93
5.21 ± 0.28

BMI Body Mass Index, SD Standard Deviation

Table 1

Participants background.

Osteoarthritis
andCartilage

Y. Takegami 1, T. Seki 1, S. Ishizuka 1, K. Suzuki 2, R. Fujii 2, Y. Hasegawa 3,
S. Imagama 1. 1 Nagoya Univ. Graduate Sch. of Med., Nagoya, Japan;
2
Fujita Hlth.Univ. Sch. of Med. Sci., Toyoake, Japan; 3 Kansai Univ. of
Welfare Sci., Osaka, Japan
Purpose: MicroRNAs (miRNAs) are involved in various biological processes, including cell apoptosis, differentiation, development, proliferation, and metabolism. MicroRNA-34 (miR-34) is essential as a
tumor suppressor gene in downregulating its target genes via SIRT/p53
signaling pathway. MiR-34 is also involved in p53-induced cell cycle
arrest, cell senescence, apoptosis, and other biological behaviors. In a
previous study, silencing miR-34 by intra-articular injection of lentivirus may attenuate disease progression in a rat model of OA. In this
study, we investigated the association between the expression level of
the circulating miRNA-34 with the development of knee osteoarthritis
(KOA) in community-dwelling people.
Methods: This population-based study was conducted on residents
over 39 years of age in Yakumo town, a rural area of southern Hokkaido,
Japan. (Yakumo Study) Since 1982, a check-up comprised of voluntary
orthopedic and physical function examinations, internal medical
examinations, and psychological tests have been conducted every
August. Of 330 participants who underwent knee radiography and
blood sampling as part of health screening programs in 2012 at baseline, 235 participants underwent follow-up knee radiographs from 2015
to 2018. A senior orthopedic physician graded the plain knee radiographs using the Kellgren-Lawrence (KL) grading system, and the knees
with KL grades two were considered having KOA. We excluded the
subjects who had KOA initial check-up in 2012. We deﬁned the development of KOA advancing from KL grade 0/1 at the initial check-up to
grade 2. Fasting serum samples were obtained from all participants in
2012, and sera were separated from blood cells within 1 hour by centrifugation. Quantitative real-time PCR (qRT-PCR) was performed as
previously reported. Relative expressions of miR-34 were calculated
using the comparative cycle threshold (CT) method (2-DDCT). We used
synthesized C. elegans miR-39 (cel- miR-39) levels as an external validation to conﬁrm either the extraction of RNA or the efﬁcacy of the
cDNA synthesis. For statistical analysis, the participants were stratiﬁed
according to sex. The expression level of circulating miRNAs was logarithmically transformed into a normal distribution in our analyses. We
performed a logistic regression analysis to assess the relationship
between the development of OA and miR-34 following models, Model
(1) unadjusted estimate, Model (2) adjusted with age, body mass index
(BMI). Then, the threshold value for the level of miR-34 indicative of the
development of KOA risk was determined using receiver operating
characteristics (ROC) analysis. A P-value < 0.05 was considered to
indicate statistical signiﬁcance.
Results: After exclusion, 235 participants (110 men, 125 women) were
included in this study. (Table1). After adjusted with age, sex, and BMI,
logistic regression analysis (Model (2)) showed that the initial expression level of miR-34 was a signiﬁcant explanatory factor for the
development of KOA in men. (odd ratio 21.8 (95% conﬁdent intervals:
1.41, 336; P¼0.027)). The ROC curve represented by the miR-34 for the
development of KOA risk had an area under the curve of 0.843 (95%
conﬁdence interval: 0.643-1). (Figure 1). The threshold of miR-34 was
-3.9 (sensitivity: 0.95 and speciﬁcity 0.71, respectively). In contrast,
there is no statistical relationship between the development of KOA and
the expression level of miR-34.

PRESENTATION NUMBER: 189
TRABECULAR SUBCHONDRAL BONE ANALYSIS OF THE DISTAL
RADIUS AT ULTRA-HIGH FIELD (7T) MRI: COMPARISON WITH 3T
MRI AND RADIOGRAPHY
M. Jarraya 1, R. Heiss 2, J. Duryea 3, A.N. Nagel 2, 4, J.A. Lynch 5,
A. Guermazi 6, 7, M.-A. Weber 8, A. Arkudas 9, R.E. Horch 9, M. Uder 2,
F.W. Roemer 2, 6. 1 Dept. of Radiology, Massachusetts Gen. Hosp., Boston,
MA, USA; 2 Dept. of Radiology, Friedrich Alexander Univ. ErlangenNürnberg (FAU) & Univ.sklinikum Erlangen, Erlangen, Germany; 3 Dept.
of Radiology, Brigham and Women’s Hosp., Harvard Univ., Boston, MA,
USA; 4 Med. Physics in Radiology, German Cancer Res. Ctr. (DKFZ),
Heidelberg, Germany; 5 Dept. of Epidemiology and Biostatistics, Univ. of
California San Francisco (UCSF), San Francisco, CA, USA; 6 Dept. of
Radiology, Boston Univ. Sch. of Med., Boston, MA, USA; 7 Dept. of
Radiology, Boston Veteran Affairs Hlth.care System, West Roxbury, MA,
USA; 8 Inst. of Diagnostic and Interventional Radiology, Pediatric
Radiology and Neuroradiology, Univ. Med. Ctr. Rostock, Rostock,
Germany; 9 Dept. of Plastic and Hand Surgery, Friedrich Alexander Univ.
Erlangen-Nürnberg (FAU) & Univ.sklinikum Erlangen, Erlangen, Germany
Purpose: Bone fractal signature analysis (FSA) is a tool assessing
structural changes that may relate to clinical outcomes and function.
Bone structural changes play a role in onset and progression of several
musculoskeletal diseases, and FSA has been applied to different anatomic body regions. However, its applicability in a routine clinical
environment has not been extensively explored. Our aim was to eval-
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uate and compare bone texture analysis of the distal radius in patients
and controls using radiography, 3 Tesla (T) and 7T magnetic resonance
imaging (MRI).
Methods: 50 participants were included and divided into a patient
group (n¼25) and a volunteer group (n¼25). All participants had 3T and
7T MRI including a similar T1-weighted turbo spin echo (TSE) sequence.
The 7T MRI examination included an additional high resolution (HR) T1
TSE sequence. In addition, radiographs of the wrist were acquired for
the patient group. Regions of interest (ROI) were placed in the distal
radius (ﬁgure 1). Horizontal and vertical fractal dimensions (FD) of
cancellous bone were compared between the patient and volunteer
groups for 3T and 7T acquisitions, and between radiography and T1 TSE
MRI sequences using different resolution mode (low, medium, high).
Results: When comparing patients and volunteers, we found a statistically signiﬁcant difference of horizontal and vertical FDs using 7T T1
TSE-HR images in low resolution mode (horizontal 3.188 vs. 3.047,
p¼0.04, vertical 2.978 vs. 3.121, p¼0.01). When comparing radiography
to the different MRI sequences we found a statistically signiﬁcant difference for low-resolution horizontal FDs between radiography and 3T
T1 TSE (3.004 vs. 3.139, p¼0.03) and 7T T1 TSE-HR (3.201 vs. 3.004).
Similar results were seen in the high-resolution mode. Vertical FDs
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were signiﬁcantly different only between radiographs and 3T T1 TSE in
the high resolution mode (2.790 vs. 2.837, p¼0.0005) (ﬁgure 2).
Conclusions: FSA measures obtained from 3T and 7T MRI appear to be
highly dependent on sequence and reconstruction resolution used and
thus, are not easily comparable between MRI systems and applied
sequences.
PRESENTATION NUMBER: 190
EFFECTS OF DIETARY WEIGHT LOSS WITH AND WITHOUT EXERCISE
ON FIBROSIS BIOMARKERS IN ADULTS WITH KNEE OSTEOARTHRITIS
A.-C. Bay-Jensen 1, R. Loeser 2, P. Frederiksen 1, D. Beaver 3,
M.A. Karsdal 1, B.J. Nicklas 3, A.A. Guermazi 4, D. Hunter 5, S. Messier 3.
1
Nordic BioSci. A/S, Herlev, Denmark; 2 UNC School of Medicine, Chapel
Hill, NC, USA; 3 Wake Forest Sch. of Med., Winston-Salem, NC, USA;
4
Boston Univ. Sch. of Med., Boston, MA, USA; 5 The Univ. of Sydney,
Sydney, Australia
Purpose: Metabolic status and ﬁbrosis may play an important role in
the progression of OA. The IDEA study was designed to investigate the
effect of dietary induced weight loss, with or without exercise, on knee
pain and joint loading. PRO-C3 is a measure of type III collagen formation and has been associated with ﬁbrosis in non-alcoholic liver
ﬁbrosis NASH, where it is prognostic for ﬁbrosis stage and acts as a
pharmacodynamic marker in response to anti-ﬁbrotic treatment. PROC6 is a measure of type VIa3 collagen and a surrogate measure of
endotrophin - a ﬁbrosis stimulating hormone. Previous studies have
shown that diet, independent of exercise, has a signiﬁcant lowering
effect on the level of the tissue degradation markers C1M and C3M,
which are largely driven by inﬂammation. Here we investigated
whether similar effects are observed on ﬁbrosis and ﬁbroblast activation. The objective was to examine the effects of dietary weight loss,
with and without exercise, on the soluble ﬁbrosis markers of ﬁbroblast
activity, formation of type III and VI collagen (PRO-C3 and PRO-C6) in
overweight and obese subjects with symptomatic knee osteoarthritis
(OA).
Methods: Blood samples were analyzed from 429 participants in the
Intensive Diet and Exercise for Arthritis (IDEA) trial randomized to
either an 18 month exercise control group (E), weight loss diet (D), or D
þ E. PRO-C3 and PRO-C6 biomarkers were quantiﬁed using ELISAs.
Radiographic progression was deﬁned as a decrease in joint space width
of 1.05 mm. Statistical modeling of group means, used linear mixed
models adjusted for visit, baseline body mass index (BMI), gender, and
baseline values of the outcome.
Results: Compared to the E control group, PRO-C3 was signiﬁcantly
lower in the D þ E group at 6 months (estimated marginal means difference (EMD) [SE] -8.7% [4.3%], p¼0.042, Fig. 1A), but not at 18 months,
and D group at 18 months (EMD -3.3% [4.4%], p¼0.034, Fig. 1A). PRO-C6
decreased in all three groups at 6 and 18 months compared to baseline
(Fig. 1B). PRO-C3 levels were signiﬁcantly lower in the radiographic
non-progressor group compared to the progressor group at month 6
(EMD -11% [5.1%], p¼0.027 Fig. 2A), but not at month 18. There was no
difference in PRO-C6 levels at month 6 or 18 (Fig. 2B). None of markers
were associated with change in Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain.
Conclusions: Overweight and obese adults with knee OA randomized
to diet and/or diet plus exercise, reduced serum markers of ﬁbrosis.
Interestingly, PRO-C3 like the inﬂammation driven markers C1M and
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0.01), WC (r¼0.38, p < 0.01), hypertension (r¼0.35, p¼0.01), hyperuricemia (r¼0.322, p¼0.01), TG (r¼0.32, p¼0.02), insulin (r¼0.62, p <
0.01).
Conclusions: patients with OA have a high incidence of MetS. It has
been demonstrated that MetS has a more severe clinical course of OA.
Leptin is an aggravating predictor of not only MetS-associated diseases
such as hypertension, obesity, dyslipidemia, and insulin resistance, but
also OA. Thus, higher values of leptin were noted in more advanced
radiographic stage of OA, and synovitis were more frequently found
elevated values of CRP. In this regard, therapeutic interventions of the
metabolic phenotype of OA should also be aimed at reducing the level of
leptin, which may slow down the progression of the disease.

C3M, was reduced in response to diet, but only maintained at 18 months
in the diet plus exercise group. In contrast, PRO-C6 was reduced in all
groups throughout the study.
PRESENTATION NUMBER: 191
THE ROLE OF LEPTIN IN THE METABOLIC PHENOTYPE OF
OSTEOARTHRITIS
E. Strebkova 1, L. Alekseeva 1, 2, E. Taskina 1, N. Kashevarova 1, S. Anikin 1,
E. Sharapova 1, K. Telyshev 1, F. Bibulatova 1, A. Lila 1, 2. 1 VA Nasonova Res.
Inst. of Rheumatology, Moscow, Russian Federation; 2 Russian Med.
Academy of Continuous Professional Ed., Moscow, Russian Federation
Purpose: to evaluate the relationship of leptin with clinical manifestations of osteoarthritis (OA) and various components of metabolic
syndrome (MetS).
Methods: the prospective study included 125 women (40-75 y.o) with
Kellgren-Lawrence stage II-III knee OA (ACR). The average age of
patients was 54.2 ± 7.6 y.o. (36 - 75), the disease duration was 8 (4 - 12)
years. Average body mass index (BMI) values corresponded to obesity
(30.9 ± 5.4 kg / m2), waist circumference (WC) was 94.4 ± 11.7 cm and
hip circumference was 111.3 ± 10.4 cm. An individual map was ﬁlled out
for each patient, including anthropometric indicators, anamnesis and
clinical examination data, assessment of knee pain by VAS, WOMAC,
comorbidities and therapy during the follow-up period. All patients
underwent standard radiography of the knee joints, ultrasound and MRI
of the knee joints (WORMS), laboratory examination (general clinical,
biochemical blood tests, CRP), and leptin levels were determined in the
blood serum.
Results: MetS is diagnosed in 60% of patients. The patients were divided
into 2 groups, according to the presence or absence of MetS. MetS
according to the International Diabetes Federation: central obesity (WC
 94cm in men and  80cm in women) plus two or more of the following four factors: 1) raised concentration of triglycerides (TG): 150
mg/dl (1.7 mmol/l) or speciﬁc treatment for this lipid abnormality; 2)
reduced concentration of HDL cholesterol: < 40 mg/dl (1.03 mmol/l) in
men and < 50 mg/dl (1.29 mmol/l) in women or speciﬁc treatment for
this lipid abnormality; 3) raised blood pressure: systolic blood pressure
130 mmHg or diastolic blood pressure 85 mmHg or treatment of
previously diagnosed hypertension; and 4) raised fasting plasma glucose concentration 100 mg/dl (5.6 mmol/l) or previously diagnosed
type 2 diabetes. In MetS, a more severe clinical course of knee joint OA
was noted: the total WOMAC, pain and functional failure of the joint
were higher according to WOMAC; synovitis and pronounced cartilage
defects and bone marrow edema (according to WORMS) were more
often detected. Patients of both groups were comparable in age and
duration of OA (table 1). X-ray examination revealed signiﬁcantly larger
sizes of osteophytes (p ¼ 0.01) in patients with MetS. The laboratory
examination revealed higher concentrations of COMP, insulin, cholesterol, and TG in patients with MetS (table 1). Patients with MetS and OA
had higher leptin values (p¼0.008) than patients without MetS.
Spearman correlation analysis showed that leptin is related to the x-ray
stage of knee OA (r¼0.36, p¼0.02), the size of medial osteophytes in the
femur (mm) (r¼0.36, p¼0.03), synovitis (r¼0.39, p < 0.01), the size of
the synovial membrane detected by ultrasound (r¼0.41, p < 0.01),
hsCRP (r¼0.53, p < 0.01) (ﬁgure 1), the presence of varus deformity of
the knee joints (R¼0.5, p < 0.01). There was also a signiﬁcant positive
relationship with the following MetS components: weight (r¼0.56, p <

Parameter

Patients with OA
and MetS

Patients with OA
and without MetS

p

Age, Me
Duration ОА,
years, Me
BMI, kg/cm2
CRP, mg/ml Me
Leptin, ng/ml, Me
COMP, ng/ml, Me
Insulin, miu/ml, Me
Cholesterol,
mmol/l, Me
TG, mmol/l, Me

61 (58-67)
8 (3-15)

61 (54-66,5)
7 (4-11)

0,72
0,47

29,5 ± 5,8
1,4 (0,75-2,53)
24,7 (15,1-32,1)
20,3 (18,6-30,4)
6,11 (4,49-8,59)
5,7 (4,77-6,3)

0,03
0,007
0,008
0,001
0,04
0,04

1,245 (1,08-1,48)

0,009

Table 1

32,1
2,88
33,9
30,4
8,23
6,39

± 5,2
(1,6-5,1)
(25,5-48,2)
(23,5-43,6)
(7,29-10,68)
(5,39-6,84)

1,71 (1,24-2,44)

Comparative characteristics of patients with OA
who had and did not have
MetS
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PRESENTATION NUMBER: 192
SPECIFIC MITO-NUCLEAR GENETIC INTERACTIONS AND MT16519C
VARIANT PREDICT THE RISK OF RAPIDLY PROGRESSIVE
OSTEOARTHRITIS OF THE KNEE. DATA FROM THE OSTEOARTHRITIS
INITIATIVE
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~ a (INIBIC), Complexo Hosp.ario Univ.rio de A Corun
~ a (CHUAC),
Corun
~ a (UDC), As Xubias, 15006, A Corun
~ a, Spain;
Sergas. Univ.e da Corun
3
n. Inst. de Investigacio
n Biom
Unidad de apoyo a la Investigacio
edica de
~ a (INIBIC), Complexo Hosp.ario Univ.rio de A Corun
~ a (CHUAC),
A Corun
~ a (UDC), As Xubias, 15006, A Corun
~ a, Spain
Sergas. Univ.e da Corun
Purpose: There is a pressing need to identify patients that experience
the rapid progressive phenotype of Osteoarthritis (RPOA) to include
them in clinical trials and to implement prevention strategies. During
the last years, nuclear single nucleotide polymorphisms (nSNPs) and
mitochondrial DNA (mtDNA) haplogroups have been associated with
both susceptibility and incidence/progression of the disease. Preliminary analyses by our group showed the nSNP rs12107036 of TP63 as a
potential risk factor for RPOA of the knee. Our aim here is to explore the
inﬂuence of the mitochondrial genome on the risk of RPOA in two ways:
i) to analyze the inﬂuence of the interactions between mtDNA haplogroups and the nSNP rs12107036, and ii) to discover novel mitochondrial genetic variants using Next Generation Sequencing (NGS)
techniques.
Methods: A total of 1102 Caucasian subjects from the Osteoarthritis
Initiative (OAI) were assigned into two groups based on the following
progression criteria: i) Rapid progressors (N¼255), including subjects
with baseline KL grade 0 or 1 in at least one knee, and increase up to
KL 3 during 48-month follow-up; or baseline KL grade 2 in at least one
knee and increase up to KL grade 4 during the follow-up period. ii) Nonrapid progressors (N¼847), including all those subjects with the same
baseline characteristics as rapid progressors, but with a slower evolution over time. Both mtDNA haplogroups and nSNP rs12107036 were
previously assigned using mini-sequencing techniques. Potential
mtDNA variants were screened by in-depth sequencing of mtDNA using
NGS techniques, and selected after applying ﬁlters related to minor
allele frequency (MAF) 0,5 and false discovery rate (FDR) correction.
Statistical analyses included preliminary chi-square tests followed by
generalized estimating equations to estimate population-averaged
effects of covariates of interest on the changes in the response, using a
logit link function for a binary outcome (rapid vs non-rapid). The
additive interaction between mtDNA clusters and nSNP rs12107036 was
evaluated by the relative excess risk due to interaction (RERI), attributable proportion (AP) and synergy index (S). Confounder variables of
gender, age, body mass index (BMI), contralateral knee OA, previous
injury in target knee and WOMAC pain were taken into account. All the
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analyses were performed using SPSS Statistics v24 and epi.R package
included in R software v3.6.3.
Results: Regarding mito-nuclear genetic interactions, chi-square analyses showed that the effect of the risk allele G of rs12107036 was
stronger when co-occurs in subjects carrying the mtDNA haplogroups
of the mtDNA cluster KU (OR 2,013; p¼0,001 vs OR 1,221; p¼0,049)
(table 1). An excess of 69,9% of the relative risk due to the interaction
between nSNP rs12107036 and mtDNA cluster was detected
(RERI¼0,699), indicating that 47,2% (AP¼0,472) of the risk is attributable to this interaction. This means that the risk of developing RPOA
phenotype in subjects harboring both the allele G and the mtDNA
cluster KU is 4,7 times greater than the risk in those participants
exposed to a single factor. The in-depth sequencing of the entire mtDNA
molecule showed the mitochondrial D-loop variant mt16519C signiﬁcantly overrepresented in the rapid-progressors group (OR 1,620;
p¼0,002) (table 2), suggesting that this variant could increase the risk of
suffering RPOA of the knee. Considering the results of the univariate
chi-square analyses, we then applied the generalized estimating
equations approach to develop a model to predict the risk of RPOA
including both genetic and clinical variables. The interaction between
the risk allele G of rs12107036 and the mtDNA cluster KU (OR 1,727;
p¼0,036), in addition to the D-loop variant mt16519C (OR 1,690;
p¼0,003), showed a signiﬁcant association with the RPOA phenotype.
These genetic associations were detected regardless of age (OR 1,056; p
<0,001), BMI (OR 1,065; p<0,001), contralateral knee OA (OR 1,927; p
<0,001), previous injury (OR 1,770; p <0,001) and WOMAC pain (OR
1,097; p¼0,001) (table 3).
Conclusions: The Results of this work show the importance of considering speciﬁc mtDNA genetic variants, not only as candidate genetic
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biomarkers but also as modulators of the inﬂuence of certain nuclear
polymorphisms on the risk of developing the RPOA phenotype.
PRESENTATION NUMBER: 193
CLINICALLY FEASIBLE MULTIPLEX BIOMARKER ASSAY FOR
ASSESSING JOINT HEALTH AND STRATIFYING OSTEOARTHRITIS
PATIENT POPULATION
J. Hendriks 1, M. Karperien 1, H. Krabbe 2. 1 Univ. of Twente, Enschede,
Netherlands; 2 Medlon, Enschede, Netherlands
Purpose: Osteoarthritis is a debilitating disease affecting a large and
increasing population worldwide. Despite large efforts, no curative
treatment yet exists. However, currently many targeted treatments
using speciﬁc pathway inhibitors are under development. These targeted treatments are shown to be more effective in certain sub-populations of patients. It seems therefore essential to be able to effectively
stratify the patient population when applying or developing OA treatments. A potentially powerful approach to stratify the patient population is capturing the joint homeostasis by simultaneous assessment
of a broad set of biomarkers. Here, we show the development of a
clinically feasible biomarker assay with a broad set of - easily customizable - biomarkers to accurately capture joint’s health state at a speciﬁc
moment. This assay is highly sensitive (< pg/ml), has a broad dynamic
range (7 logs) and can measure up to 48 markers simultaneously in
complex ﬂuids (synovial ﬂuid, serum, plasma or urine). Custom parallelization tools allow for the measurement of 6 biomarkers in 8 patients
simultaneously for larger throughput applications. We analytically
validated the technology against standard clinical biomarker tools and
showed excellent correlations (r>0.99). Therefore, this technology
could signiﬁcantly beneﬁt both development of new therapies, and the
targeted application of current therapies in OA patients.
Methods: The biomarker assay technology was developed by applying
gold nanoparticle enhancement cascade on standard SPRi equipment.
Brieﬂy, speciﬁc capture antibodies are spotted on a gold sensor (Ssens
BV), with a maximum of 96 individual spots, and are loaded into the
SPRi machine (IBIS MX96). In this assay a cascade of biomarker, biotinylated detection antibody, neutravidin and biotinylated gold nanoparticle is measured in real time. The cascade result in signal
improvement of over 200 times and an increase in sensitivity of more
than 10000 times, enabling sub pg/ml measurements. The real time
nature enables extensive quality control, essential for clinical translation. We analytically validated the technology against a standard
clinical biomarker tool (IL-6 Lumipulse) and created parallelization
spotting for higher patient throughput. Using this technology, we
developed a broad biomarker panel for capturing joint homeostasis.
Results: We developed a biomarker assay technology for a broad panel
related to OA pathophysiology. The panel includes IL-1b, IL-6, TNF-a,
IFN-g, IL-8, IL-4, IL-10, IL-17A and C3F. We can measure this panel with
high sensitivity (depending on antibody pair: range 0.05 pg/ml to 20 pg/
ml) in broad dynamic range (5 - 7 logs) in multiplex in complex ﬂuids
(high recovery in both serum and synovial ﬂuid). Furthermore, intra and
inter-assay CVs were <20% indicating high reliability. We analytically
validated our assay for biomarker IL-6 against clinically standard tools,
showing excellent correlation (R2>0.99). We subsequently developed a
parallelization spotting tool that enables measurement of 6 markers in
up to 8 patients simultaneously, improving throughput for clinical trial
measurements.
Conclusions: We have developed a highly sensitive biomarker assay
technology that applies a broad panel to accurately capture OA disease
state. The technology is reliable, correlates excellently to current clinical
tools and is highly ﬂexible in adjusting biomarker panel to custom
preferences. This tool can be applied to stratify patient populations and
qualitatively assess treatment efﬁcacy. Our tool may aid in the development of dearly needed treatments for OA.
PRESENTATION NUMBER: 194
MIRNOME SEQUENCING IDENTIFIES CIRCULATING MICRORNAS THAT
ARE ASSOCIATED WITH DISEASE PROGRESSION IN THE
OSTEOARTHRITIS INITIATIVE COHORT
S.A. Ali 1, 2, O. Espin-Garcia 2, 3, P. Potla 2, M. McIntyre 2, S. Lively 2,
R. Gandhi 2, 4, A. Wong 2, 5, M. Kapoor 2, 4. 1 Bone & Joint Ctr., Henry Ford
Health System, Detroit, MI, USA; 2 Schroeder Arthritis Inst., Univ. Health
Network, Toronto, ON, Canada; 3 Dalla Lana Sch. of Publ. Health, Univ. of
Toronto, Toronto, ON, Canada; 4 Krembil Res. Inst., Univ. Health Network,

Toronto, ON, Canada; 5 CESHA, Joint Dept. Of Med. Imaging, Univ. Health
Network, Toronto, ON, Canada
Purpose: Identifying individuals with fast-progressing osteoarthritis
(OA) would enable preventative interventions to be delivered to the
right patients at the right time to slow disease progression. However,
there are currently no validated biomarkers for detecting fast-progressing OA. MicroRNAs (small, stable, endogenous RNA molecules that
are easy to detect in blood) have emerged as powerful candidate biomarkers for human disease and therefore may be useful for identifying
fast-progressing OA. Previous studies have shown circulating microRNAs to be differentially expressed in OA versus controls and in earlystage versus late-stage radiographic knee OA. Most of these studies
have been performed in cross-sectional cohorts, with relatively few
studies performed in longitudinal cohorts. The Osteoarthritis Initiative
(OAI) represents a longitudinal, prospective, observational knee OA
cohort with biospecimens and clinical data collected at baseline and
years 1, 2, 3, 4, 6 and 8, among ongoing timepoints. Careful characterization of individual disease trajectories within the OAI cohort presents
the possibility of identifying biomarkers that may be associated with
fast-progressing OA. By sequencing the miRNome (all microRNAs
transcribed in the genome) in blood samples from the OAI cohort at
baseline and 4-year follow-up, it may be possible to identify microRNAs
that are associated with fast-progressing knee OA. As such, we
hypothesize that a unique proﬁle of circulating microRNAs is associated
with fast-progressing radiographic knee OA as compared to slow-progressing and non-progressing radiographic knee OA.
Methods: We performed miRNome sequencing to proﬁle microRNAs in
plasma samples obtained from the OAI cohort. We used radiographic
progression as measured by Kellgren-Lawrence (KL) grade in the OAI
cohort to initially select subjects. Progressors were selected for having
KL grades 0 or 1 at baseline and grades 3 or 4 by year 8 of follow-up
(N¼57). Non-progressors were selected based on propensity score
matching for age, sex, and body mass index (BMI); for having KL grades
0 or 1 at baseline; and for not having KL grades 3 or 4 by year 8 of
follow-up (N¼57). Plasma samples from these 114 subjects at baseline
and 110 subjects at 4-year follow-up (4 plasma samples were not
available from the OAI) were prepared for sequencing. Total RNA was
isolated with the Qiagen miRNeasy Serum/Plasma Advanced Kit and
microRNA libraries were created using the Qiagen QIAseq miRNA
Library Kit. MiRNome sequencing was performed on the Illumina
NextSeq550 platform with an average depth of 11.6 million reads per
sample. Sequencing reads were ﬁrst aligned to miRBase v22.1 and then
to the human reference genome (Version GRCh38). Data were excluded
if the subject underwent arthroplasty at any time (N¼6) or if a nonprogressor showed KL 2 by year 8 of follow-up (N¼2; indicating progression had occurred), leaving 106 samples at baseline and 102 samples at 4-year follow-up. Following total counts normalization,
differential expression analysis was performed cross-sectionally using a
negative binomial model and longitudinally using a negative binomial
mixed effects model. To account for additional confounders not considered in original propensity score matching, a second propensity
score (including WOMAC pain score and arthroscopy status) was
introduced in the models as an adjusting covariate; additionally, the
cross-sectional model adjusted for sequencing batch. MicroRNAs were
ﬁltered based on statistical signiﬁcance [after correcting for multiple
comparisons using the Benjamini-Hochberg p-value adjustment
(FDR<0.05)] and based on the frequency with which they appeared in
one group as compared to the mean expression in the other groups.
Results: We used a data-driven approach to characterize the rate of
radiographic knee OA progression in the 106 subjects that were included in this study. Individual disease trajectories were determined by
plotting the KL grade of each subject at each follow-up visit over the 8year period (Figure 1). From this, we identiﬁed fast-progressors (N¼20),
slow-progressors (N¼35), and non-progressors (N¼51). Fast-progressors went from KL 0 or 1 at baseline to KL 3 or 4 by 4-year follow-up,
slow-progressors went from KL 0 or 1 at baseline to KL 2, 3, or 4 by 8year follow-up (without a KL 3 or 4 at year 4), and non-progressors
stayed at KL 0 or 1 through to 8-year follow-up. This characterization
enables a clearer distinction to be made between fast-progressors and
non-progressors than the alternative method of dividing the cohort in
half to compare progressors versus non-progressors. With these three
groups, we aimed to determine whether there were microRNAs associated with fast-progressors but not slow-progressors or non-progressors. First, to identify abundant microRNAs, we ﬁltered sequencing
reads for microRNAs with greater than 10 counts-per-million in at least
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2 samples and identiﬁed 532 microRNAs at baseline and 411 microRNAs
at 4-year follow-up. Second, to identify statistically signiﬁcant differences (FDR<0.05) between groups within each timepoint, we performed cross-sectional analyses and found 128 microRNAs (78 unique)
to be differentially expressed at baseline (Figure 2A) and 17 microRNAs
(13 unique) at 4-year follow-up (Figure 2B). Third, to identify statistically signiﬁcant differences (FDR<0.05) between groups across timepoints, we performed longitudinal analyses and found 2 microRNAs to
be differentially expressed between fast-progressors and non-progressors. There were no other statistically signiﬁcant differences
between the other comparisons (fast-progressor versus slow-progressor and slow-progressor versus non-progressor) in the longitudinal
analysis. Finally, we identiﬁed 2 microRNAs that were highly abundant
in fast-progressors, found in >¼85% of fast-progressors and <¼62% of
slow-progressors and <¼53% of non-progressors at both baseline and
4-year follow-up. We are currently using these data to build, test, and
validate a predictive model in an independent sample set obtained from
the OAI cohort.
Conclusions: The OAI cohort represents a well-characterized, longitudinal dataset that enables discovery of biomarkers that are associated
with disease progression. By applying miRNome sequencing to three
carefully deﬁned progressor groups, we identify circulating microRNAs
that are associated with fast-progressing radiographic knee OA. Future
studies will be directed towards validation of these microRNAs in other
longitudinal knee OA cohorts.

have resulted in clinical improvements by reducing oxidative stress in
damaged tissues. The ﬁrst aim of this pilot study was to evaluate and
compare presence of acrolein in the synovial ﬂuid (SF) of dogs with
osteoarthritis (OA) and Control joints. The second aim was to evaluate
whether acrolein can be used as a potential inﬂammatory biomarker of
OA to discriminate between OA and Control dogs’ SF samples. The ﬁnal
aim was to explore whether use of samples that had been stored in the
frozen state for a short period of time versus a long period of time
would impact the Results of biomarker comparisons.
Methods: Dogs in the OA group were recruited based on presence of
radiographic and surgically conﬁrmed non-traumatic secondary OA in a
synovial joint; the OA was graded based on radiographs. Dogs in the
Control group were recruited based on lack of abnormal ﬁndings during
complete physical, neurologic and orthopedic examination. Synovial
ﬂuid (SF) samples were aseptically aspirated from the joints with secondary OA (OA group) as well as the knees of dogs with healthy joints
(Control group); only one joint from each dog was sampled. Samples
were frozen immediately in -80 C prior to batch analysis. Due to its
short half-life, acrolein detection was performed using a byproduct of
its interaction with endogenous lysine in the SF (i.e., FDP-Lysine). Matrix
metalloproteinase-2 (MMP-2) was measured as a positive control of
inﬂammation and anti-f -1 antitrypsin (A1AT) was measured and used
as a loading internal control. All three molecules were measured using
the Western blot imaging methodology and normalized to A1AT. Statistical analysis was performed using paired t-test to evaluate differences
in biomarkers between OA and Control groups and Spearman test was
used to evaluate correlations between radiographic grades in OA group
and the measured biomarkers.
Results: A total of 18 and 9 SF samples were obtained from the OA group
and Control group dogs, respectively. Causes of secondary OA included
elbow dysplasia, osteochondrosis dissecans, degenerative cranial cruciate ligament rupture, and patella luxation. The sources of samples
included elbow, knee and shoulder joints. Of these samples, four of the
OA group and ﬁve of the Control group samples had been stored in the
frozen state for 4-5 years with the remainder having been in a frozen
state for less than 6 months (Table 1). The dogs in the OA group had
signiﬁcantly higher body weight (P ¼ 0.003) and included higher
number of neutered males and females (P < 0.001) compared to the
Control group dogs. The measured band signal for FDP-lysine and MMP2 were both signiﬁcantly higher in the OA group compared to Controls
(P ¼ 0.026 and P ¼ 0.048, respectively). Meanþ standard deviation (SD)
for FDP-Lysine for the OA group and Control group samples were
0.70(0.23) and 0.52(0.15), respectively. Meanþ SD for MMP-2 for the OA
group and Control group samples were 1.17 (0.38) and 0.83(0.26),
respectively. The means of measured biomarkers (i.e., FDP-Lysine and
MMP-2) in the long-term frozen samples were consistently less than
those of recently frozen samples in both groups. However, these differences with regards to duration of the frozen state of samples were
not statistically signiﬁcant (P > 0.05). There was no statistically signiﬁcant correlation between the radiographic grade of OA and the
measured FDP-lysine or MMP-2 biomarkers.

Group

OA (n¼18)

PRESENTATION NUMBER: 195
EVIDENCE OF ACROLEIN AS AN INFLAMMATORY BIOMARKER IN
SYNOVIAL FLUID OF DOGS WITH OSTEOARTHRITIS
S. Herr 1, S. Malek 2, M.C. Rochat 2, G.E. Moore 3, J.C. Ko 2, R. Shi 1. 1 Dept.
of BMS, Purdue Univ. Sch. of Vet. Med., West Lafayette, IN, USA; 2 Dept. of
VCS, Purdue Univ. Sch. of Vet. Med., West Lafayette, IN, USA; 3 Dept. of Vet.
Admin., Purdue Univ. Sch. of Vet. Med., West Lafayette, IN, USA
Purpose: Endogenous acrolein is considered a toxic aldehyde that is a
byproduct of tissue trauma. It has been shown to be present in diseases
associated with brain and spinal cord and to exacerbate tissue inﬂammation and damage in humans and rodents. Anti-acrolein treatments
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Control (n¼9)

Joint

Cause of
secondary
OA

Duration of frozen state
Short-terma

Long-termb

Elbow

Elbow dysplasia

5

-

Stiﬂe

dCrCLR(n¼11),
MPL(n¼1)
OCD
-

8

4

1
4

5

Shoulder
Stiﬂe

a
Samples frozen in -80 C for less than 6 months since collection. b Samples
frozen in-80 C for 4-5 years since collection. Elbow dysplasia: fragmented
medial coronoid process, osteochondritis dissecans of humeral condyle,
ununited anconeus process; dCrCLR: degenerative cranial cruciate ligament
rupture; MPL: medial patella luxation; OCD: osteochondritis dissecans of
humeral head.

Table 1

Source and age of synovial
ﬂuid samples for osteoarthritis
(OA) and Control groups

Osteoarthritis
andCartilage
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Conclusions: This is the ﬁrst study documenting evidence of acrolein,
based on the surrogate biomarker FDP-Lysine, in canine SF samples. The
long-term versus short-term storage of SF samples did not impact the
ability to detect the measured biomarkers and allowed discrimination
between OA and Control groups. The preservation of these biomarkers
provided evidence that biobanking samples did not result in signiﬁcant
molecular degradation. The higher level of acrolein in tandem with
elevated MMP-2 in the OA group was representative of the inﬂammatory state of the joint ﬂuid environment compared to Controls. Identiﬁcation of higher levels of acrolein in the OA group in this pilot study is
the ﬁrst step in evaluating its role as an inﬂammatory biomarker that
may be utilized in OA research as a therapeutic target. Future studies
including evaluation of acrolein levels speciﬁc to each joint pathology in
larger group sizes is warranted.
PRESENTATION NUMBER: 196
SYNOVIAL FLUID AND SERUM SMALL NON-CODING RNA SIGNATURES
IN EQUINE OSTEOARTHRITIS
€ ldebrand 4, P.D. Clegg 1,
C. Castanheira 1, V. James 2, S. Taylor 3, E. Skio
M.J. Peffers 1. 1 Inst. of Life Course and Med. Sci., Univ. of Liverpool,
Liverpool, United Kingdom; 2 Sch. of Vet. Med. and Sci., Univ. of
Nottingham, Nottingham, United Kingdom; 3 The Royal (Dick) Sch. of
Vet., Studies and The Roslin Inst., Univ. of Edinburgh, Edinburgh, United
Kingdom; 4 Swedish Univ. of Agricultural Sci., Uppsala, Sweden
Purpose: Osteoarthritis is one of the most common causes of lameness
in horses and a signiﬁcant cause of poor performance in equine athletes,
often leading to early retirement or euthanasia. Similar in pathogenesis
to human osteoarthritis, clinicians face much of the same challenges in
the diagnosis and treatment of the disease; the lack of a diagnostic tool
for an early diagnosis has long delayed the development of effective
therapies. In the pursuit of biomarkers for disease diagnosis or staging,
small non-coding RNAs, particularly microRNAs, have been the subject
of considerable research in human osteoarthritis yet poorly investigated
in their equine counterparts. The aim of this study is to identify differentially expressed microRNAs and snoRNAs in synovial ﬂuid and
serum samples between control and osteoarthritic equine donors, using
next generation sequencing. Subsequent pathway analysis and target
prediction will provide insights into the underlying pathogenesis of
differentially expressed genes and their potential role in the development of osteoarthritis. Validation of Results in an independent cohort
will aid in the discovery of potential biomarkers for disease.
Methods: Synovial ﬂuid and serum samples were collected from control
(n¼4; age mean ± standard deviation; 6.3 ± 7.5 years) and osteoarthritic
(n¼9; 6.5 ± 3.5 years) horses. Samples collected consisted of residue of
clinical samples or collections at post-mortem. Sample group characterisation varied with form of collection; for clinical samples, group characterisation was determined based on presence/absence of clinical signs
including lameness, joint effusion, pain on joint ﬂexion, response to intraarticular anaesthesia or osteoarthritic changes visible on radiography; for
collections at post-mortem, groups were characterised based on presence/absence of macroscopic changes and the severity of osteoarthritis
was classiﬁed in mild, moderate or severe according to the extension of
the lesions. Animals included in the control group had normal joints
macroscopically. Synovial ﬂuid was aseptically collected from either the
carpal, intercarpal or metacarpophalangeal joint and pre-processed to
remove all cellular content. Haemolysed or blood-contaminated samples
were excluded from the study. Total RNA was extracted and submitted for
library preparation using RealSeq-Bioﬂuids kit with Illumina NovaSeq SP.
Overall quality of the data was evaluated and reads from all quality
samples were adapter trimmed and size ﬁltered for a minimum length of
17 nucleotides. Reads were mapped ﬁrst against the genomic reference
EquCab.3.0 provided by Ensembl allowing for two mismatches and subsequently miRBase v22.1, ﬁltered for miRNAs of eca only, allowing for one
mismatch. For a general RNA composition overview, non-miRNA mapped
reads were mapped against RNA central and then assigned to various RNA
species of interest. Analysis of pre-processed sequence data included
assessment of data variation through principal component analysis and
construction of heatmaps for data visualization. Analysis of differential
expression was undertaken with edgeR v3.28 using the quasi-likelihood
negative binomial generalized log-linear model functions. The independent ﬁltering method of DESeq2 was adapted for use with edgeR to
remove low abundant molecules and thus optimize the false discovery
rate (FDR) correction. MicroRNA differential expression data was used for
pathway analysis and target prediction using Ingenuity Pathway Analysis

software. Results were ﬁltered to include only experimentally observed or
highly predicted molecules in chondrocytes, osteoblasts and ﬁbroblasts. A
group of six differentially expressed microRNAs were selected for further
validation using qRT-PCR using 10 samples from an independent cohort
(n¼10; 5 controls and 5 OA), for both synovial ﬂuid and serum.
Results: Small non-coding RNA molecules identiﬁed in both synovial
ﬂuid and serum included Y-RNAs, small nucleolar RNAs, small nuclear
RNAs, ribosomal RNAs, piwi-interacting RNAs, transfer RNAs and
microRNAs. Messenger RNA and long non-coding RNA were also
detected. Relative abundance of microRNAs varied between 0.02-6.18%
in synovial ﬂuid and 1.07-57.03% in serum samples. A total of 308
miRNAs were identiﬁed, 70.13% of which with over 20 counts per million reads. Principal component analysis plots of microRNA data in both
synovial ﬂuid and serum revealed close clustering of all control samples, with little variation among them. Osteoarthritic samples revealed
signiﬁcant variation. MicroRNA analysis in synovial ﬂuid revealed 23
differentially expressed microRNAs (p<0.05) in osteoarthritic samples
compared to controls, seven of which at FDR<0.05. In IPA microRNA
target prediction analysis revealed 259 potential targets. Pathway
analysis revealed microRNA involvement in inﬂammatory disease and
response (p<1.03x10-3); and predicted targets were signiﬁcantly linked
with the osteoarthritis pathway (p¼2.21x10-21). A total of 43 differentially expressed microRNAs (p<0.05) were also found in serum, 15
with FDR <0.05. Seven of the differentially expressed microRNAs were
common for synovial ﬂuid and serum, and changes in expression followed the same directionally in both sample types. These included ecamiR-1291a, eca-miR-423-5p, eca-miR-23b and eca-miR-1892, whose
expression was decreased in osteoarthritis; and eca-miR-148a, ecamiR-199a-3p and eca-miR-199b-3p, whose expression was increased in
osteoarthritic samples. Relative abundance of small nucleolar RNAs was
lower than that of microRNAs, generally comprising less than 0.01% of
all reads for both synovial ﬂuid and serum samples. A total of 186 small
nucleolar RNAs were identiﬁed, all with over 20 counts per million
reads. Gene expression analysis revealed 12 differentially expressed
small nucleolar RNAs (p<0.05) in synovial ﬂuid and 14 in serum
(p<0.05). One molecule, snord20, was common for both sample types
and signiﬁcantly increased in osteoarthritic samples.
Conclusions: Small RNA sequencing Results revealed a pattern of differential expression in both synovial ﬂuid and serum samples between
control and osteoarthritic horses. We identiﬁed a panel of seven
microRNAs and one snoRNA common for both sample types with
potential use as biomarkers for disease. Differentially expressed molecules and predicted targets appear to be related to inﬂammatory
responses and the osteoarthritis pathways. These ﬁndings suggest the
identiﬁed molecules might be playing a role in the pathogenesis of
osteoarthritis, potentially being involved in its development and progression. Further characterisation and validation of these molecular
changes will contribute to a better understanding of the biological
processes they regulate and could provide novel insights on the
mechanisms of early osteoarthritis.
PRESENTATION NUMBER: 197
EXPRESSION AND FUNCTION OF THE DIFFERENTIALLY EXPRESSED
GENES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS BY AN
INTEGRATION
ANALYSIS
BASED
ON
MULTI-PLATFORM
MICROARRAY DATASETS
X. Chen, G. Fu, R. Zhang. Shaanxi Univ. of Chinese Med., Xianyang, China
Purpose: Osteoarthritis (OA) is a common chronic joint degenerative
disease manifested via painful and inﬂexible joints. X-rays show a
narrowed joint space, a thick subchondral bone, a broken trabecular
bone, hardening, and Cystic changes; threatening the quality of life of
osteoarthritis patients, especially the middle-aged and elderly. Rheumatoid arthritis (RA) is a rheumatoid immune disease with inﬂammatory synovitis of unknown etiology. Joint stiffness, arthritis pain, joint
deformities, and other clinical symptoms similar to those of Actinically
are the major symptoms. The differential diagnosis between the two is
difﬁcult and the incidence of misdiagnosis is high. This study is focused
on the genome expression data of OA and RA patients, using evidencebased medicine, Meta-analysis, bioinformatics, and screening essential
environmental chemicals to further study bone chemicals to explore
whether the two are signiﬁcantly different at the genome level. The
molecular structure, differential gene expression levels of arthritis and
rheumatoid arthritis, analysis methods to study the biological changes
and differences between OA and RA at the genomic level provide for the
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exploration of the pathogenesis of the two and the differential diagnosis
of the two research bases.
Methods: Microarray mRNA expression proﬁling datasets from OA and
RA patients were retrieved and downloaded from Gene Expression
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/); A total of 12
datasets were included in our study. The basic information about the
datasets is shown in Table 1. The difference between batches is
eliminated, and then chip data-based meta-analysis, bioinformatics
analysis, and data mining technology are used to explore the
differential expression genes (DEGs) of OA and RA after data
preprocessing. GO, and KEGG enrichment analyses are performed to
identify the key differential biological functions and signal pathways
of the two diseases after screening the DEGs. Subsequently, micro
RNA-DEG network, and DEG-essential environmental chemicals
network, the PPI interaction network, DEG-micro RNA network, and
environmental chemicals-DEG network were established, respectively.
The raw detection values of TOP4 differentially expressed genes in 12
datasets were then obtained; classic meta-analysis techniques were
used to conduct integrated analysis to verify the above Results.
Results: The distribution trends are smooth curves after preprocessing
the original data to eliminate the inter-batch difference, indicating that
the data distribution trends are consistent and can be integrated and
analyzed, as shown in Figure 1. A total of 1030 DEGs were screened with
the help of Network Analyst (https://www.networkanalyst.ca/), of
which 478 were up-regulated genes (46.41%), 552 were downregulated genes (53.59%); the three most up-regulated genes were
AIM2, RAC2, IL7R, and the three most down-regulated genes were BTC,
TMOD1, and BMERB1, as shown in Figure 2 (RA vs. OA). GO
enrichment analysis results showed that DEGs are mainly involved in
immune regulation, immune cell response, immune cell
differentiation and cytokine receptor interaction. The key signaling
pathways which the DEGs involved were also related mostly to the
body's immune system regulation and signal transduction pathways.
OA is lower than RA in the body's immune degree and can be
involved in many mechanisms of body inﬂammation response. PPI
established a visual protein interaction network using Cystoscope 3.7.
1, showing 39 genes involved in the PPI with CD2 as the core protein
node, 27 up-regulated proteins, and 12 down-regulated proteins, as
shown in Figure 3A. After parameter adjustment (Degree>5), the
microRNA-Gene interaction network showed that the ten microRNAs
represented by hsa-mir-93-5p have an interactive relationship with
46 DEGs, of which there were 21 up-regulated DEGs and 25 downregulated DEGs, as shown in Figure 3B. The core node protein CD2
from the PPI network and the two DEGs with the most obvious
differential expression levels were uploaded to CTD. The results
showed that these essential genes participate in the interaction
network of environmental chemicals. This indicated that there were
three types of environmental chemical interactors in CD2, AIM2, and
BTC namely: Nickel, Bisphenol A, and Dietary Fats (Figure 3C). The
detection values of AIM2 and BTC were obtained from 12 datasets for
a comprehensive meta-analysis. The results of meta-analysis showed
that compared with RA, the expression of AIM2 in OA patients was
signiﬁcantly decreased, and the level of BTC expression was
signiﬁcantly increased, which was consistent with the above results
from microarray analysis (Figure 4).
Conclusions: Proteins CD2, AIM2, and BTC play important biological
roles in OA and RA, focusing on the immune process of the body. Major
environmental chemistry such as Nickel, bisphenol A, and Dietary Fats
can affect the body’s immune mechanism, growth and development of
bones. The inﬂammatory mechanism and molecular level of OA can
have a synergistic effect. (The study was supported by Key Research and
Development Program in Shaanxi Province, No. 2020SF-076; Research
Project from Health Commission of Shaanxi Provincial Government, No.
2018A017; Education Department of Shaanxi Provincial Government,
No. 19JS015.)
PRESENTATION NUMBER: 198
IMPROVING THE ACCURACY OF CLINICAL RISK PREDICTION FOR HIP
AND KNEE OSTEOARTHRITIS BY A POLYGENIC RISK SCORE
B. Sedaghati-Khayat 1, C. Broer 1, A. Verkerk 1, L. Broer 1, E. Zeggini 2,
S. Bierma e Zeinstra 3, J. Runhaar 3, Genetics of Osteoarthritis
consortium4A. Uitterlinden 1, 5, J. van Rooij 1, J. van Meurs 1, 5. 1 Dept. of
Internal Medicine, Erasmus Med. Ctr., Rotterdam, Netherlands; 2 Inst. of
Translational Genomics, Helmholtz Zentrum München, German Res. Ctr.
for Environmental Hlth., Neuherberg, Germany; 3 Dept.s of Gen. Practice
and Orthopaedic Surgery, Erasmus Univ. Med. Ctr., Univ. Med. Ctr.
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Rotterdam, Rotterdam, Netherlands; 4 Deutsches Forschungszentrum für
Gesundheit und Umwelt (GmbH), Helmholtz Zentrum München,
München, Germany; 5 Dept. of Epidemiology, Erasmus Med. Ctr.,
Rotterdam, Netherlands
Purpose: Osteoarthritis (OA) as a late-onset disease presents a considerable burden on ageing societies, with over 300 million people
affected diagnosed worldwide. Osteoarthritis is a complex degenerative
disease with an estimated genetic component of ~50%. Risk prediction
for OA typically includes clinical and environmental factors, but genetic
factors are not yet used. Individual genetic risk factors identiﬁed by
GWAS may be combined in so-called polygenic risk scores (PRS). This
study tests the clinical utility of PRS for predicting prevalent and incident hip OA or knee OA as part of the “Genotyping On All Patients
(GOALL)” project at Erasmus MC.
Methods: 12,732 individuals from three Dutch population cohorts
(Rotterdam study I, II, and III) and two clinical cohorts (CHECK and
PROOF) were included. We studied the prevalence and incidence of
radiographic OA, clinical OA, and total hip or knee replacement. The PRS
is derived from the largest GWAS meta-analysis in OA performed by the
Genetics of Osteoarthritis (GO)-consortium. 44 independent SNPs for
the hip OA PRS and 24 independent SNPs for the knee OA PRS with the
genome-wide signiﬁcant cut-off were selected. Standardized and
weighted PRSs (PRS) were constructed for each participant. Logistic
regression models provided the odds ratios (OR) per standard deviation
(SD) of PRS. Next, we calculated the relative risk of various PRS distribution cutoffs (upper and lower 5%, 10%, 20%, or 25%) for combined
prevalent and incident cases OA compared to the middle 25-75% of the
PRS distribution. Subsequently, we investigated the discriminative
ability of the PRS along with clinical risk factors and the association
between age at onset and the PRS. All analyses were adjusted for age,
sex, and BMI when applicable. We tested the impact of the PRS on
clinical risk prediction and age at disease onset.
Results: We observed the highest predictive value for the PRS on total
joint replacement. The OR per SD was 1.3 for incident total hip
replacement (95% conﬁdence interval (CI) 1.1-1.5, P < 6  10-4) and 1.6
(1.3-1.9, P < 1  10-5) for incident total knee replacement in the metaanalysis of three Rotterdam Study cohorts. These ORs were 1.1 (CI 0.81.5) and 1.2 (CI 0.7-2.2) for incident hip and knee replacement in the

CHECK study, respectively. The meta-analysis of Rotterdam studies for
total joint replacement in percentiles showed the risk increase across
the PRS distribution bins. Such that for hip replacement, OR signiﬁcantly increases from 0.6 in the bottom 10% to 0.7 in the bottom 25%
and from 1.3 in the top 25% to 1.45 in the top 10%. Also, this increased
risk was observed for radiographic hip OA (0.8 in the lowest 10% vs 1.5
in the highest 10%), and for clinical hip OA (0.8 to 2.2) (Figure A). For
knee OA a similar trend was observed and the top 10 percent of the PRS
distribution showed signiﬁcantly increased risks for radiographic knee
OA (OR 1.25, CI 1.0-1.5), clinical knee OA (OR 1.4, CI 0.93-2.0) and total
knee replacement (OR 1.8, CI 1.8-2.9) (Figure B). The meta-analyzed AUC
of ageþsex for a total hip replacement was 0.60, which increased to 0.62
by adding the PRS. For total knee replacement, the AUC was 0.77 for
ageþsexþBMI, which increased to 0.80. For CHECK and PROOF studies,
no increases in discriminative ability were observed after PRS was
added to clinical risk factors.
Conclusions: To our knowledge, this is the ﬁrst assessment of PRSs for
the incident and prevalent radiographic OA, clinical OA, total hip or
knee replacement. Signiﬁcantly, individuals in the highest ten percent
of the hip PRS had a 2.2 times higher risk for clinical hip OA. Also,
individuals with a knee PRS in the highest 5% of the population had a 2.0
times higher risk for total knee replacement. Moreover, adding the PRS
to the clinical risk factors led to the improved discriminative ability for
OA. We did not observe a signiﬁcant association between age at onset
and the PRSs, possibly due to low power. Further research to evaluate
the predictive power of lifetime risk of osteoarthritis by PRS and its
integration with clinical risk scores is needed. As well as validating the
genetic risk scores' predictive power among different ethnicities and in
diverse populations.
PRESENTATION NUMBER: 199
EX VIVO BIOMARKER PROFILING IDENTIFIES ONCOSTATIN-M
SIGNALING AS SPINE OA-SPECIFIC TARGET
O. Roessinger 1, M. Blanchard 1, M. Briki 1, D. Juri
c 2, C. Netzer 3,
T. Ecker 1, T. Hügle 1, J. Geurts 1. 1 Lausanne Univ. Hosp. (CHUV), Lausanne,
Switzerland; 2 Univ. Hosp. Ctr. Zagreb, Zagreb, Croatia; 3 Univ. Hosp. Basel,
Basel, Switzerland
Purpose: Disease heterogeneity, both clinically and molecularly, has
been a major hurdle in the development of efﬁcacious disease-modifying OA drugs (DMOADs). Biomechanical, inﬂammatory, osteoporotic
and metabolic OA have been proposed as clinically relevant subtypes for
stratiﬁcation of knee OA patients, yet this remains to be included in
clinical trial design. Disease heterogeneity does not only occur within,
but also between joint types. However, robust data on joint-speciﬁc
pathomechanisms of OA are still lacking. In this study, we performed ex
vivo biomarker proﬁling of human osteochondral tissue of knee and
spine OA to identify joint-speciﬁc pathomechanisms and DMOAD
treatment responses.
Methods: Facet joint and tibial plateaus were obtained from patients
undergoing lumbar spinal fusion (n¼10, mean age 72.8) and total joint
arthroplasty (n¼8, mean age 73.0) respectively. Osteochondral specimens were cut in equal-sized samples (100-300 mg wet weight) and
randomly assigned to treatment groups: control (DMSO), inﬂammation
(1 ug/mL LPS) or inﬂammation þ DMOAD (TGF-beta type I receptor
inhibitor,10 uM SB-505124). Explant culture was conducted for one
week and biomarkers of bone metabolism (Pro-Col-Ia, SOST, OPG, OPN,
DKK1, PTH, RANKL), inﬂammation (MCP-1, IL-6, MMP3, OSM, TIMP1,
VEGFA) and cartilage metabolism (ACAN, COMP) were determined by
ELISA. Biomarker expression was normalized for tissue weight and bone
fraction and analyzed using clusteranalyses and ANOVA. Cartilage
proteoglycans were assessed by whole mount Alcian blue staining.
Results: Clusteranalyses revealed that LPS stimulation increased IL-6
and MCP-1 secretion by both facet joint (FJ) and knee joint (KJ) tissues.
Interestingly, Oncostatin-M (OSM) and its downstream mediators
MMP3 and TIMP1 were increased in the majority of FJ, but not KJ
specimens (Figure). Statistical analyses corroborated increased OSM,
MMP3 and TIMP1 levels in a spine-speciﬁc fashion. Whole mount
Alcian blue staining revealed heterogeneous effects of LPS treatment on
cartilage proteoglycans, which was negatively correlated with OSM (r¼0.54) and TIMP1 levels (r¼-0.45) - yet poorly associated with ACAN
(r¼0.19). Inhibition of TGF-beta type I receptor signaling in osteochondral tissues led to a drastic reduction of Pro-Collagen-Ia and IL-6
secretion in both spine and knee OA specimens. Interestingly, DMOAD
treatment signiﬁcantly reduced OSM, TIMP1 and MMP3 levels in FJ
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the Biosensor to selectively detect the COMP antigen by performing
surface modiﬁcation using self-assembled monolayer technique to
provide immobilization of the antibody.
Methods: Aim: 1 Fabrication of the Biosensor for highly selective,
sensitive, and repeatable detection of multiple biomarkers released in
bodily ﬂuids at the same time. Modiﬁcation of gold electrodes to sensors: [SK1] Biosensing is achieved by modifying screen-printed gold
electrodes (SPE) fabricated in a 3-electrode system containing a working,
counter, and reference electrode. The surface modiﬁcation step allows
immobilization of the recognition element or antibodies that enable
binding of the antigen or the biomarker of interest. The interaction
between the antibody and antigen Results in the change of electrical
signals, either potential, current, or impedance, detected using a potentiostat. The surface modiﬁcation conﬁrmed the difference in the morphology of the electrode surface under AFM with (a) Blank or un-coated
Gold (Au) electrode, (b) Au electrode modiﬁed with 11-Mercaptoundecanoic acid (MUA) and crosslinked with N-(3-Dimethylaminopropyl)-N'ethylcarbodiimide hydrochloride - N-Hydroxysuccinimide (EDC-NHS),
creates a self-assembled monolayer (SAM), and (c) Cartilage Oligomeric
matrix Protein-antibody immobilized biosensor. (a, b, c).
specimens only. Vice versa, KJ tissues revealed a speciﬁc upregulation of
monocyte chemoattractant protein-1 (MCP-1) and osteopontin (OPN)
upon inhibition of TGF-beta signaling.
Conclusions: Oncostatin-M expression and signaling was uncovered
as speciﬁc pathomechanism of spine OA. DMOAD treatment effects
suggested interplay of OSM and TGF-beta signaling pathways in
facet joint osteoarthritis. Known to be predominantly expressed by
macrophages and immune cells, OSM may be an important
osteoimmunological mediator of tissue damage and remodeling in
spine, but not knee OA. This study also highlights the value of ex
vivo human tissue models for OA phenotyping and preclinical
evaluation of DMOADs.
PRESENTATION NUMBER: 200
BIOSENSOR FOR ELECTROCHEMICAL DETECTION OF BIOMARKERS
OF OSTEOARTHRITIS
A. Singh. Univ. of Calgary, Calgary NW, AB, Canada
Purpose: Osteoarthritis (OA) is a long-term chronic disease characterized by the deterioration of cartilages in joints, which Results
in bones rubbing together and creating stiffness, pain, and impaired
movement. The current diagnostic paradigms for OA are Magnetic
Resonance Imaging (MRI) and radiography. However, reliable evaluation of bone and joint conditions is an expensive, resource-consuming, lengthy procedure and has a long wait time. To overcome
these limitations, biochemical markers in the serum, urine, and
synovial ﬂuid can be measured and complement the existing
diagnostic techniques. Diagnostic markers are deﬁned by their
ability to classify individuals as either diseased or non-disease. In
OA, some of the promising biomarkers includes serum cartilage
oligomeric matrix protein (COMP), C-terminal telopeptide (uCTX-II),
and serum hyaluronan, interleukin (IL-1b), C-terminal cross-linking
telopeptide of type II collagen (CTX-II), and N-terminal type I collagen telopeptide (NTX). Despite extensive knowledge of these
biomarkers in OA, there is no device yet developed for detecting a
cohort biomarker together from bodily ﬂuids. Although traditional
ELISA-based analytical techniques have been developed to detect
biomarkers from the body ﬂuids, they cannot monitor the change
in the biochemical signals. Therefore, newer generation electrochemical sensors must be developed in the care of OA for the
detection, early diagnosis, and to monitor disease progression.The
proposed solution is implemented by following the below-listed
aims: Aim: To fabricate an electrochemical Biosensor device for
rapid and high-resolution detection of extracellular matrix protein
in the cartilage, COMP, serum Hyaluronan. The aim is further
divided into two stages: Aim 1: To develop a sensitive biosensor for
the detection of OA biomarkers. The selective biosensor was fabricated using gold electrodes ( commercially an available 3-electrode system with Gold as working, Platinum as a counter, and Ag/
AgCl as reference electrode) for sensing that can detect the levels
of extracellular matrix protein (COMP).Aim 2: Characterization of
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surface chemistry for detecting target COMP. Stable and repeatable DPV
signals obtained from the microdevice approves of using it for detecting
the target in different matrices.
Results: After optimizing the various parameters of the biosensor, it
was tested using DPV for different concentrations of the COMP antigen.
Additionally, to conﬁrm that this assay was selective to COMP antigen,
the biosensor was tested with anti-COMP 25ug/ml with 10ng/ml
Ubiquitin carboxy-terminal hydrolase L-1 (UCHL-1) protein, 10ng/ml
Neuron ﬁlament protein (NFL), 10ng/ml Bovine Serum Albumin in
phosphate buffer saline (pH 7.4). As can be seen that the difference
between the Blocking step peak current and all the proteins except
COMP have considerably low current value when compared with the
peak difference of blocking step (I0) and 10ng/ml of the COMP, which
shows that the biosensor is highly selective to the COMP antigen.

The surface modiﬁcation facilitates the antibody binding with the
antigen at Fab (fragment antigen-binding region) with -NH2 as a
functional terminal group. For high sensitivity, it is desired that the
antibody is aligned vertically so that all the Fab regions are available as a
binding site for antigens. For proper alignment of the antibody onto the
electrodes' surface, it is required to have a binding site for the Fc region
of the antibody provided by the surface modiﬁcation. The Fc region is
characterized by having a carboxylic (-COOH) functional group. Therefore the functional group on the surface needs to be an amine. Thiol
functional group based self-assembled monolayers (SAM) surface
chemistry generates active sites for antibody immobilization to achieve
easy and sensitive modiﬁed electrode's surface. 11-Mercaptoundecanoic acid (11-MUA) creates a carboxylic group when deposited on the
gold working electrodes. It is activated with a combination of crosslinker formed by [1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide]
(EDC) in combination with N-hydroxy succinimide (NHS), resulting in
stable amine-reactive NHS esters, followed by immobilization of 25ug/
ml antibody. Later, to block non-speciﬁc binding 0.01% bovine serum
albumin was used as a blocking agent. After incubating with BSA for 45
min, 10 ng mL-1 COMP protein prepared in PBS was allowed to bind
with the antibody. After incubating it for 30 min, the surface was
cleaned with PBS and ready for differential pulse voltammetry (DPV)
measurements in the presence of redox probes.
Aim-2: Electrochemical characterization of the biosensor: The Current
peak of DPV in the presence of redox probes remained relatively stable at
97 mA and 70 mA for Au and after surface modiﬁcation, respectively. With
the addition of a non-conducting antibody on the electrode’s surface, the
DPV peak current decreased by approximately 47 mA to 50mA. The signal
decreased to 25 mA after the incubation with 0.01% BSA and was followed
by the addition of 10 ng mL-1 COMP antigen. Figure showing (A) Au bare
(Red), (B) Surface modiﬁcation (green), (C) COMP antibody (blue), and (D)
BSA blocking (brown), (E) 10ng/ml COMP antigen. This decreasing trend
in the DPV conﬁrmed the successful fabrication of the biosensor. The
characterization and the SEM prove the reliable performance of the

Conclusions: The electrochemical biosensor thus fabricated is capable
of selectively detect the biomarker of OA for different concentrations of
the biomarker in serum, synovial ﬂuid providing a tool to monitor the
progression of the disease. Based on the experimental analysis, the
developed sensor can be used for the point-of-care detection of biomarkers in the clinical diagnostic centers. Besides being selective, the
biosensor is rapid (5 minutes of detection time ), reusable (or reversible), portable, and requires minimal sample processing prior to
analysis, simple to construct, the possibility to be mass-produced, costeffective, ease of use, feasible miniaturization, and subsequent portability, rendering them attractive for use as a high-performance
screening tool.
PRESENTATION NUMBER: 201
SEVEN-DAY
ACCELEROMETER-DERIVED
PHYSICAL
ACTIVITY
FEATURES ARE ASSOCIATED WITH MAGNETIC RESONANCE-BASED
MEASURES OF HIP CARTILAGE DEGENERATION
A. Bird, K.E. Roach, S. Majumdar, R.B. Souza. Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: To extract features of accelerometer-measured physical
activity proﬁles in individuals with and without radiographic hip
osteoarthritis (OA) using functional principal component analysis
(FPCA) and to relate these features to biomarkers of early degenerative
cartilage changes in the hip measured using magnetic resonance (MR)based T1r and T2 relaxation times.
Methods: Twelve subjects (age 54.8 ± 11.7 years, body mass index (BMI)
23.8 ± 3.2 kg/m2, 4 males) with varying degrees of radiographic hip OA
as deﬁned by Kellgren-Lawrence (KL) scores (KL0: n ¼ 2; KL1: n ¼ 7;
KL2: n ¼ 1, KL3: n ¼ 2) were selected from an ongoing longitudinal
study on the progression of hip OA. All subjects signed informed consent as approved by our institution’s Committee of Human Research.
Hip MR images were acquired on a 3T MR scanner (GE Healthcare)
using a 32-channel cardiac coil (Invivo Corp.) A 3D combined T1r /T2
sequence with echo time (TE) of 0/10.4/20.8/41.6 ms, duration of spinlocking pulse (TSL) of 0/15/30/45 ms, spin lock frequency ¼ 300 Hz, ﬁeld
of view of 14 cm, and resolution of 0.6 x 1.0 x 4.0 mm3 was used to
quantitatively assess the cartilage matrix. A single atlas-based method
was used to non-rigidly register the T1rand T2-weighted images and
automatically segment the femoral and acetabular cartilage volumes.
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Mean T1r and T2 relaxation times for the femoral and acetabular cartilage were computed by averaging all voxels in each volume. A single
AX6 triaxial accelerometer (Axivity) was adhered to the proximal
anterior thigh approximately 1/3 the distance from the greater trochanter to the lateral condyle of the dominant leg of each participant
using Tegaderm (3M). Activity data was collected at 200 Hz with a
dynamic range of ±16g over 7 days. AX6 data channels were ﬁltered
using a 4th order Butterworth band-pass ﬁlter at cutoff frequency 0.5 to
20 Hz in MATLAB (MathWorks). Resultant vector magnitudes were
calculated by taking the root sum square of the accelerations in the
three orthogonal axes. From the resultant vector magnitudes, total time
each participant spent in 1g resultant acceleration bins from 0-9g was
calculated. The upper limit of 9g was chosen because 98% of all accelerations fell below 9g. The number of minutes spent in each acceleration bin from 0-9g was log transformed and the 9 observations for
each subject were ﬁt to a function using B-spline basis functions. FPCA
used these functions to determine three modes of variation across all
subjects. Each subject received a FPC score for each mode of variation.
Linear regression models, adjusted for age, gender, and BMI, were used
to relate the FPC scores to femoral and acetabular T1r and T2 relaxation
times. FPCA and linear regression were performed in R (R development
core team, v 1.3.1093). A p-value of 0.05 was considered signiﬁcant.
Results: Of the three PC modes that were run, PC1 explained 91.80% of
the variance, PC2 7.21%, and PC3 0.99%. PC1 and PC2 were separately
evaluated for relationships with cartilage relaxation times using linear
regression, however PC3 was not included in any regression model due
to it explaining only a small amount of variance. PC1 demonstrated
slope differences at low accelerations and a magnitude shift for moderate-to-high accelerations (Figure 1). PC1 was signiﬁcantly positively
related to acetabular T2 relaxation times (b ¼ 1.031, p ¼ 0.015), and
along with covariates, demonstrated a moderately strong and signiﬁcant relationship (adjusted R2 ¼ 0.583, p ¼ 0.034). PC1 was a signiﬁcantly positively related to acetabular T1r relaxation times (b ¼
0.896, p ¼ 0.045), but the overall model demonstrated a moderately
strong and non-signiﬁcant relationship (adjusted R2 ¼ 0.458, p ¼
0.079). Although the linear regression models adjusted for covariates,
the covariates were not signiﬁcantly related to T1r or T2 relaxation
times. Figure 1 shows two example subjects with high and low PC1
scores and corresponding acetabular T1r and T2 relaxation times are
shown in Table 1. These subjects were chosen to demonstrate the
positive relationship between PC1 scores and cartilage relaxation times.
PC1 was not signiﬁcantly related to femoral T1r or T2 relaxation times.
PC2 was not signiﬁcantly associated with cartilage relaxation times.
Conclusions: Individuals who spent less time in moderate-to-high
accelerations demonstrated worse acetabular cartilage health (higher
T2 relaxation times indicate greater disorganization of collagen ﬁbrils
and increased water content). These Results suggest that those individuals with more advanced cartilage degeneration may be less physically active and, more speciﬁcally, may engage in less moderate-tohigh impact activities throughout the week. Additionally, this study
highlights the importance of measuring activity at high accelerations, as
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Subject

PC1 Score

Acetabular T1r(ms)

Acetabular T2 (ms)

P009
P034

3.334
-7.081

40.303
35.567

34.299
27.880

Table 1

PC1 scores and cartilage
relaxation times corresponding
to Figure 1.
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andCartilage

patterns in activity proﬁles associated with cartilage health diverged
substantially beyond 2g accelerations. Many commercially available
accelerometers have limited dynamic ranges which measure approximately ±2g and therefore may not capture differences in activity proﬁles among patients. Strengths of this study include the use of a high
dynamic range and sampling rate in order to calculate time spent at
various accelerations, as these higher accelerations occur rapidly and
may be washed out by techniques that employ resampling or averaging
over speciﬁed epoch lengths. Future studies will be necessary to
determine if these changes in cartilage composition occur prior to
decreases in physical activity intensity. Speciﬁcally, future studies
should evaluate physical activity proﬁles, patient-reported pain, and
cartilage changes longitudinally in order to determine whether such
changes in physical activity proﬁles may contribute to cartilage
degeneration, or whether a shift toward less participation in highintensity activity is a result of worsening pain and physical impairment.
PRESENTATION NUMBER: 202
CROSS-BODY LUNGE KINETICS AT MAXIMUM LUNGE DEPTH DO NOT
STATISTICALLY DIFFER BETWEEN INDIVIDUALS WITH AND WITHOUT
CAM AND/OR PINCER MORPHOLOGY
A. Graffos 1, M. Mohtajeb 2, 3, M. Mony 4, J.-F. Esculier 5, J. Cibere 4, 6,
D. Wilson 3, 7, C. Zhang 8, S. Zakani 9, M. Hunt 1. 1 Motion Analysis and
Biofeedback Lab., Univ. of British Columbia, Vancouver, BC, Canada;
2
Sch. of BioMed. Engineering, Univ. of British Columbia, Vancouver, BC,
Canada; 3 Ctr. for Hip Health.and Mobility, Univ. of British Columbia,
Vancouver, BC, Canada; 4 Arthritis Res. Canada, Richmond, BC, Canada;
5
Dept. of Physical Therapy, Univ. of British Columbia, Vancouver, BC,
Canada; 6 Dept. of Med., Univ. of British Columbia, Vancouver, BC,
Canada; 7 Dept. of Orthopaedics, Univ. of British Columbia, Vancouver,
BC, Canada; 8 Cumming Sch. of Med., Univ. of Calgary, Calgary, AB,
Canada; 9 Dept. of Pediatrics, Univ. of British Columbia, Vancouver, BC,
Canada
Purpose: Femoroacetabular impingement is a motion-related phenomenon that may or may not present with hip pain after undergoing
movements that involve end-range hip ﬂexion, adduction, and/or
internal rotation. Radiographic features of femoroacetabular impingement - cam and/or pincer morphology (CPM) - are quite common in the
sporting population, but biomechanical analysis of sport-speciﬁc
movements in those with CPM is sparse. While previous research on
these movements have generally shown no statistical differences
between CPM and non-CPM populations, between-group differences in
some kinetic parameters like a smaller external hip ﬂexion moment in
the painful CPM population (when compared to controls) during the
deep squat have been reported in a few studies. These ﬁndings have
important rehabilitative implications as they could indicate the use of
compensatory movements like decreased utilization of the hip extensor
muscles to avoid impingement-provoking positions or large hip contact
forces. Furthermore, there is a lack of research on sport-speciﬁc
movements that involve end-range hip tri-planar motion. These
movement characteristics need to be considered as they increase the
likelihood that femoroacetabular impingement occurs, which could
lead to ﬁnding more performance differences that other studies have
not found to date, and to better understanding the limitations individuals with CPM have while playing sports. Thus, the purpose of this
exploratory study was to compare the lower limb kinetics at maximum
lunge depth during the cross-body lunge between individuals with and
without CPM.
Methods: A single biomechanical session was conducted on 33 participants from the Investigations of Mobility, Physical Activity, and
Knowledge Translation in Hip Pain (IMPAKT-HIP) study: CPM and hip
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pain (n¼9): CPMþ; CPM and no hip pain (n¼13): CPM-; and no CPM or
hip pain (n¼11): controls. Each participant performed a 45 cross-body
lunge at a self-selected speed and distance with their study limb as the
lead limb only. The study hip was deﬁned as the hip that exhibited CPM
(alpha angle >55 , lateral centre edge angle >40 , and/or presence of
crossover sign) and the hip with the most pain (if bilateral involvement); if pain in each hip was not present, then the study hip was
randomly chosen. All biomechanical outcomes were assessed at maximum lunge depth, which was measured as the peak knee ﬂexion
achieved by the lead limb. External hip sagittal and frontal plane
moment, external knee and ankle sagittal plane moment, and the lead
and trail limb vertical ground reaction force (vGRF) were calculated
from 5 lunge trials. Joint moments were normalized to %body weight
(BW)*height (Ht) and vGRFs were normalized to BW. Normality and
homogeneity of variance were examined for all biomechanical data, and
one-way analyses of variances (ANOVAs) were conducted to calculate
between-group differences (with Tukey-Kramer as a post-hoc test). An
alpha level of 0.05 was used for all comparisons. Hedge’s g effect sizes
were also calculated, where 0.20, 0.50, and 0.80 were considered small,
medium, and large effect sizes, respectively.
Results: Thirty-three individuals participated in this study (CPMþ: 6
females, aged 51.1 years (SD 3.6 years), BMI 24.2 kg/m2 (4.5); CPM-: 8
females, aged 48.7 years (SD 7.3 years), BMI 26.6 kg/m2 (4.1); controls: 9
females, aged 48.3 years (SD 7.3 years), BMI 23.9 kg/m2 (3.2)). The
CPMþ group had statistically signiﬁcantly lower scores on all six subscales of the Copenhagen Hip and Groin Outcome Score compared to
the CPM- and control groups. No statistically signiﬁcant differences
were found for any biomechanical outcome between the 3 groups.
Discrete values of all biomechanical data and omnibus ANOVA p values
are summarized in Table 1. Medium effect sizes of 0.59 and 0.50 were
found for external hip sagittal plane moment and lead limb vGRF,
respectively, when comparing the CPMþ and CPM- groups. When
examining the CPMþ and control group comparison, medium effect
sizes (ranged from 0.51-0.77) were found for the external hip, knee, and
ankle moments, and for lead limb vGRF, with the lead limb vGRF having
the largest effect size value. Finally, apart from computing an effect size
of 0.01 for the external hip sagittal plane moment, small effect sizes
were found for every other outcome when comparing the CPM- and
control groups.
Conclusions: The Results of this study largely agree with previous literature, in that biomechanical performance of a sport-speciﬁc movement, like the cross-body lunge, is not statistically signiﬁcantly different
between CPM and non-CPM populations. Finding medium effect sizes
for external hip sagittal plane moment and lead limb vGRF calls for
future research to further examine these outcomes in the lunge because
smaller values in those with CPMþ has clinical relevance for rehabilitation and sport performance as potential pain avoidance strategies.

Outcome

Controls
(outcome
value (SD))

p values

6.70 (2.15)
3.40 (0.77)
-5.83 (1.11)
3.07 (1.41)

6.67 (2.69)
3.62 (1.05)
-6.20 (0.83)
3.40 (1.26)

0.344
0.369
0.454
0.554

0.75 (0.07)
0.32 (0.05)

0.79 (0.12)
0.34 (0.07)

0.136
0.566

CPM+ (outcome CPMvalue (SD))
(outcome
value (SD))

External joint moments:
Hip sagittal plane
5.23 (2.76)
Hip frontal plane
2.98 (1.21)
Knee sagittal plane -5.63 (1.09)
Ankle sagittal plane 2.78 (1.06)
Vertical ground reaction forces:
Lead limb
0.70 (0.10)
Trail limb
0.35 (0.08)

For moments: (+) values indicate hip ﬂexion and adduction, knee extension,
ankle dorsiﬂexion; (-) values indicate hip extension and abduction, knee ﬂexion, ankle plantarﬂexion.
Results are considered signiﬁcant if p<0.05.

External joint moments (%
BW*Ht) and vertical ground
reaction forces (BW).
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PRESENTATION NUMBER: 203
DOES MEDIAL-TO-LATERAL TIBIAL BONE MINERAL DENSITY RATIO
CHANGE
FOLLOWING
SIX
WEEKS
OF
TWICE
WEEKLY
NEUROMUSCULAR
EXERCISE
IN
PATIENTS
WITH
KNEE
OSTEOARTHRITIS?
J.R. Pedersen 1, S.T. Skou 1, E.M. Roos 1, H.S. Sekhon 1, K.P. Gad 1,
N. Shakoor 2, J.B. Thorlund 1. 1 Univ. of Southern Denmark, Odense,
Denmark; 2 Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Knee osteoarthritis (OA) is characterized by increased subchondral bone mineral density (BMD). At the knee joint, proximal tibial
BMD is associated with dynamic joint loads, and thereby serves as a
surrogate structural marker of altered joint loading patterns. Neuromuscular exercise is an effective means of altering knee joint biomechanics as well as improving pain and function in people with knee
OA. However, the mechanisms underlying reductions in pain following
exercise therapy are poorly understood. One potential mechanism for
the effect of exercise therapy is decreased mechanical knee joint loading. The aim of this study was to investigate if a neuromuscular exercise
intervention was able to alter medial-to-lateral knee joint loading
patterns assessed by Dual-Energy X-ray Absorptiometry (DXA) in
patients with knee OA.
Methods: Participants with symptomatic knee OA were evaluated
before and 26 weeks after a 6-week supervised neuromuscular exercise
and patient education program (Good Life with osteoaArthritis in
Denmark (GLA:D®)). Participants underwent DXA scanning of the most
affected knee where BMD of the medial and lateral regions of the tibial
plateau were assessed using a previously validated method. The
medial-to-lateral tibial BMD ratio was calculated, where a BMD ratio
above one indicated higher medial compartment load, and a BMD ratio
below one indicated higher lateral compartment load. To evaluate
improvements in physical function and patient-reported knee pain, we
used the 30-second chair stand test, the 40-meter fast paced walk test,
and the pain subscale of the Knee injury and Osteoarthritis Outcome
Score (KOOS). Paired t-tests were used to evaluate changes from baseline to follow-up in medial-to-lateral tibial BMD ratio, patient-reported
knee pain, and physical function measures. Subgroup analyses were
performed using un-paired t-tests stratifying by exercise compliance
(full compliance (12 attended session)/partial compliance (<12 attended sessions)) and if patients continued exercising after the intervention (continued/discontinued). As the minimal clinical important
change in medial-to-lateral tibial BMD ratio is unknown, we used the
Smallest Detectable Change (SDC) for sample size calculation. Based on
test-retest data from our laboratory, the SDC of the medial-to-lateral
tibial BMD ratio was estimated to be 0.11 in knee OA patients. Applying
the formula SDC/√n (n¼number of subjects in the paired sample), 30

Medial-to-lateral
tibial BMD
ratio, mean (SD)
Medial tibial BMD,
mean (SD)
Lateral tibial BMD,
mean (SD)
KOOS pain, mean (SD)
30-seconds chair
stand test,
stands; mean (SD)
40-meter fast paced
walk test,
m/s; mean (SD)

Baseline
(n¼30)

Follow-up Difference (95% CI) and P
(n¼30)

1.19 (0.3)

1.22 (0.3)

0.03 (-0.01 to 0.07) p¼0.201

1.18 (0.3)

1.18 (0.3)

0.004 (-0.06 to 0.07) p¼0.910

0.99 (0.2)

0.98 (0.2)

0.007 (-0.04 to 0.06) p¼0.766

56.9 (16.8) 69.1 (19.4) 12.2 (6.4 to 18.1) p¼<0.001
11.9 (3.2) 13.4 (3.2) 1.5 (0.4 to 2.6) p¼0.009

1.7 (0.3)

1.8 (0.3)

0.14 (0.07 to 0.2) p¼<0.001

Changes in tibial BMD, KOOS
pain, 30-seconds chair stand
test, and 40-meter fast paced
walk test
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Change in medial-to-lateral tibial BMD ratio, mean (95% CI)
Change in medial-to-lateral tibial BMD ratio, mean (95% CI)
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Full compliance (n¼20)

Partial compliance (n¼9)

Difference (95% CI) and P

-0.01 (-0.04 to 0.04)
Continued exercise (n¼25)
0.02 (-0.03 to 0.07)

0.07 (-0.02 to 0.15)
Discontinued exercise (n¼5)
0.06 (0.00 to 0.11)

0.07 (-0.01 to 0.15) p¼0.074
Difference (95% CI) and P
0.04 (-0.08 to 0.15) p¼0.502

Subgroup analyses stratifying by exercise compliance and continued exercise

patients allowed us to detect a change of 0.02 corresponding to 1.8% in
medial-to-lateral tibial BMD.
Results: A total of 30 participants (21 females, mean age 64 ± 7.9 years)
were included in the study. From baseline to 26-weeks follow-up, the
participants reported a mean KOOS pain improvement of 12.2 (95% CI
6.4 to 18.1) (Table 1). The participants improved in the 30-second chair
stand test with 1.5 stands (95% CI 0.4-2.6) and in the 40-meter fast
paced walk test by 0.14 m/s (95% CI 0.07-0.2) (Table 1) from baseline to
follow-up. Medial-to-lateral tibial BMD ratio increased by 2.5% (indicating higher medial load) from baseline to 26-weeks follow-up, but
this was not statistically signiﬁcant (p¼0.201) (Table 1). In subgroup
analyses participants with partial compliance seemed to have a change
indicating higher medial load compared to those with full compliance
(p¼0.074), whereas no difference in change in medial-to-lateral tibial
BMD ratio was observed between participants with continued vs discontinued exercise after treatment (p¼0.502) (Table 2).
Conclusions: Following six weeks supervised exercise and 2 patient
education sessions we observed improvements in patient-reported knee
pain and physical function comparable to what has previously been
reported following GLA:D® in patients with knee OA. However, medial-tolateral joint loading assessed as the medial-to-lateral tibial BMD ratio did
not seem to be altered. Acknowledging the limitations of the study,
including lack of control group and the short exercise intervention period,
the presented Results should be interpreted with caution.
PRESENTATION NUMBER: 204
THE THERAPEUTIC EFFECTS OF TREADMILL EXERCISE
OSTEOARTHRITIS IN RATS BY WNT/Β-CATENIN PATHWAY

ON

J. Lin, D. Zhao, K. Tao, J. Lin, Q. Liu. Peking Univ. People’s Hosp., Beijing,
China
Purpose: Our previous studies have proved that moderate-intensity
treadmill exercise can alleviate OA in rats, but the underlying mechanism of exercise therapy needs further research. The Wnt/b-catenin
signaling pathway can regulate the effects of mechanical stimulation on
cartilage cells and healthy joints, and there is a delicate balance
between the occurrence and development of OA. Based on this, we
speculate that Wnt/b-catenin signaling pathway is involved in exercise
therapy for OA
Methods: In order to verify this conjecture, we applied mechanical
stimulation to the joints of OA modeled rats through a treadmill and
injected activators BIO and inhibitors IWP-2 of the Wnt/b-catenin signaling pathway into the joint cavity of the rats to interfere with Wnt/b
-catenin signaling pathway. OA development was examined using the
gait test,histological and immunohistochemical analyses, micro-computed tomography (micro-CT) analysis at 4 weeks and 12 weeks after
injection.
Results: We found that both the BIO and IWP-2 groups signiﬁcantly
improved gait and inhibited cartilage destruction and osteophyte formation at 4 weeks, but there was no signiﬁcant change at 12 weeks.
Conclusions: These investigations revealed that Wnt/b-catenin signaling pathway involved in the effect of mechanical stimulation on OA
is time-dependent. Once it cannot be maintained, Wnt/b-catenin signaling pathway cannot participate in the process.
PRESENTATION NUMBER: 205
ABNORMAL SUBCHONDRAL TRABECULAR BONE REMODELING IN
KNEE OSTEOARTHRITIS UNDER THE INFLUENCE OF KNEE
ALIGNMENT
X. Han, M. Yan, Z. Yu. Shanghai Ninth People's Hosp., Shanghai Jiao Tong
Univ. Sch. of Med., Shanghai, China

Osteoarthritis
andCartilage

Purpose: This study aimed to investigate the abnormal subchondral
trabecular bone (STB) remodeling in knee osteoarthritis (OA) under the
inﬂuence of knee alignment [hip-knee-ankle (HKA) angle].
Methods: Forty-one patients with knee OA underwent radiographic
examination before total knee arthroplasty (TKA) for the measurement
of HKA angle. Tibial plateau specimens obtained during TKA were used
for histomorphometric analyses to assess STB remodeling and cartilage
degradation. Tartrate-resistant acidic phosphatase (TRAP) staining was
used to test osteoclast activity. Osterix, osteocalcin, and sclerostin
expression in the STB were determined using immunohistochemistry.
Results: The HKA angle was signiﬁcantly correlated with all STB
remodeling and microstructural parameters (P < 0.05). The STB with the
deviation of the knee alignment was accompanied by obvious abnormal
bone remodeling and microstructural sclerosis. In addition, the osteoid
thickness, percent osteoid surface, ratio of osteoid surface to eroded
surface, HKA angle, and all microstructural parameters were signiﬁcantly correlated with the Osteoarthritis Research Society International (OARSI) score for cartilage degradation (P < 0.05), unlike percent
eroded surface. An increase in the OARSI score was associated with STB
formation and microstructural sclerosis. Moreover, the tibial plateau
affected by alignment had more TRAPþ osteoclasts, Osterixþ osteoprogenitors, and osteocalcinþ osteoblasts and fewer sclerostinþ
osteocytes.
Conclusions: The variation of tibial plateau STB remodeling activity and
microstructure was associated with HKA angle and cartilage degradation. Knee malalignment may cause abnormal STB remodeling and
microstructural sclerosis, which may potentially affect load stress
transmission from the cartilage to the STB, thus resulting in accelerated
knee OA progression.
PRESENTATION NUMBER: 206
CUMULATIVE LOADING IN INDIVIDUALS WITH NON-TRAUMATIC
LOWER LIMB AMPUTATION, INDIVIDUALS WITH DIABETES
MELLITUS, AND HEALTHY INDIVIDUALS
H. Davis-Wilson 1, B. Gaffney 2, A. Murray 3, C. Christiansen 1. 1 UC
Anschutz Med. Campus, Aurora, CO, USA; 2 UC Denver, Denver, CO, USA;
3
Univ. of Toledo, Toledo, OH, USA
Purpose: Over one million individuals live with a lower limb amputation (LLA) in the United States, with 80% of those amputations caused by
non-traumatic etiologies including vascular complications from severe
diabetes mellitus (DM). Individuals with DM and unilateral LLA
(DMþLLA) and individuals with DM who have not undergone LLA (DM
group) demonstrate alterations in gait biomechanics compared to
healthy individuals (healthy group). This indicates gait alterations in
individuals with DMþLLA may be inﬂuenced not only by prosthesis use
but also by mobility limitations present with severe DM. Additionally,
individuals with DMþLLA and individuals with DM engage in fewer
daily steps compared to age-matched controls. Physical activity is vital
to long-term health and mortality risk; however, greater volume of
physical activity coincides with greater lower extremity cumulative
loading (product of daily step count and vertical ground reaction force
[vGRF]). Overloading of the lower extremity during gait is a potential
concern following LLA, as knee osteoarthritis in the contralateral limb
and hip osteoarthritis in the ipsilateral limb are two of the most common secondary physical conditions that occur in individuals following
an LLA. However, most studies have evaluated loading of the lower
extremity over a single step measured in a motion capture laboratory. It
remains unknown if overloading is a concern in this population when
considering the number of daily steps by measuring cumulative loading. Avoiding cumulative overloading in both limbs may allow
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individuals with DMþLLA and individuals with DM to safely increase
physical activity via greater daily steps without increasing risk of
osteoarthritis in multiple joints. Therefore, the purpose was to determine if differences existed in cumulative loading between individuals
with DMþ LLA, individuals with DM, and healthy individuals of similar
age. We hypothesized cumulative loading in the amputated limb and
the intact limb of the DMþLLA group would be lower compared to the
individuals with DM and healthy individuals, driven by the expected
reduction in total daily steps.
Methods: Six individuals with DMþLLA (BMI: 29.2±2.5, Age: 58±6, 6
males), six individuals with DM (BMI: 30.8±3.2 kg/m, Age: 61±8 years, 5
males), and 11 healthy individuals (BMI: 26.5±2.9, Age: 61.9±7.8, 8
males) completed all parts of the study. Participants performed three
walking trials over a 10m runway with two embedded force plates. All
trials were conducted at a walking speed of 1.0 m/s. Peak vGRF in the
ﬁrst 50% of stance was averaged over the three trials and normalized to
body weight (BW). Daily steps were collected over a 10-day period with
an ActiGraph GT3X accelerometer placed on the right hip. A valid-wear
period was considered a minimum of four days (three weekdays and
one weekend day) and no less than 10 hours/day. Daily steps were
averaged over all valid-wear days during the valid-wear period.
Cumulative loading for each limb was calculated with the following
formula: Cumulative Loading¼(Daily Steps/2)Peak vGRF. For individuals
with DMþLLA, we designated the amputated limb as the involved limb
and the intact limb as the uninvolved limb. 50% of the DMþLLA cohort
underwent amputation on their right limb; therefore, we randomly
assigned the right limb as the involved limb and the left limb as the
uninvolved limb for 54% of the DM group and healthy group. For the
other 46% of the DM group and healthy group, we assigned the left limb
as the involved limb and the right limb as the uninvolved limb. One-way
analyses of variance (ANOVA) were conducted with cumulative loading
as the dependent variable and group (DMþLLA, DM, and healthy) as the
independent variable. Tukey HSD post-hoc analyses were utilized to
perform multiple comparisons in the event of a signiﬁcant difference in
cumulative loading between groups.
Results: Differences in cumulative loading existed between groups on
the involved limb (F (20,2) ¼6.10, P¼0.009) and the uninvolved limb (F
(20,2) ¼ 6.74, P¼0.006). Post-hoc analyses showed the DMþLLA group
demonstrated lesser cumulative loading in the involved limb (mean±SD:
2263±527 BW/day) compared to the healthy group (4156±1329 BW/day,
P¼0.011); however, there was no difference in involved limb cumulative
loading between the DMþLLA group and DM group (2804±1197 BW/
day, P¼0.696) or between the DM group and healthy group (P¼0.075).
Similarly, the DMþLLA group demonstrated lesser cumulative loading in
the uninvolved limb (mean±SD: 2203±577 BW/day) compared to the
healthy group (4151±1281 BW/day, P¼0.007); however, there was no
difference in cumulative loading of the uninvolved limb between the
DMþLLA group and the DM group (2808±1151 BW/day, P¼0.620) or
between the DM group and healthy group (P¼0.067).
Conclusions: No differences existed in lower-limb cumulative loading
between the DMþLLA and DM groups, suggesting reduced cumulative
loading in individuals with DMþLLA may be driven by physical activity
reductions related to DM, rather than prosthesis use alone. The DMþLLA
group demonstrated lesser cumulative loading on the involved limb and
uninvolved limb compared to healthy individuals, indicating cumulative
overloading may not be a concern with the current cohort. However,
cumulative underloading can also be detrimental due to limited stimulus
for promoting bone and joint health structure. Increasing physical
activity without risking cumulative overloading should be an important
component to consider in individuals with DMþLLA. Future studies
should evaluate cumulative loading at self-selected speed, as greater
walking speed associates with greater peak vGRF. Although we normalized peak vGRF to BW in the current study, non-normalized peak
vGRF may be important to consider when evaluating cumulative loading, as individuals with a greater mass will demonstrate greater absolute
peak vGRF. Evaluating loading of the lower extremity utilizing a more
sensitive measure like joint contact force may further elucidate the
importance cumulative loading following LLA.
PRESENTATION NUMBER: 207
VALGUS MALALIGNMENT INDUCES OSTEOARTHRITIS IN THE OVINE
STIFLE JOINT
A. Fusco 1, K.M. Hohl 2, 3, K.M. Even 1, A. Joenathan 3, M.W. Grinstaff 3,
T.P. Schaer 1, B.D. Snyder 2. 1 Univ. of Pennsylvania, Kennet Square, PA,

USA; 2 Beth Israel Deaconess Med. Ctr., Boston, MA, USA;
Boston, MA, USA

3

Boston Univ.,

Purpose: Osteoarthritis (OA) is a chronic, debilitating, synovial joint
disease that progressively degrades hyaline cartilage. Biochemical,
mechanical, metabolic, and genetic factors have been etiologically related to OA. Classically, mechanical injury incites an inﬂammatory
response mediated by a cascade of cytokines produced by a variety of
cells including chondrocytes, which activate release of catabolic
enzymes from macrophages, neutrophils, lymphocytes and synovial
lining cells that degrade the constituents of cartilage responsible for the
tissue’s mechanical performance. Most well-characterized models for
OA focus on inducing post-traumatic arthritis by creating internal
derangement/joint instability or discrete chondral contusions. However,
these models require an arthrotomy; surgically violating the joint produces hemarthrosis, which incites synovitis, independent of the biomechanics of the imposed injury. While these models instigate rapid
onset of cartilage degradation, they may not replicate the multifaceted
clinical nature of OA pathogenesis and treatment. To overcome these
shortcomings, we report an animal model for the conditional induction
of OA predicated on a common etiology of human gonarthritis, malalignment of the knee mechanical axis which incites OA by applying
excessive compression to the cartilage comprising the medial or lateral
femoral-tibial compartment. Re-aligning the knee mechanical axis to
unload the affected femoral-tibial compartment and decrease the
compressive stress has been used clinically for decades, stimulating
partial reconstitution of the injured cartilage. Therefore, to incite early
OA, without surgically violating the joint integrity, we produced valgus
malalignment in the ovine stiﬂe joint using a hinged external ﬁxator (Fig
1A). After 6 weeks, the malalignment was released, simulating surgical
correction. Synovial ﬂuid (SF) was analyzed serially for pro-inﬂammatory cytokines at two-week time intervals for 10 weeks, and contrastenhanced CT (CECT) imaging using a cationic, iodinated contrast probe,
CA4þ, to detect tissue glycosaminoglycan (GAG) content was performed
at 6 and 28 weeks, thereby enabling quantiﬁcation of inﬂammatory and
morphological changes induced by altered joint mechanics.
Methods: All procedures were approved by the institutional IACUC.
After inducing general anesthesia, a hinged external ﬁxator (DePuy
Synthes) was mounted laterally across the left femorotibial joint of a
skeletally mature female sheep using standard surgical technique. The
ﬁxator hinge was aligned co-axial to the isocentric center of rotation of
the knee joint, determined dynamically under ﬂuoroscopic guidance.
Following drilling of pilot holes into the meta-diaphysis of the distal
femur and proximal tibia, four 5mm diameter, self-tapping, hydroxyapatite-coated Schanz screws (SELFDRILL, DePuy Synthes) were
inserted to anchor the carbon ﬁber rods comprising the articulating
ﬁxator along the longitudinal axis of the femur and tibia. Genu valgus
(12 ) was generated by asymmetrically mounting the tibial carbon ﬁber
rod relative to the femur. Local and systemic antibiotics were administered to prevent/treat pin track infection. The knee joint was imaged
radiographically at 1, 2 and 4 weeks after surgery to monitor joint
malalignment and compression of the lateral femorotibial compartment. At six weeks, the external ﬁxator frame was removed. SF was
aspirated from the left stiﬂe joint immediately after placement of the
ex-ﬁx apparatus and then every other week for 10 weeks, and from the
right stiﬂe joint (contra-lateral control) at 6 and 10 weeks. A proinﬂammatory cytokine immunoassay was performed on all SF samples
(MILLIPLEX® Ovine Cytokine/Chemokine Magnetic Bead Panel). Baseline CT imaging (CereTom, Samsung Neurologica) was performed on
both knees, followed by intra-articular injection of CA4þ (12 mg I/mL)
and repeat CT imaging after 24 hours to reach equilibration (AnalyzeDirect). A two-tailed unpaired t-test (p < .0001) was used for
analysis of the CT data (GraphPad Prism).
Results: Narrowing of the lateral femorotibial joint space was observed
radiographically in response to the applied genu valgum (Fig 1A&B). The
malalignment provoked a substantial increase in both plasmatic and
synovial ﬂuid levels of proinﬂammatory cytokines (IL-1a, IL-1b, TNFa,
IFNg, VEGF-A, MIP-1a) over the 6 weeks that the external ﬁxator was insitu (Fig 1D). The SF concentration of IL-6 increased rapidly over the ﬁrst
four weeks post-op, indicating a strong local inﬂammatory response to
the placement of the ﬁxator. Clinically there was a knee effusion, and the
sheep was lame, with only partial weight bearing on the left leg. After
ﬁxator removal and release of the applied malalignment, the lameness
improved, and the joint effusion resolved. Proinﬂammatory cytokines in
both the plasma and SF returned to normal by week 10, except for IL-4,
which remained elevated in the synovium. By 7 months post-surgery,
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plasmatic levels of IL-10, MIP-1a, and IL-1a increased relative to week 10.
CA4þ CECT portrayed a decrease in the GAG content of both the medial
and lateral femorotibial compartment cartilage post-surgery (Fig 1C),
which continued to decline through the end of the study. At necropsy,
there was no synovitis, and the joint cartilage was scored as Outerbridge
0-1 throughout all compartments of both knees.
Conclusions: We present a new pre-clinical animal model that induces
clinical gonarthritis by producing malalignment of the knee mechanical
axis similar to that observed in humans. While reversal of the valgus
malalignment Results in return to a normal gait pattern, relief of the
knee effusion, and mitigation of proinﬂammatory cytokines in the
synovial ﬂuid linked to OA pathogenesis, the decrease in these markers
alone is insufﬁcient to arrest progression of GAG depletion, an early
hallmark of OA. The persistence of increased pro-inﬂammatory biomarker (IL-1a, TNFa, MIP-1a) in plasma is consistent with bone marrow
lesions associated with cartilage loss and the GAG depletion observed
with CA4þ CECT. On the other end, the persistent increase in cytokines
with an anti-inﬂammatory function, both in plasma (IL-10) and synovial
ﬂuid (IL-4), is consistent with the attempt to balance cartilage catabolism and increase chondrocytes’ anabolic activity to restore homeostasis. In conclusion, the results of this pilot study indicate that the
correction of pathoanatomy alone may be inadequate to abrogate the
deleterious biological effects of the injury on chondrocyte metabolism
and anabolic function. The continued loss of GAG even after reversal of
the inciting mechanical etiology demonstrates the inability of hyaline
cartilage to self-repair. This model enables parametric analysis of the
relative effectiveness of: 1) correcting the inciting mechanical etiology;
2) neutralizing catabolic enzymes by arthroscopic joint lavage; 3)
abrogating the inﬂammatory cascade (intra-articular steroids); and 4)
reconstituting injured hyaline cartilage by tissue engineering and
regenerative medicine interventions.

PRESENTATION NUMBER: 208
GAIT MODIFICATIONS OCCUR EVEN WITH MILD TO MODERATE
UNILATERAL KNEE PAIN: A MACHINE LEARNING APPROACH USING
WEARABLE SENSORS IN THE MULTICENTER OSTEOARTHRITIS STUDY
K.L. Bacon 1, S.R. Jafarzadeh 1, V.B. Kolachalama 1, J.M. Hausdorff 2,
E. Gazit 2, D. Kumar 1, N.A. Segal 3, C.E. Lewis 4, M.C. Nevitt 5,
D.T. Felson 1. 1 Boston Univ. Sch. of Med., Boston, MA, USA; 2 Tel Aviv Univ.,
Tel Aviv, Israel; 3 Univ. of Kansas Med. Ctr., Kansas City, KS, USA; 4 The Univ.
of Alabama Sch. of Med., Birmingham, AL, USA; 5 Univ. of California, San
Francisco, CA, USA
Purpose: Unilateral knee pain due to knee osteoarthritis (OA) is
hypothesized to alter loading patterns across both knees and contribute
to onset of OA in the contralateral knee. Most persons who start with
unilateral knee pain from OA eventually develop bilateral OA. However,
prior studies do not provide information on whether alterations in
walking patterns are evident in early disease when the pain is mild or
moderate. This could allow for early interventions for those at risk. Prior
studies also rely on pre-selected features to describe gait characteristics
that can miss important information. We used applied machine learning (ML) approaches to gait data collected in a large epidemiological
cohort to identify early markers of gait alterations in people with mild
to moderate OA.
Methods: We carried out a cross-sectional analysis comparing individuals with mild/moderate unilateral knee pain while walking to those
without knee pain from among the roughly 2,800 subjects participating
in the 144-month clinic visit (2016-2018) of the Multicenter Osteoarthritis (MOST) study. MOST is an NIH-funded cohort study of persons
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age 45 to 90 with, or at risk for, knee OA. At the 144 month clinic visit we
recruited a new cohort of 1500 persons with at most mild radiographic
OA and knee pain that was not both constant and severe. Participants
completed a 20-meter walk test, during which they wore inertial sensors on their trunk and ankles. Gait parameters describing spatiotemporal features (e.g., step length, velocity, cadence, stride time,
double stance time, swing time), gait symmetry (e.g., step acceleration
symmetry, phase coordination index, swing time symmetry), and gait
variability (e.g., step regularity, entropy) were collected. We selected
participants who reported mild or moderate unilateral pain on walking
in the past 30 days on WOMAC and compared them to others who
reported no pain on walking over that period. We limited gait data to
20-meter walking trials with gait speed ranging from 0.3 to 2.3 msec.
We used an ensemble machine learning technique (“super learning”) to
identify the most important variables associated with the presence/
absence of mild-moderate unilateral knee pain during walking. The
variables included for possible selection by the super learning process
included all inertial sensor variables during gait, age, BMI, CES-D, sex,
and radiographic OA status. Super learner uses a multi-fold cross-validation to select the optimal combination of algorithms (Table 1 footnote) that achieves a predictive accuracy superior to any single machine
learning method. Data was randomly split into 80% training and 20%
test sets. To increase robustness, the random data split and model
training (development) and testing (evaluation) were repeated 100
times. We used a variable importance measure (VIM) statistic to identify the top 10 variables that most frequently contributed to the prediction of unilateral knee pain across 100 runs. The area under the curve
(AUC) was calculated for each run. The most important variables
identiﬁed by the super learning process were used to build multivariable logistic regression models to evaluate the association of these
variables with the presence of mild-moderate unilateral knee pain
during walking. Possible confounders, such as age, BMI, and sex, were
also tested in models.
Results: Our study sample included 2057 participants (mean age 63.6
[SD: 10.5] years, 57% female) for whom we had 20m walk test data.
These data included 1 to 2 walking trials per participant [for 4106
walking trial records]. 25.7% of participants had mild or moderate
unilateral pain while walking. The median area under the receiver
operating curve (AUC) across 100 runs among persons with radiographic OA (AUC ¼ 0.74; 2.5- and 97.5-th percentile: [0.73, 0.76]) and
without OA (AUC ¼ 0.73; [0.72, 0.76]) were similar. The top contributing
gait parameters for unilateral knee pain based on the VIM statistic
(Table 1) included measures of gait variability where higher values
indicate fewer gait impairments. This included step regularity, a
measure of regularity of the acceleration between consecutive steps,
and sample entropy, a measure quantifying complexity in a time series.
Other important variables included demographic/lifestyle variables,
gait speed, BMI, CES-D, and age. The “most important predictors”
chosen were similar with and without the inclusion of radiographic OA
status as a potential predictor. Despite the focus on unilateral knee pain,
traditional measures of gait asymmetry were not consistently selected
by models. In a logistic regression model (Table 2) including top contributing variables selected by the super learner, lower levels of step
regularity and sample entropy were both associated with increased
likelihood of unilateral pain while walking. Female sex, depressive
symptoms (CES-D measure), and radiographic OA status were also
associated with increased likelihood of pain.
Conclusions: Our Results suggest lower step regularity and sample
entropy during walking were associated with mild-moderate unilateral
knee pain during walking. These measures can be derived from wearable inertial sensors but are not among the spatio-temporal variables
from more traditional clinic analysis. Lower step regularity reﬂects
asymmetry in acceleration waveforms between legs and may be more
sensitive to early OA compared to traditional measures of asymmetry
not found to be important in the super learner model. Lower sample
entropy suggests reduced gait complexity, which may reﬂect reduced
adaptability of the neuromotor system during walking in people with
mild-moderate unilateral knee pain, a ﬁnding similar to what has been
previously reported to occur with aging and neurological disorders. This
cross-sectional analysis cannot rule out reverse causation. Measures of
step regularity and complexity, derived using wearable inertial sensors,
are altered in those with mild to moderate unilateral knee pain and may
indicate gait characteristics that contribute to the gradual development
of contralateral disease and might be rehabilitation targets.
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Expression levels of selected genes including shear-responsive genes
Il1b and Mmp3 were tested by RT-PCR using TaqMan Low Density Arrays
(TLDA) microﬂuidic cards. In addition, whole joints were collected and
processed following the standard protocol for RNAscope (Advanced Cell
Diagnostics). Coronal sections in the middle of the joints were sliced by
a cryostat. Consecutive sections were used for Safranin O staining and
RNAscope to identify anatomical tissues and detect the expression of
genes of interest. Gene expression signals were collated from 11 stacks
by confocal microscopy (Zeiss Confocal 880) focusing on the medial
tibia cartilage, and were quantiﬁed by counting individual mRNA dots in
the sham, DMM, vehicle and lubricant groups.
Results: We observed the upregulation of injury-responsive genes Il1b,
Mmp3, Ccl2, Adamts 4, Nos2, and Timp1 in the articular cartilage of DMM
operated joints compared to Naïve (non-operated) animals. The injection of the lubricant in the joint signiﬁcantly suppressed the expression
of shear-responsive genes Il1b and Mmp3 after DMM, but did not
inﬂuence the increase of other injury-induced inﬂammatory genes,
such as Timp1, Adamts 4, Ccl2, Nos2. For RNAscope, focusing on Mmp3
expression, the number of Mmp3 positive cells increased two-fold in the
DMM-vehicle group compared with the sham-vehicle group. Most of
Mmp3 signal was expressed in the superﬁcial region of the cartilage.
DMM-PMPC groups showed a reduced number of Mmp3 positive cells
compared with DMM-vehicle, with levels similar to sham-vehicle and
sham-PMPC groups.
Conclusions: Our data demonstrate that shear stress-induced inﬂammatory genes are regulated in the superﬁcial layer of cartilage after joint
destabilisation and can be suppressed by joint injection of a biocompatible engineered lubricant. As these lubricants have long retention times in the joint (data not presented), we believe that they may
provide a potential novel therapeutic strategy for preventing the
development of post-trauma OA. These studies are underway.
PRESENTATION NUMBER: 210
INCREASED FALLS RISK WHILE CROSSING AN OBSTACLE DURING
BALANCE RECOVERY IN PEOPLE WITH KNEE OSTEOARTHRITIS
C.S. Downie 1, P. Levinger 2,1, R.K. Begg 1. 1 Victoria Univ., Melbourne,
Australia; 2 Natl. Ageing Res. Inst., Parkville, Australia

PRESENTATION NUMBER: 209
INTRA-ARTICULAR INJECTION OF PHOSPHOLIPID-BASED LUBRICANT
REDUCES SHEAR-RESPONSIVE INFLAMMATORY GENES IN THE
SUPERFICIAL LAYER OF CARTILAGE POST MURINE JOINT
DESTABILISATION
L. Zhu 1, J. Miotla Zarebska 1, V. Batchelor 1, W. Lin 2, R. Goldberg 2,
J. Klein 2, T.L. Vincent 1. 1 Kennedy Inst. of Rheumatology, Univ. of Oxford,
Oxford, United Kingdom; 2 Materials and interfaces Dept., Weizmann Inst.
of Sci., Rehovot, Israel
Purpose: The synovial joint exhibits extraordinary biotribological
properties allowing the articular cartilage layers to slide past each other
at very low friction even under local pressures of up to 18 MPa (~180
atm). Articular cartilage is exquisitely mechanical sensitive. Compressive mechanical load contributes to articular cartilage homeostasis;
however, overuse or destabilizing the joint increases surface shear
stress, which promotes cartilage degradation. Our previous Results
show that shear stress, induced by joint destabilization, regulates a
number of inﬂammatory genes 6h post surgery, including Mmp3, Il1b,
Arg1, Ccl2, and Il6. Immobilizing the joint by prolonged anesthesia or
sciatic neurectomy abrogates the regulation of inﬂammatory genes and
prevents development of OA. In this study, we use RNA Scope to identify
which cells of the cartilage are activated by surface shear after joint
destabilisation, and test whether this is modiﬁable by injection of a
biocompatible phospholipid-based lubricant.
Methods: Destabilization of the medial meniscus (DMM) or sham
surgery was performed on the right knee of 10-week-old male C57BL/6
mice. 30 ml of lubricant (PMPC: poly(methacryloylphosphsphorylcholine)-functionalized lipid vesicles) or vehicle control (PBS) solution was
injected in the joint two days before and at the time of surgery. Cartilage
from naïve (no surgery) and DMM-operated knees of four mice per data
point was collected by microdissection for bulk mRNA extraction.

Purpose: Falls in older adults with knee osteoarthritis (OA) are more
prevalent than asymptomatic older adults, with approximately 25%
increased likelihood of falling. Trips are one of the leading causes of falls
in older adults, comprising more than 50% of total falls. Foot clearance
over obstacles and the placement of the foot following obstacle crossing
(landing distance) are two critical parameters determining the success
of obstacle negotiation. During steady state gait, knee OA has been
shown to negatively inﬂuence the ability of an individual to avoid an
obstacle but, to date, there have been limited studies investigating the
obstacle negotiation performance of older adults with knee OA during a
balance recovery task.
Methods: Forty eight older people with knee OA, 71.02 ± 6.76 years, 1.68 ±
0.10 m, 81.9 ± 15.57 kg, female ¼ 54% (26), and 15 asymptomatic older
adults as controls, 72.47 ± 4.81 years, 1.70 ± 0.89 m, 76.0 ± 12.28 kg,
female ¼ 27% (4), were recruited. Participants were self-ambulatory,
community dwelling and without neurological and neurocognitive deﬁcit. Using the Tether Release Method, participants were attached to a
frame via an electromagnet and placed in an induced lean. Instruction was
given to recover balance in a single step following release from the start
position. Release was carried out remotely, and at random time intervals
and participants were required to clear obstacle with dimensions of 4cm x
1cm x 100cm (height x depth x width). The biomechanical response was
measured, including landing distance of recovery foot from the obstacle
following crossing. Also, at the point of obstacle crossing, vertical displacement of the foot from the object (toe obstacle clearance), and angles
of the ankle, knee and hip, were analysed and compared between OA and
Control. Chi square testing was carried out to test for difference between
group and step response (single - one step to recover balance, or multiple
step - more than one step to recover balance), a one way ANOVA was
conducted to identify group differences (Control and OA) on the biomechanical parameters with BMI as a covariate. Signiﬁcance level was set
to 0.05. Conﬁdence intervals and effect sizes were calculated using
Cohen’s d. Effect sizes were classiﬁed as negligible (-0.15 to <0.15), small
(0.15 to <0.40), medium (0.40 to <0.75), large (0.75 to <1.10) and
very large (1.10 to <1.45). Values were displayed in mean ± SD.
Results: Participant demographics are presented in Table 1. Higher BMI
was observed in the knee OA group compared to the Controls (p ¼ .02)
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with no difference in other measures. The OA group was more prone to
the employment of a multiple step response c2 (2, N ¼ 63) ¼ 2.85, p ¼
.09. Five participants from the OA group contacted the obstacle with
their foot while crossing. The OA group had landing distance signiﬁcantly closer to the obstacle than did Control (p ¼ .03, large effect
size), and had a toe-obstacle clearance closer to the obstacle at the point
of crossing (p ¼ .03, large effect size), Table 2. Also, at the point of
crossing, the ankle was more plantar-ﬂexed in the OA group (p <.01,
large effect size) than Controls, and there was reduced knee ﬂexion (p ¼
.09, medium effect size). There was no difference in hip ﬂexion.
Conclusions: In this study, the OA group had a lower toe-obstacle
clearance (Figure 1), with 10.4% (4) of the participants contacted the
obstacle during the trials (Table 1). The position of the toe during swing
phase is a result of the kinematics of the entire lower limb with the OA
group demonstrating a more plantar-ﬂexed ankle and less ﬂexion about
the knee at obstacle crossing. This resulted in an extended recovery
limb (Figure 2). The combined motion of the lower limb while crossing
the obstacle resulted in rapid lowering of the recovery foot following
obstacle clearance. Such a strategy leads to reduced distance between
the positions of the centre of mass, and the recovery foot, at foot contact
following stepping over obstacle and placement of the recovery foot
closer to the object than seen in safer strategies. The combination of
recovery foot distance from the obstacle at crossing, and placement of
the foot on landing can have two main deleterious effects. Firstly, at the
point of crossing, where the displacement of the recovery limb is low
there is a greater risk of obstacle contact and hence falling where the
kinematics of the lower limb is not optimal. Secondly, at foot contact,
placement of the recovery foot close to the obstacle not only increases
the risk of contact with the obstacle but also limits the margin of stability. These ﬁndings suggest increased risk of obstacle contact, balance
loss, and falling in people with knee OA while recovering balance and
responding to an obstacle negotiating task. During obstacle crossing,

AGE (Year)
HEIGHT (m)
Mass (kg)
BMI 2(kg/m)
FEMALES (%)
Single step (%)
Multiple step (%)
Obstacle contact

Table 1

(%)

CON (n ¼ 15)
Mean ± SD

OA (n ¼ 48)
Mean ± SD

c2

p

72.47 ± 4.81
1.70 ± 0.89
76.0 ± 12.28
26.17 ± 3.06
4 (27%)
9 (60%)
6 (40%)
0 (0%)

71.02 ± 6.76
1.68 ± 0.10
81.9 ± 15.57
29.10 ± 4.58
26 (54%)
17 (35.4%)
31 (64.6%)
5 (10.4%)

2.85

.45
.39
.12
.02
1.00
.09

1.70

.19

Participant characteristics and
step responses to obstacle dualtasking trials

Osteoarthritis
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CON (n ¼ 15) Mean ± SD

Spatio-temporal
Landing distance (m)
Toe-obstacle clearance(m)
Kinematics
ANKLEangle - dorsiﬂexion (deg)
KNEEangle - ﬂexion (deg)
HIPangle - ﬂexion (deg)

Table 2
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the knee OA group demonstrated poor recovery strategies including
taking multiple steps and maintaining a toe position close to the
obstacle. To avoid increased falls risk, older adults with knee OA should
be encouraged to take longer steps, and to lift the foot higher during the
swing phase.

PRESENTATION NUMBER: 211
VALGUS KNEE BRACING FOR MEDIAL KNEE OSTEOARTHRITIS AND
VARUS MALALIGNMENT: A PILOT STUDY
M. Hall 1, S. Starkey 1, R.S. Hinman 1, L.E. Diamond 2, G.K. Lenton 2,
G. Knox 1, C. Pizzolato 3, K.L. Paterson 1, D.J. Saxby 2. 1 Univ. of Melbourne,
Melbourne, Australia; 2 Grifﬁth Univ., Gold Coast, Australia; 3 Grifﬁth Univ.,
Gold Coast University, Australia
Purpose: Knee bracing is inconsistently recommended in clinical
guidelines for the management of knee osteoarthritis (OA). Knee OA
progression may be related to altered mechanical knee loads, particularly in those with varus malignment. Valgus knee bracing is thought
to alleviate symptoms by reducing loads borne through the medial
tibiofemoral compartment during walking. However, the effect of valgus knee bracing on medial tibiofemoral compartment mechanical
loads is not well understood. Investigations on valgus knee bracing to
date have largely used the external knee adduction moment as a surrogate to infer medial tibiofemoral compartment mechanical loads. This
is a critical limitation, as the external knee adduction moment does not
account for muscle forces that account for a considerable proportion of
the medial tibiofemoral contact force (MTCF) during walking. The
purposes of this study were to determine: 1) the effect of a valgus knee

OA (n ¼ 48) Mean ± SD

Mean ± SD

95% CI

Mean ± SD

95% CI

Effect Size

p

0.15 ± 0.02
0.20 ± 0.04

0.14, 0.16
0.18, 0.22

0.10 ± 0.07
0.17 ± 0.04

0.13, -0.13
0.16, 0.18

97
.75

.03
.03

-3.43 ± 6.58
76.50 ± 12.39
48.31 ± 8.41

-7.07, 0.21
69.34, 83.36
43.65, 52.96

-8.83 ± 6.63
69.53 ± 14.14
46.42 ± 11.85

-10.88, -6.79
65.18, 73.88
42.77, 50.07

.82
.52
.93

<.01
.09
.57

Biomechanical response to induced falls while cognitively challenged in the OA and Control
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brace on MTCF (peak and impulse) during walking; 2) whether the
effect of the valgus knee brace on MTCF (peak and impulse) is more
pronounced at 8-week follow-up compared to baseline; 3) change in
knee OA symptoms, quality of life and conﬁdence; 4) adverse events,
adherence and acceptability of wearing the valgus knee brace over an 8week period.
Methods: A within-participant study design was used to test the effect
of the valgus knee brace on the MTCF during walking, and an observational study design was used to determine to change in knee OA
symptoms, quality of life, conﬁdence, adverse events, adherence and
acceptability. Participants with clinical and radiographic knee OA and
varus malalignment were recruited from the community. Participants
€
were ﬁtted with an Ossur
Unloader One brace by a trained researcher.
Participants were instructed to gradually increase their brace usage by
1-2 hours per day until they were wearing the brace “whenever you are
on your feet performing daily activities” for 8 weeks. Outcome measures included: MTCF (peak and impulse) estimated via an electromyogram-driven neuromuscular model during walking with and without
the knee brace (randomised assessment order) at baseline and 8-week
follow-up, symptoms, including knee pain intensity during walking
assessed using a numeric rating scale (NRS, score 0-10, higher scores
greater pain), knee pain, function in daily living, function in sport and
recreation, knee-related quality of life and patellofemoral related
problems assessed using Knee injury and Osteoarthritis Outcome Score
subscales (KOOS, score 0 - 100, higher scores fewer knee problems),
quality of life using the Assessment of Quality of Life (AQoL, score -0.04
to 1.00, higher scores indicating better quality of life) at baseline and 8week follow-up, and weekly conﬁdence levels whilst performing daily
tasks when wearing the brace using via NRS (score 0-10, higher greater
conﬁdence). Adverse events (number and nature), adherence (selfrated on NRS, score 0-10 [higher greater adherence], and number of
hours brace worn per day) and comfort were recorded weekly.
Acceptability of the brace (e.g. ease of use, likelihood of continuing to
wear brace) was assessed using NRSs at the 8-week follow-up (scores 010, higher scores greater comfort, ease or likelihood). We aimed to
detect a small to medium bracing effect size of 0.35 for peak MTCF.
Assuming 80% and alpha of 0.05, and a correlation between measurement on the same individual of 0.82 a sample of at least 26 participants
was required. To allow for 15% dropout we aimed to recruit 30
participants.
Results: Of the 30 (60% male) participants enrolled into the study, 28
(93%) completed 8-week outcome assessments. Biomechanical data at
baseline and follow-up for the braced and unbraced conditions are
presented in Table 1. There was a main effect of condition (two levels:
brace and no brace, p<0.001), but no main effect for time (two levels:
baseline and 8-week follow-up, p¼0.10), and no interaction between
brace and time (p¼0.62). Wearing the brace during walking signiﬁcantly reduced the peak MTCF (-0.05 BW 95%CI [-0.10, -0.01]) and
MTCF impulse (-0.07 BW.s 95%CI [-0.09, -0.05]) compared to walking
without the brace. No difference in change in MTCF (peak or impulse)
was observed between baseline and 8-week follow-up (p ¼ 0.62). The
average change scores exceeded minimal clinically important
improvements for: knee pain during walking (-3.3, 95%CI [-4.1, 2.6]), all
the KOOS subscales (pain: 20.4, 95%CI [14.9, 25.8]; function: 20.5, 95%CI
[14.2, 26.8]; sport and recreation: 22.9, 95%CI [14.6, 31.3]; quality of life:
18.5, 95%CI [10.9, 26.2]; and patellofemoral: 25.9, 95%CI [18.1, 33.6]) and
the AQoL (mean difference 0.07, 95%CI [0.03, 0.12]). The weekly conﬁdence levels on the 11-point NRS while performing daily tasks when
wearing the brace was mean (SD), 8.7 (0.3). Thirty adverse events were
reported related to the knee brace: n¼11 (37%) skin irritation; n¼5
(25%) increased study knee pain; contralateral knee/hip pain n¼3 (10%);
back pain n¼1(4%); pain in other area n¼1 (3%). The weekly adherence
levels on the 11-point NRS to wearing the knee brace as instructed was
mean (SD), 8.4 (0.2). Participants reported to wear the brace a mean
(SD), [range] hours per day: 6 (3) [1 - 11]. On the 11-point NRS, participants rated the brace as easy to use, mean (SD) 7.1 (2.0); easy to put
on and off, mean 8.5 (1.6), easy to wear over clothing, mean 6.9 (2.0);
rated they were likely to continue to wear the brace upon completion of
the study, mean 7.8 (SD) (2.6); and likely to recommend to a friend with
similar knee problems, mean (SD) 8.3 (2.3). The weekly comfort levels
on the 11-point NRS while wearing the brace was mean (SD), 8.0 (0.5).
Conclusions: Biomechanical interventions are a highly ranked OA
research priority, that might be particularly applicable to people with
medial knee OA and varus malalignment. Although signiﬁcant, reductions in the peak MTCF and MTCF while wearing the knee brace were

small. The immediate effect of the brace on the MTCF (peak and
impulse) was no different to the 8-week effect. Further investigation
into individual patient changes may reveal hypothesis-generating criteria for future exploration of responders and non-responders with
respect to MTCF. Nevertheless, this study identiﬁed clinically meaningful improvements in symptoms and quality of life, with conﬁdence
levels performing daily activities with the brace reasonably high. The
number of adverse of adverse events warrants consideration. Some may
be preventable (e.g. skin irritation), with additional support such as
regular re-ﬁtting. Adherence and acceptability were generally high
overall, with some areas to consider for improvement (i.e., wearing
brace over clothing). Our ﬁndings will help further reﬁne the knee brace
intervention for more robust evaluation in a clinical trial to determine
the efﬁcacy of knee bracing for people with knee OA.
PRESENTATION NUMBER: 212
ESTIMATION OF KNEE CONTACT FORCES IN THE RAT, BASED ON
INTEGRATED XROMM SETUP DATA
J. Piet 1, F. Mielke 2, D. Veryser 1, R. Lories 1, P. Aerts 2,
S. Van Wassenbergh 2, I. Jonkers 1. 1 Katholieke Univ.it Leuven, Leuven,
Belgium; 2 Univ. of Antwerp, Wilrijk, Belgium
Purpose: Rats are widely used to study tissue mechano-adaptation in
the context of knee homeostasis and degeneration. In particular, surgical interventions are often used in rats to destabilize the knee, and to
induce osteoarthritis. To characterize local mechanical stimuli in knee
tissues and examine their mechano-adaptive response, loading (i.e.
contact forces) must be estimated at the joint level. The purpose of this
study is to estimate knee contact forces in the knee of intact rats using
musculoskeletal modeling. Ground reaction forces and torques, as well
as accurate hindlimb motion using 3D X-Ray Reconstruction of Moving
Morphology (XROMM) (Brainerd et al., 2010) were used as model
inputs.
Methods: Two male Sprague-Dawley rats were implanted with radioopaque markers on their right tibia and femur at age 12 weeks (leadfree tin, 0.35 mm diameter, 3-4 markers for the tibia and 2-3 markers
for the femur). Rats were then trained to cross a walkway from age 1416 weeks with a consistent gait (trotting without galloping) (Webb
et al., 2011). At 16 weeks of age (391g), rat gaits were recorded using the
3D2YMOX setup (University of Antwerp) (Sanctorum et al., 2019). Rat
motion was captured dynamically with a calibrated biplanar X-Ray
video setup, while the rats trotted through an instrumented walkway
(X-Ray sources: 65 and 71kV, 40mA, 300ms, record rate 500 fps). For
each rat, 5 trials with contact of the right hindlimb on the force plate
were acquired. Rats were then sacriﬁced, and right hindlimbs were
imaged using micro-computed tomography to locate the radio-opaque
markers. Synchronously, force plate data were acquired using a piezo
force plate embedded in the walkway (Kistler force plate, acquisition
rate of 20000 Hz). Force plate outputs were ampliﬁed and acquired with
a DAQ. To increase chances of only the right hindlimb hitting the force
plate, two contact sockets were mounted above the force plate (see
Figure 1A) and the force plate was calibrated correspondingly. DAQ
channels were ﬁltered with a band-pass ﬁlter (0.2, 2000 Hz) to remove
noise, voltage drift and mechanical oscillations. Forces, torques and
center of pressure were then computed, and data during the stance
phase were further smoothed using a Savitzky-Golay ﬁlter. Biplanar X€ rlein et al. 2016). Images
Ray images were processed in XMALab (Kno
were calibrated using calibration cube images, and undistorted using
distortion grid images. The implanted radio-opaque markers as well as
bony landmarks were tracked manually on the right foot, tibia, femur,
pelvis and on the spine (Figure 1B). A generic musculoskeletal rat model
of the rat hindlimb (Johnson et al., 2008) was scaled in OpenSim (Delp
et al., 2007) (Figure 1C). This model has 3 degrees of freedom at the
ankle and hip (ab/adduction, int/external, ﬂexion), and 1 degree of
freedom at the knee (ﬂexion). Joint contact forces in the knee were
estimated following inverse kinematics, inverse dynamics, and static
optimization of the muscles.
Results: Ground reaction forces were highest in the vertical direction,
and peaked at 85% and 80% of the rat body weight on average for rat 1
and 2 respectively (Figure 2A, grey line). The anterior-posterior component of the ground reaction force reached 12% and 17% body weight
in rats 1 and 2 respectively (Figure 2A, green line). The medial-lateral
component reached about 12% body weight in both rats (Figure 2A,
purple line). Knee contact forces were lowest in the medial-lateral
component (Figure 2C, red line). Knee compressive forces peaked at 70%
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and 37% body weight on average for rat 1 and 2 respectively (Figure 2C,
yellow line). The highest component was in the posterior-anterior
direction (peaking at 99% and 157% body weight on average for rats 1
and 2 respectively, Figure 2C, blue line). The higher contact forces in rat
2 are in agreement with the deeper knee ﬂexion (by about 25 degrees,
Figure 2B, magenta line), combined with higher hip and ankle ﬂexion
compared to rat 1 (Figure 2B, blue and green lines). In comparison, knee
contact forces during stance phase in humans are highest in the
direction longitudinal to the tibia (high compressive forces, Figure 2D,
yellow line, adapted with permission from Van Rossom et al. 2018). This
is explained by the erect position assumed by humans when they walk,
while rats have a more crouched gait.
Conclusions: Musculoskeletal modeling of the rat knee reveals that
compressive contact forces are relatively lower in rats than in humans.
This emphasizes that the mechanics of rodent models is different from
humans. Such contact forces can be used as boundary conditions in
ﬁnite element models to determine local mechanical stimuli in articular
cartilage and subchondral bone.

PRESENTATION NUMBER: 213
HOW DOES INJURIOUS MECHANICAL LOADING ALTER CARTILAGE
MICROSTRUCTURE: A NOVEL INTEGRATED FINITE ELEMENT
FRAMEWORK
S.A. Elahi 1, P. Tanska 2, R.K. Korhonen 2, R. Lories 1, N. Famaey 1,
I. Jonkers 1. 1 KU Leuven, Leuven, Belgium; 2 Univ. of Eastern Finland,
Kuopio, Finland
Purpose: Osteoarthritis (OA) is a disease of the whole joint, with cartilage degeneration as its hallmark. Mechanical loading is a key control
signal in the regulation of the metabolic activity (i.e. homeostasis) of the
articular chondrocytes, the only cell population found in cartilage,
embedded in their self-produced extra-cellular matrix (ECM). Cartilage
ECM contains proteoglycans (PG) that are the main solid content and
responsible for compressive strength of the tissue and controlling the
water content by their negative ﬁxed charge density (FCD). Furthermore, in healthy cartilage tissue, the ECM contains collagen ﬁbrils
oriented in an arcade shape, which are responsible for cartilage tensile
strength. Based on previous experimental observations, an injurious
mechanical loading causes ﬁbrillation and collagen ﬁbril degradation,
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especially at the cartilage surface. This is known as a point of no-return
in cartilage degeneration, accelerating PG depletion and consequently
FCD loss and increase in tissue. Due to the low self-healing potential of
cartilage, the degeneration effects may accumulate over time and lead
to post-traumatic OA development and progression. In silico biomechanical modeling is an effective tool for studying the effects of
different factors contributing to cartilage degeneration and for predicting damage location and progression. In this study, an in silico
Cartilage Adaptive REorientation Degeneration (CARED) model is
developed and used to predict collagen ﬁbril reorientation and degradation and PG depletion through FCD loss and increase in hydration,
which are compared with published experimental work. To the authors'
knowledge, CARED is the ﬁrst cartilage degeneration model that integrates the effects of collagen ﬁbril reorientation with ﬁbril and PG
degeneration in an integrated adaptive ﬁnite element (FE) framework.
Methods: The intact cartilage explant was modelled as a 3D cylinder
(diameter¼3mm and height¼1.5mm) in Abaqus FE software(Fig. 1). A
ﬁber-reinforced poroviscoelastic constitutive model with Donnan
osmotic swelling (FRPVES) was used to deﬁne the material. In this
deﬁnition, the non-ﬁbrillar matrix of the cartilage explant was modelled as a porous hyperelastic (Neohookean) material saturated with
ﬂuid (water) and the collagen ﬁber network was modelled as a viscoelastic material that can only withstand tensile loading. The Donnan
osmotic swelling pressure was related to the explant FCD content. The
depth-dependent ﬂuid ratio, collagen density, FCD content and material
properties were adopted from Eskelinen et al., 2019. The bottom surface
of the explant was constrained in the vertical direction and radial
expansion was allowed. Free ﬂuid ﬂow was allowed through the lateral
and top surfaces in a free swelling loading step until reaching equilibrium. This step was followed by an unconﬁned compression applied
through the rigid platen with a friction coefﬁcient of 0.05 between the
platen and top surface of the cartilage. Fluid ﬂow through the top surface was prohibited during the compression loading. Two different
compressive loadings were applied to the explant (Fig. 1): (i) normal
loading approximated with 2MPa in 0.1s as a reference model and (ii)
injurious loading approximated with 4MPa in 0.1s. Cartilage Adaptive
REorientation Degeneration (CARED) model The FE model was used
within an adaptive algorithm to predict collagen ﬁbril reorientation and
degradation and PG depletion (FCD loss and increase in hydration)
during mechanical loading (see Fig. 1 for more details). In each iteration,
the adaptive algorithm used the deformation gradient data obtained
from the FE model to calculate the principal strains and directions in the
elements. This data was used to deﬁne the current ﬁbril directions (for
ﬁbril reorientation), the strain in ﬁbril direction (for ﬁbril reorientation
and degradation) and the maximum shear strain (for PG depletion) in
each element. The thresholds for ﬁbril degradation and PG depletion
were chosen to be K0_f¼10% strain in ﬁbril direction and K0_PG¼30%
maximum shear strain, respectively. The rate of reorientation was
selected to be k¼0.3. A non-localized theory was used in the PG
depletion algorithm. FCD loss and increase in water content were linearly related to PG depletion. The adaptive algorithm was run for 50
iterations after which the average values of the ﬁbril reorientation and
degradation and PG depletion in the model converged. The equilibrium
stiffness of the explant was measured before and after degeneration by
dividing the equilibrium stress with the applied strain obtained from
the FE model simulating relaxation loading. The effect of ﬁber reorientation; ﬁbril degradation, FCD loss and increase in tissue hydration
on degenerating progression was studied by selectively excluding the
related equations from the adaptive response.
Results: Minimal changes in the ﬁbril orientation and density, FCD and
water contents were observed as a result of normal loading on the intact
explant. For the injurious loading model, Fig. 2 shows color maps of
ﬁbril orientation, ﬁbril density, FCD content and solid ratio before and
after degeneration. The results show injurious loading caused ﬁbrils to
reorient towards the direction perpendicular to the explant surface in
the superﬁcial and middle layers. Intense ﬁbril degradation was
observed in the superﬁcial layer, while ﬁbril degradation in the middle
layer was mild. The FCD loss and increase in hydration started from the
superﬁcial layer and extended to the middle layer. The variations in the
deep layer were minimal. The equilibrium stiffness of the explant
reduced by 33% after degeneration. These results are in agreement with
the experimental and computational observations in the literature. The
effects of removing each remodeling aspect from the adaptive model of
the injurious loading are given in Table 1. Fibril reorientation has an
important protective effect on overall cartilage degeneration. Fibril
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Algorithms

Effect of removing the remodeling aspect from the adaptive model

Fibril reorientation

 ~400% more ﬁbril degradation  ~75% more FCD loss  ~90% more hydration  ~18% more reduction in equilibrium stiffness (51% compared
to 33%) ~25% increase in maximum ﬂuid velocity (related to PG extrusion in long term)
 ~29% less FCD loss  ~26% less hydration  ~11% less reduction in equilibrium stiffness (22% compared to 33%) Large change in reorientation
behavior (small reorientation in deep layer happened and reorientation behavior at the superﬁcial layer changed)
 minimal effect on ﬁbril degradation ~3% more hydration almost no reduction in equilibrium stiffness (0.03% compared to 33%) minimal
effect on ﬁber reorientation (maximum FCD loss at the regions with less ﬁber reorientation at superﬁcial and middle layers)
 minimal effect on ﬁbril degradation  ~1% less FCD loss  ~5% more reduction in equilibrium stiffness (28% compared to 33%) large change in
reorientation behavior (small reorientation in deep layer happened and reorientation behavior at the superﬁcial layer changed)

Fibril degradation
FCD loss
Increase in hydration

Table 1

Effects of removing each remodeling aspect from the adaptive algorithm of injurious loading

Osteoarthritis
andCartilage

degradation modulates FCD loss, increase in hydration and reorientation behavior. FCD loss prominently affects the equilibrium stiffness; whereas increase in hydration has a large effect on the
reorientation of collagen ﬁbrils.
Conclusions: The reorientation and degeneration algorithms implemented in the CARED model show a good agreement with experiments
reported in the literature in terms of the trend and location of changes
within the tissue due to injurious loading. However, to accurately validate the model, speciﬁc experiments have to be designed to determine
the material properties of cartilage and degeneration thresholds. The
CARED model conﬁrms the role of ﬁbrils degradation as a key parameter in the progression of cartilage degeneration and OA under injurious
loading. Furthermore, the model predicts the crucial role of ﬁbril

reorientation in slowing the tissue degeneration process. Therefore, the
CARED model provides a unique tool to predict different aspects of
cartilage tissue degeneration under different mechanical conditions
(e.g. under injurious loading) or in the presence of defects.

PRESENTATION NUMBER: 214
TIBIOFEMORAL JOINT CONTACT FORCES DURING GAIT DIFFER WITH
RADIOGRAPHIC KNEE OA PROGRESSION OVER 3 YEARS
J.L. Wilson 1, P. Amiri 2, S. Brandon 3. 1 McMaster Univ., Hamilton, ON,
Canada; 2 Imperial Coll. London, London, United Kingdom; 3 Univ. of
Guelph, Guelph, ON, Canada
Purpose: Forces on joint tissues during activities of daily living such
as walking have been implicated in the progression of knee osteoarthritis (OA), however the relationship between force characteristics
with osteoarthritis processes is complex. It remains unclear why knee
OA progresses more quickly for some individuals, and if personspeciﬁc mechanics are an important factor. Most past investigations
have reported net resultant joint moments calculated through an
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inverse dynamics procedure that provide a net summary of joint
kinetics. The knee adduction moment (KAM) during gait is one of the
most studied gait kinetic variables for OA that has been linked to OA
structural progression in those with medial compartment knee OA.
However, more recent study has demonstrated the value in considering the three-dimensional loading environment to OA progression.
Further, net resultant moments do not account for contributions from
muscles, and can therefore underestimate contact forces when signiﬁcant muscle co-contraction exists, which is often the case with
knee OA. Electromyography (EMG)-driven musculoskeletal models
can provide more speciﬁc estimates of joint contact forces by
accounting for the contributions of muscle forces and estimating
compartment-speciﬁc contact forces between articulating joint surfaces. Despite some evidence to link KAM magnitudes with the
medial knee joint contact forces during gait, no previous study has
directly examined how tibiofemoral medial and total contact forces
relate to medial compartment knee OA progression, nor their association with net resultant moments in the context of OA progression.
The objective of this study was, in a sample of subjects with moderate, medial compartment knee OA, to compare medial and total
knee joint contact forces and muscle forces during gait between
participants who exhibit radiographic progression at 3 years, and
those who do not. A secondary aim was to examine the ability to
predict tibiofemoral contact forces with joint moments calculated
from inverse dynamics, BMI, and gait speed.
Methods: Twenty-seven individuals with moderate, medial compartment knee OA at baseline consented to participate in this longitudinal prospective study. All subjects underwent lab-based threedimensional instrumented gait testing that included synchronized
motion capture, ground reaction forces, and EMG of seven major knee
muscles on the affected limb (3 quadriceps, 2 hamstrings, 2 gastrocnemius). Spatiotemporal gait metrics, knee kinematics and resultant
knee adduction and ﬂexion moments during stance were modeled
using standard techniques. Knee X-rays were taken at baseline and at
a three-year follow-up. At follow-up, participants were categorized as
progressors (progression group, PG) or non-progressors (no progression group, NPG), where progressors had at least a one grade
increase in medial JSN from baseline to follow-up. An EMG-driven
model was used to estimate muscle, medial and total tibiofemoral
contact forces during gait. The analysis proceeded as follows: (i) EMG
data from the quadriceps, hamstrings and gastrocnemii were processed to obtain muscle activations; (ii) motion capture marker
positions were used with a scaled musculoskeletal model of each
subject to ﬁnd lower-limb joint angles and moments, and muscletendon lengths and lines of action; (iii) activations and lengths were
input to a Hill-type model for major knee muscles, with parameters
calibrated to minimize the difference between external knee ﬂexion
moment and the net muscle moment in the sagittal plane; (iv) medial
tibiofemoral contact forces were estimated using a frontal plane knee
model. T-tests were used to compare baseline differences in demographics, spatiotemporal, KAM, knee ﬂexion moment (KFM), and 1st
and 2nd peak and impulse of medial and total contact forces and peak
muscle forces (absolute and body mass normalized data) between PG
and NPG (a ¼ 0.05). Linear regression analysis was used to examine
the association of absolute medial and total contact forces with peak
KAM, peak ﬂexion moment (KFM), BMI and gait speed as potential
predictors.
Results: Seven subjects were categorized as progressors and 20 as
non-progressors. Of these, 6 progressors and 19 non-progressors had
sufﬁcient data for joint contact force modeling and were included in
this analysis. PG and NPG did not differ in baseline age, BMI, sex
distribution, speed, WOMAC total or KL severity (Table 1). There were
no signiﬁcant differences in peak KAM or knee ﬂexion moments, but
the PG had signiﬁcantly greater late stance knee extension moments
than NPG. Signiﬁcantly higher baseline forces were found for progressors in: absolute ﬁrst (early stance) and second (late stance) peak
and the impulse of medial contact forces; the ﬁrst and second peak of
absolute total knee contact forces (Figure 1, Table 1); body weight
normalized second peak of medial and total contact forces; and
absolute and normalized peak medial gastrocnemius forces. Linear
regression models showed signiﬁcant and high associations of early
stance peaks of medial and total contact forces with peak KAM (R2 ¼
0.74; R2 ¼ 0.59 respectively), and late stance peak contact forces with
both KAM and KFM (R2 ¼ 0.71; R2 ¼ 0.68 respectively). Medial
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contact force impulse was signiﬁcantly correlated to only the KAM
impulse.
Conclusions: Our Results demonstrated that elevated medial and
total tibiofemoral joint contact forces were associated with 3-year
structural progression of medial compartment knee OA, providing
support for the role of higher compressive joint loading during gait
with further joint degradation in those with existing moderate OA.
Strategies to reduce compressive joint loading during gait may
therefore be effective in reducing structural OA progression. These
baseline differences in contact forces existed in both absolute (N) and
bodyweight-normalized measures, which suggests that load-reducing interventions must consider factors beyond simple body weight
reduction. However, we observed no changes in any demographic,
KAM, or spatiotemporal gait parameters, although our small sample
of progressors may have limited our statistical power to detect further differences. Progressors had higher late stance knee extension
moments, and higher late stance medial gastrocnemius forces, contributing to elevated second peak contact forces. Importantly, our
EMG-driven modelling approach captured changes in muscle forces
(gastrocnemius) that may not have been apparent from dynamics
alone. These results provide further support for the need to consider

age (years)
sex (F:M)
BMI (kg/m2)
WOMAC Total (/96)
KL Grade (1:2:3:4)
walking speed (m/s)
Medial contact force 1st peak (N)
Medial contact force 2nd peak (N)
Total contact force 1st peak (N)
Total contact force 2nd peak (N)
Normalized medial 1st peak (BW)
Normalized medial 2nd peak (BW)
Normalized total 1st peak (BW)
Normalized total 2nd peak (BW)

Table 1

PG

NPG

P-value

60.3 (4.1)
1:6
32.6 (4.3)
33.2 (18.6)
0:3:4:0
1.30 (0.12)
2584 (519)
2691 (461)
2589 (514)
2740 (437)
2.69 (0.34)
2.82 (0.32)
2.70 (0.34)
2.87 (0.34)

56.4 (5.7)
7:13
29.1 (4.3)
24.5 (17.1)
2:10:8:0
1.27 (0.19)
1880 (605)
1782 (622)
1979 (537)
1938 (686)
2.19 (0.58)
2.05 (0.57)
2.31 (0.49)
2.23 (0.63)

0.13
0.49
0.10
0.30
0.36
0.72
0.018
0.003
0.023
0.014
0.057
0.005
0.083
0.028

Mean (st dev) data for progressors (PG, N ¼ 6) and nonprogressors (NPG, N¼19)
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not only KAM, but also sagittal plane loading and the contributions of
muscle forces in understanding joint mechanics with knee OA.
However, a signiﬁcant portion of the variability in the peak medial
and total contact forces, particularly the early stance peak, could be
attributed to the peak KAM alone. The KFM is an important consideration in late stance as it contributes signiﬁcantly to the late stance
medial and total contact forces. Musculoskeletal modelling to estimate contact forces within the joint during dynamic activity adds
computational complexity to a gait analysis, and may not be warranted for every investigation. The current results suggest the combination of the frontal and sagittal plane net resultant moments
calculated from inverse dynamics represents a signiﬁcant amount of
the variability in medial and total tibiofemoral joint contact forces in
those with knee OA, but not all. Future models could include more
baseline predictors in a larger cohort to potentially improve estimation models of joint contact forces.
PRESENTATION NUMBER: 215
CAN INCREASING WALKING CADENCE REDUCE SURROGATE
MEASURES OF KNEE LOAD IN PATIENTS WITH PATELLOFEMORAL
OSTEOARTHRITIS?
H.F. Hart, T.B. Birmingham, L.K. Fischer. Western Univ., London, ON,
Canada
Purpose: Patellofemoral knee osteoarthritis (OA) is a major contributor
to walking difﬁculty, yet walking is an important mode of physical
activity for patients with this condition. Previous research suggests
lower walking cadence (steps/minute) is associated with higher knee
loads and greater OA progression. Therefore, the objective of this study
was to test the hypothesis that increasing walking cadence at a ﬁxed
gait speed would decrease surrogate measures of knee load and knee
pain in patients with patellofemoral OA.
Methods: We recruited patients with radiographic and symptomatic
patellofemoral OA referred to a primary care clinic. To be included
participants had to be aged 40 years with anterior or retro-patellar
knee pain aggravated by at least two activities that increase the patellofemoral load (e.g. stair climbing, squatting, running) and pain severity
of 3/10 on a numerical rating scale during aggravating activities.
Participants underwent 3D quantitative gait analysis on an instrumented treadmill (R-Mill, Motekforce Link, Amsterdam, NL) using a
randomized crossover design that enabled repeated increased and
decreased cadence conditions (Figure 1). At the end of the warm-up, the
participants’ baseline preferred walking speed and cadence were
determined. Walking trials were conducted at a constant gait speed,
under three randomly allocated walking cadence conditions: (i) preferred cadence, (ii) þ10% increased cadence relative to preferred, and
(iii) -10% decreased cadence relative to preferred) (Figure 1). All cadence
conditions were maintained using an audible metronome. Marker and
ground reaction force data were simultaneously recorded for each trial.
Participants also rated their average knee pain on an 11-point Numerical Rating Scale (0¼no knee pain, 10¼worst pain possible) after each
test condition. When participants were able to maintain the prescribed
cadence for at least one minute, determined by visual inspection, data
were recorded for 30 seconds. We used inverse dynamics to calculate
external knee moments, over 100% of stance and expressed in units of
body weight times height (%BW*Ht). Our primary outcome measure
was the peak knee ﬂexion moment. Secondary outcome measures were
the peak knee adduction moment during the ﬁrst and second halves of
the stance, and knee pain. Outcome measures were averaged over ﬁve
steps. The mean values across each cadence condition were calculated
(i.e., 4 preferred, 2 increased, 2 decreased). We completed mixedmethod ANOVAs, with one within-subject factor (cadence condition)
and one between-subject factor (i.e., test sequence group A or B). Following a signiﬁcant main effect for condition, we conducted post-hoc
evaluations of pairwise comparisons using a least signiﬁcant difference
test adjusted for multiple comparisons.
Results: We included 48 patients (54% females; mean± SD: age,
59±11years; body mass index, 28±5kg/m2). Mean ± SD for cadence, gait
speed and knee pain NRS during level walking were 109±5 steps/min,
1.01±0.20 m/s, and 2±2 respectively. Descriptive statistics for surrogate
measures of knee load and knee pain during the preferred, increased,
and decreased walking cadence conditions are presented in Table 1.
Primary outcome measure: There was no signiﬁcant main effect for the
group (p¼0.676) or group by condition interaction (p¼0.185) for peak
knee ﬂexion moment. There was a signiﬁcant main effect for cadence

condition (p¼0.003) (Figure 2). Compared with the preferred cadence
condition, walking with higher cadence resulted in a 14% decrease in
peak ﬂexion moment (mean difference [95% CI]: -0.17%BW*Ht [-0.33 to
-0.01]), while walking with lower cadence resulted in a 13% increase
(0.17%BW*Ht [0.02 to 0.32]). Secondary outcome measures: The effects of
cadence manipulation on secondary outcome measures were somewhat inconsistent. There was no signiﬁcant group (p¼0.404) or condition (p¼0.637) effect for the ﬁrst peak knee adduction moment.
However, there was a signiﬁcant group by condition interaction
(p¼0.015) dwalking with lower cadence resulted in increased ﬁrst
peak knee ﬂexion moment for test sequence B but not A. The results for
the second peak knee adduction moment were similar to the peak knee
ﬂexion moment, with no signiﬁcant group (p¼0.131) or group by condition interaction (p¼0.105); however, there was a signiﬁcant effect for
cadence condition (p<0.001) (Figure 3). There was no signiﬁcant group
(p¼0.534), condition (p¼0.581) or group by condition interaction (p¼0.
114) for knee pain.
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Conclusions: In line with our hypothesis, the present ﬁndings suggest
walking with a higher cadence whilst keeping the gait speed constant
reduces the peak knee ﬂexion moment and second peak knee adduction
moment in patients with patellofemoral OA. Walking with a higher
cadence appears to decrease peak knee load per step and warrants
future research as an intervention to enable patients with patellofemoral OA to walk more and meet their recommended walking targets.
The effects of cadence manipulation during walking on longer-term
biomechanical changes and clinical outcomes should be investigated.

PRESENTATION NUMBER: 216
MONITORING
WORK-RELATED
PHYSICAL
ACTIVITY
AND
ESTIMATING LOWER-LIMB LOADING: A PROOF-OF-CONCEPT STUDY
 3, A. Forrester 4, N. Arden 1,
T.A. Perry 1, X. Wang 2, J. Caroupapoulle
D.J. Hunter 2. 1 The Univ. of Oxford, Oxford, United Kingdom; 2 The Univ. of
Sydney, Sydney, Australia; 3 The Univ. of Southampton, Southampton,
United Kingdom; 4 Independent Res., Staffordshire, United Kingdom
Purpose: Physical activity (PA) is important to general health and has
been shown to play an increasing role in knee osteoarthritis (OA).
Speciﬁcally, work-related physical activity is an established risk factor
for knee OA with increasing levels of workload shown to carry an
increased risk of disease incidence and progression. Appropriate
methods for the measurement of work-related PA are, however, unclear
and there is a need for real-world, continuous monitoring of work-place
PA with a particular focus on estimating loading within the lower-limbs.
Our aims were to: i) monitor work-place PA and ii) estimate and classify
levels of lower-limb loading across different occupations.
Methods: Twenty-four healthy participants aged 18 years, currently
working full-time in a single occupation (35 hours/week) and free of
musculoskeletal disease, comorbidity and had no history of lower-limb
injury/surgery (past 12-months) were recruited across New South
Wales (Australia); see Table 1. A convenience sample was recruited with
occupations assigned to levels of workload; sedentary, light manual and
heavy manual as deﬁned using an existing classiﬁcation. Metrics of PA
including self-assessed physical tasks (e.g. sitting, walking, standing),
step count, energy expenditure and lower-limb loading were monitored
over 10 working days using a daily survey, a smartwatch (Fitbit VersaTM)
and a smartphone (Samsung Galaxy A5TM preloaded with FitbitTM and
OAppTM applications).

Variable

Workload

Age (years), mean (SD)
Gender, female n (%)
BMI (kg/m2), mean (SD)
Ethnicity, n(%)
Caucasian
Asian
Other
Education, n(%)
High school or less
Apprenticeship/
vocational school
University degree
or higher
Weekly working
hours, mean (SD)
Years working in
current job,mean (SD)

Table 1
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Sedentary Light Manual Heavy
(N¼5)
(N¼18)
Manual
(N¼1)

Total
(N¼24)

33 (5.8)
42.4 (12.6)
2 (40.0)
3 (16.7)
22.6 (3.1) 27.6 (6.9)

30 (0)
0 (0)
26.9 (0)

39.9 (11.9)
5 (20.8)
26.6 (6.4)

1 (20.0)
3 (60.0)
1 (20.0)

11 (61.1)
6 (33.3)
1 (5.6)

1 (100.0) 13 (54.2)
0 (0)
9 (37.5)
0 (0)
2 (8.3)

0 (0)
0 (0)

10 (55.5)
3 (16.7)

0 (0)
0 (0)

5 (100)

5 (27.8)

1 (100.0) 11 (45.8)

10 (41.7)
3 (12.5)

42.5 (5.3) 43.4 (7.3)

35.0 (0)

42.9 (6.9)

2.1 (0.91) 11.2 (11.3)

0.5 (0)

8.9 (10.6)

Baseline characteristics of participants by workload levels.
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Results: Participants of the light manual group had the greatest
between-person variations in daily mean load rate; see Figure 1. The
mean load rate for the light manual group was similar to the heavy
manual group but was at least three times higher than the sedentary
group. The individual trends for PA were largely consistent but we did
observe extreme lower-limb loads across all study participants.
Conclusions: There are large interpersonal variations in PA and lowerlimb load particularly among light manual occupations. Our estimates
of lower-limb load were largely consistent with 'pre-conceived' levels of
physical demand but the extreme values observed across all participants raises the question of whether it is these extremes that carry the
increased risk of OA development and progression. We present a new
approach to monitoring PA and estimating lower-limb load utilising
daily survey data and smart devices which could be applied to future
occupational studies.
PRESENTATION NUMBER: 217
MECHANICAL TEMPORAL SUMMATION IS ASSOCIATED WITH
GREATER MUSCLE CO-CONTRACTION DURING WALKING IN KNEE
OSTEOARTHRITIS
S. Lee 1, T. Neogi 2, S. Eigenbrot 1, J.J. Stefanik 3, K.E. Costello 1, 2,
D. Kumar 1, 2. 1 Boston Univ., Boston, MA, USA; 2 Boston Univ. Sch. of Med.,
Boston, MA, USA; 3 Northeastern Univ., Boston, MA, USA
Purpose: People with knee osteoarthritis (OA) walk with altered motor
patterns, including excessive muscular co-contraction, that can lead to
disease worsening. Factors related to increased muscular co-contraction
during walking in people with knee OA are not well known, but one is
suggested to be pain sensitization. An abnormally augmented pain
response to repetitive mechanical stimuli can be present in people with
chronic pain. Mechanical loading during activities like walking could
activate peripheral and central nociceptive pathways ; if the central
nervous system is sensitized, it is possible that could then affect motor
function leading to altered muscle activity. The purpose of this study
was to investigate the association of pain sensitization with knee
muscle co-contraction during walking in people with knee OA.
Methods: Baseline data from participants with symptomatic medial
knee OA enrolled in a randomized clinical trial were used for these
analyses. Central pain sensitization was assessed as mechanical temporal summation (TS); TS was assessed at the patella of the painful knee
for the unilateral OA and most painful knee for the bilateral OA. Participants were asked to rate their pain at the stimulus site using a
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numeric rating scale (0-10 NRS) after a single application of a Von Frey
monoﬁlament (range 0.6g to 300g) starting with the lowest weight, and
repeating this process with monoﬁlaments of increasing weights until a
a minimum pain rating of 4/10 or the maximum weight was reached.
The selected monoﬁlament was then applied for ten consecutive stimuli
at a rate of 1Hz. At the end of the ten stimuli, the participants were
asked to rate their maximum pain during the repeated stimuli, and then
asked to rate their pain 15-, and 30- seconds after the end of the stimuli.
Mechanical TS was considered present if there was any increase in pain
rating immediately after, or 15- or 30-second after the train of stimuli
compared with the initial pain rating. Prior to assessment of mechanical
TS, all participants also underwent gait analysis during walking at their
self-selected and fast paces. Surface electromyography (EMG) electrodes were used to record muscle activity from vastus medialis (VM),
vastus lateralis (VL), medial hamstrings (MH), lateral hamstrings (LH),
medial gastrocnemius (MG), and lateral gastrocnemius (LG) of the
affected leg at the rate of 2000 Hz. Muscle activity was recorded concurrently and in temporal synchronization with ground reaction force
data using ﬂoor-imbedded force plates (@ 2000 Hz) and 3D trajectories
of retroreﬂective markers placed on various anatomical landmarks and
segments using 13-camera optical motion capture system (@ 250 Hz).
Four to six trials were collected at each walking pace. EMG signals were
normalized to the peak activation during maximum voluntary isometric
contraction (MVIC) for each muscle. Muscle co-contraction index (CCI)
was calculated using published methods for muscle pairs of VL and LH,
VM and MH, VL and LG, and VM and MG during pre-activation (100ms
before initial foot contact to initial foot contact), loading response (from
initial contact through peak knee ﬂexion), and mid-stance (from peak

Age, years*
Female, n (%)
BMI, kg/m2*
KOOS Pain*
Walking speed, m/s
Fast walking speed, m/s

TS absent (n¼18)

TS present (n¼24)

63.2 (6.7)
13 (72.2)
28.9 (4.2)
54.4 (13.3)
1.41 (0.16)
1.73 (0.24)

64.4(7.6)
19 (79.2)
29.0 (4.8)
58.6 (15.6)
1.35 (0.21)
1.61 (0.27)

Participant characteristics
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Pre-activation
TS absent

PRESENTATION NUMBER: 218
THE ASSOCIATION BETWEEN LONG TERM CHANGES IN KNEE JOINT
MOMENT FEATURES DURING WALKING, MUSCLE STRENGTH AND
WALKING SPEED IN ADULTS WITH AND WITHOUT KNEE JOINT
OSTEOARTHRITIS
C.L. Hubley-Kozey 1, J.L. Astephen Wilson 2, D.M. Ikeda 1, W.D. Stanish 1.
1
Dalhousie Univ., Halifax, NS, Canada; 2 McMaster Univ., Hamilton, ON,
Canada

*Mean ± SD

Table 1

knee ﬂexion through peak knee extension) phases of stance. Independent sample t-tests were used to compare CCI outcomes between
people with and without presence of mechanical TS at the knee.
Results: Of 42 participants in this study, 57% had mechanical TS at the
affected knee (Table 1). Compared to people without TS, those with
mechanical TS had greater VL-LH CCI during pre-activation while
walking at self-selected pace (D% ¼ 41.3%, p-value ¼ 0.023) and fast pace
(D% ¼ 39.3%, p-value ¼ 0.041) (Table 2). People with TS also had greater
VM-MH CCI during pre-activation while walking at face pace (D% ¼
41.9%, p-value ¼ 0.019) and during loading phase while walking at both
self-selected pace (D% ¼ 64.2%, p-value ¼ 0.035) and fast pace (D% ¼
73.1%, p-value ¼ 0.023) (Table 2). VL-LG CCI during midstance while
walking at self-selected pace was greater in people having TS (D% ¼
80.3%, p-value ¼ 0.022) (Table 2).
Conclusions: Our Results suggest central pain sensitization, assessed as
mechanical temporal summation, in people with painful medial knee
OA is associated with greater muscle co-contraction at the knee during
walking. The differences were seen for both medial and lateral muscle
groups and various gait phases suggesting that this abnormal motor
pattern may be non-speciﬁc to anatomical or biomechanical patterns of
disease. Prior research shows that this increase in co-contraction is
maladaptive and can worsen disease progression. A previous study
reported that greater co-contraction of quadriceps and hamstrings
during maximum voluntary isometric contraction was associated with
central sensitization in people with knee OA. Our ﬁndings suggest that
central sensitization may also be associated with altered motor function
during functional daily activities like walking. These results indicate
that strategies to reduce pain sensitization may also assist with normalization of motor patterns in people with knee OA. However, further
work is needed to determine the direction of associations given the
cross-sectional nature of this study.

Purpose: Cross-sectional studies have identiﬁed joint mechanics and
muscle function differences among individuals with knee osteoarthritis
(OA) across clinical and structural disease severities and there is
emerging evidence that these patterns can be predictive of OA progression outcomes. Speciﬁc knee adduction (KAM) and knee ﬂexion
(KFM) moment features during walking including higher overall KAM
and smaller differences in early stance peak KAM and KFM, have been

Loading response

Mid-stance

TS present

TS absent

TS present

TS absent

TS present

17.22 (8.40)*
13.63 (7.14)
6.21 (4.52)
6.39 (5.96)

12.26 (8.82)
7.89 (5.20)
11.86 (8.16)
8.07 (5.39)

19.66 (15.88)
12.96 (9.60)*
13.41 (10.63)
9.39 (7.21)

4.35
1.97
5.95
5.39

(4.98)
(2.33)
(4.99)
(5.10)

6.36 (7.58)
3.35 (4.84)
10.72 (7.80)*
8.21 (6.97)

24.21 (12.25)*
21.37 (9.87)*
8.40 (7.46)
10.78 (9.93)

17.59 (10.79)
9.95 (7.64)
14.86 (9.31)
11.35 (9.22)

25.10
17.22
14.21
12.95

5.98
3.15
8.76
8.89

(7.28)
(3.87)
(7.02)
(7.33)

8.41 (9.71)
4.21 (5.70)
14.09 (10.11)
13.84 (12.93)

Walking
VL-LH
VM-MH
VL-LG
VM-MG
VL-LH
VM-MH
VL-LG
VM-MG

12.19 (4.97)
11.08 (5.34)
4.36 (3.38)
5.44 (4.65)
Fast walking
17.38 (7.54)
15.06 (5.82)
5.40 (4.25)
8.59 (6.35)

(19.71)
(11.38)*
(11.15)
(8.41)

*Statistically signiﬁcant with alpha .05 level from the Independent sample t-test.

Table 2

Mean and standard deviation for muscle co-contraction during walking at self-selected and fast pace in people with
and without mechanical TS at the affected knee.

Osteoarthritis
andCartilage

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

associated with OA progression. The latter features have been associated
with a decrease in knee muscle strength and reduced walking speed has
been associated with lower KAM and KFM magnitudes. Few follow up
gait studies have examined whether decreases in walking speed and
muscle strength are associated with altered knee joint moment patterns,
speciﬁcally those associated with both structural and symptomatic progression. The purpose of this study was to determine the relationship
among the changes in gait features and muscle strength variables
between baseline and follow up measures and secondly to determine if
walking speed and strength differences explain signiﬁcant variance in
the changes in joint moment features over time in individuals with and
without knee OA. We hypothesized that walking speed differences would
explain signiﬁcant variance in the joint moment magnitude features
whereas knee joint muscle strength differences would explain signiﬁcant
variance in the joint moment differences features.
Methods: Sixty-two participants were from a previous cohort between
40 and 70 years old, including individuals diagnosed with knee OA
(n¼31) who were not surgical candidates and 31 individuals with no OA
diagnosis at baseline. Thirty-ﬁve participants were men. At baseline and
follow up, quadriceps, hamstring and plantar ﬂexor strength was
measured for maximal effort isometric contractions against an isokinetic dynamometer. Maximal torque values were calculated and
normalized to body mass (Nm/Kg). Three-dimensional motion from
standard marker placements and ground reaction forces were captured
during a self-selected over ground walk using a procedure shown to
produce reliable joint moment waveforms. KAM and KFM waveforms
were calculated using inverse dynamics, then waveforms were amplitude normalized (body mass (Nm/Kg)) and time normalized to % stance.
Principal Component Analysis (PCA) was applied to KAM and KFM
waveforms to capture magnitude (PC1) and differences operator (PC2)
features. Baseline descriptive statistics were calculated for demographic, joint moment PC scores, muscle strength and walking speed.
Differences between baseline and follow up PC scores, strength and
walking speed were calculated, and Pearson correlations were calculated among these variables. Stepwise regression models (alpha to enter
or remove ¼ 0.15) were derived to determine how much variance was
explained in the joint moment PC score difference by walking speed and
muscle strength differences.
Results: The participants average age was 53 (SD 8) years, mass 83 (SD
20) Kg, BMI 28 (SD 6) Kg/m2 and self-selected walking speed was 1.3 (SD
0.2) m/s. The average time between baseline and follow up gait
assessment was 7 (SD 1.9) years. Baseline quadriceps strength was 1.6
(SD 5) Nm/Kg, hamstring 0.7 (SD 0.23) Nm/Kg and plantar ﬂexor 1.2 (SD
0.4) Nm/Kg). Baseline data for the OA and the no OA group are found in
Tables 1 and 2.
Correlations between walking speed and joint moment features were
signiﬁcant for the KFM PC1 (overall magnitude) difference, r ¼0.416 (CI
0.19, 0.60) and for the KAM PC2 (early to mid-stance amplitude difference) difference r¼ 0.492 (CI 0.28, 0.66). For muscle strength the only
signiﬁcant correlation with gait features was for the plantar ﬂexor difference with the KAM PC2 differences, r¼0.264 (CI 0.02, 0.48). Quadriceps and hamstring strength difference correlations were not
signiﬁcant (r¼ 0.211 and 0.181 respectively) but all muscle strength
differences were signiﬁcantly correlated ranging from r¼0.277 for
plantar ﬂexors versus hamstring differences to r¼0.446 for plantar
ﬂexor versus quadriceps difference.
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A regression model including walking speed and plantar ﬂexor strength
differences explained 29% variance in KAM PC2 difference with walking
speed explaining the most variance (see Figure) and a model with walking
speed differences explained 17% variance in KFM PC1. Models were rerun
including sex and group (OA, no OA) as categorical factors given the differences in sex distribution between groups (12 men in no OA and 23 in
OA group). Adding sex and group improved variance explained in the
KAM PC2 difference model to 38% and the KFM PC1 to 28%.
Conclusions: The Results of this study in part support the hypotheses
that plantar ﬂexor strength and walking speed differences explains the
variance in the KAM PC2 differences, suggesting that lower plantar
ﬂexor strength and slower walking speed were associated with less
unloading of the medial compartment or a smaller difference between
early and mid-stance KAM at follow up. Walking speed was the only
factor included in the KFM PC1 difference regression model showing
that slower walking speed was associated with a lower KFM magnitude.
This suggests that knee muscle strength decline is not a key factor in
this lower KFM magnitude at follow up and examining the role of pain
for example given its association with slower walking speed is warranted. The inclusion of group improved the explained variance in both
models by about 10 percent. It was interesting that no models explained
signiﬁcant variance in KAM PC1 as walking speed has been shown to
alter KAM magnitude. In summary, the role of muscle strength decline
as a contributing factor to altered gait mechanics is only partially
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supported by these data and more robust models are needed to elucidate this relationship.
PRESENTATION NUMBER: 219
WEARABLE INERTIAL SENSORS FOR GAIT ANALYSIS IN ADULTS WITH
OSTEOARTHRITIS e A SCOPING REVIEW
D. Kobsar, Z. Masood, H. Khan, N. Khalil, M. Kiwan, S. Ridd, M. Tobis.
McMaster Univ., Hamilton, ON, Canada
Purpose: While there is no cure for OA, lower limb biomechanical
data collected during walking can provide valuable information on
the etiology, progression, and treatment of this disease. Unfortunately, these conventional systems can be expensive and timeconsuming, which make them inaccessible to many clinicians.
Fortunately, the advent of wearable inertial sensors has provided an
accessible and affordable alternative to conventional optical gait
analysis systems. This growing area of research has demonstrated
the immense potential of these devices, but the literature remains
fragmented across the broad ﬁeld of OA biomechanics. Therefore, in
conducting this scoping review we aimed to summarize the
growing body of literature using wearable inertial sensors for gait
analysis in OA. Speciﬁcally, our objective was to identify biomechanical outcomes and applications of wearable inertial sensors
for assessing walking gait in adults diagnosed with lower limb OA.
We aimed to highlight the quality and types of research prominent
in this ﬁeld, with a focus on biomechanical outcomes and important gaps to be addressed in future research.
Methods: We searched six databases using predetermined search
terms which highlighted the broad areas of inertial sensors, gait,
and osteoarthritis on June 9, 2020. Speciﬁcally, our criteria aimed to
include studies which used inertial sensors (i.e., accelerometers,
gyroscopes, and/or magnetometers) for walking gait analysis in
adults diagnosed with lower limb OA (e.g., hip, knee, or ankle).
Studies which only examined outcomes not related to an assessment of walking gait patterns (e.g., daily step count, physical
activity, energy expenditure) were not considered. Two authors
independently conducted title and abstract reviews, followed by
full-text screening. Study quality was also assessed by two independent reviewers. Data were extracted from included studies in
areas such as study design, osteoarthritis sample, protocols, and
inertial sensor outcomes.
Results: Search and Screening Results. Our search strategy identiﬁed
a total of 561 articles and 376 articles after duplicate removal. A
total of 107 articles were passed to full-text screening which were
further reduced to 72 studies included in our scoping review. The
PRISMA ﬂow diagram presented in Figure 1 documents all exclusions at the full-text level. The most common reason for exclusion
at the full-text level was “no biomechanical outcomes”, which was
generally the result of studies measuring only physical activity or
step count data. Osteoarthritis Sample and Protocols. The gait of
2,159 adults with OA were examined using wearable inertial sensors across the 72 studies. The most common location of OA
studied was the knee (n¼46), followed by the hip (n¼22), and the
ankle (n¼7). The most common placement of sensors was the back/
pelvis/torso (n¼41), followed closely by the shank (n¼40), foot
(n¼31), thigh (n¼27), and head/neck (n¼5). The most common
study design was found to be cross-sectional (n¼44), with most
examining differences in gait between OA and controls (n¼34).
There were 21 studies that utilized some type of longitudinal
design, with most examining the effect of surgery (n¼17) and 4
examining other interventions (e.g., exercise, gait retraining). Figure 2 illustrates the number of included studies published each
year, grouped by study design. Inertial Sensor Outcomes. Mean ST
parameters were the most common outcome as they were presented in 45 studies. The variability and symmetry of ST parameters were each presented in 14 studies. The second most common
outcome was segment orientation or joint angles, measured in 33
studies. Linear acceleration magnitudes were the third most common and appeared in 22 studies, with estimates of variability or
symmetry components surrounding these outcomes present in 10
studies. Figure 3 provides a visual representation of gait outcomes
by sensor locations.

Conclusions: Wearable inertial sensors provide an accessible and
affordable tool to support our understanding and treatment of OA
through gait analyses. We identiﬁed 72 studies which have utilized
wearable inertial sensors to assess OA gait. Overall, these studies
measured a wide range of outcomes from mean ST parameters to
the KAM and more. Similarly, the patient populations, study
designs, and sensor protocols varied greatly between studies. Twothirds of these studies were published in the past ﬁve years (Figure 1) and we predict that 2019 may be an inﬂection point
whereafter remarkable growth will occur in this area for years to
come. While mean ST parameters remain the most assessed outcomes in OA, recent work has highlighted inertial sensors ability to
measure more advanced outcomes such as knee joint angle, KAM,
and impact accelerations, as well as a variety of variability and
symmetry measures. Nevertheless, there remains a need for more
longitudinal study designs, patient-speciﬁc models, free-living
assessments, and a push for “Code Reuse” to maximize the unique
capabilities of these devices and ultimately improve how we
diagnose and treat this debilitating disease.
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(T1rhoLow), which is linked to lesser and greater proteoglycan density,
respectively. Separate one-way analyses of variance were performed to
compare 12-month T1rho MRI relaxation times in each condyle as well
as demographic outcomes between ﬁnal cluster proﬁles. Functional
analyses of variance were conducted to evaluate differences in KAM
throughout stance at both 6 and 12 months post-ACLR between
T1rhoHigh and T1rhoLow ACLR groups as well as between each ACL group
(i.e., T1rhoHigh and T1rhoLow) and uninjured controls. Comparisons
between waveforms were considered different at any percentile of the
stance phase where mean differences and corresponding 95% conﬁdence intervals did not cross zero (Figure 1b-Figure 1d).
Results: T1rhoHigh (n¼9, 67% female, 22.2±2.4 years, 23.1±1.2 kg/m2
12mo BMI) relaxation times were signiﬁcantly greater in the LFC
(p¼0.013), MFC (p<0.001), and MTC (p¼0.001) regions compared to
T1rhoLow (n¼17, 41% female, 22.7±4.5 years, 24.5±3.7 kg/m2 12mo
BMI). There were no signiﬁcant differences in any demographic
variables or self-selected gait speeds between the uninjured controls and ACLR individuals or between T1rhoHigh and T1rhoLow ACLR
groups. T1rhoHigh individuals demonstrated lesser KAM between
12-45% and 61-95% of stance compared to T1rhoLow individuals at 6

PRESENTATION NUMBER: 220
HIGHER 12-MONTH T1RHO RELAXATION TIMES ASSOCIATE WITH
LOWER EXTERNAL KNEE ADDUCTION MOMENT DURING WALKING
IN ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION PATIENTS
A. Evans-Pickett 1, C. Lisee 1, D. Hu 1, W. Horton 2, D. Lalush 1,
D. Nissman 1, J.T. Blackburn 1, J.T. Spang 1, B. Pietrosimone 1. 1 Univ. of
North Carolina at Chapel Hill, Chapel Hill, NC, USA; 2 2Univ. of California
at Santa Cruz, Santa Cruz, CA, USA
Purpose: Aberrant gait biomechanics following anterior cruciate ligament reconstruction (ACLR) are associated with the development of
posttraumatic osteoarthritis (PTOA). External knee adduction moment
(KAM) is used to estimate medial compartment loading during gait and
greater KAM is associated with more severe idiopathic knee osteoarthritis progression. However, there is conﬂicting evidence regarding
the association between KAM and PTOA development. Lesser KAM is
associated with worse joint tissue metabolism and articular cartilage
composition at 6 months post-ACLR. Others have reported that
increased KAM between pre-surgery and 6 months post-ACLR timepoints is associated with deleterious changes in articular cartilage
composition over the same time period. The purpose of this study was
to determine differences in KAM during gait at both 6 and 12 months
post-ACLR between groups of individuals based on tibiofemoral cartilage T1rho MRI relaxation time proﬁles (a marker of proteoglycan
density) at 12 months post-ACLR. Greater T1rho relaxation times were
interpreted a tibiofemoral cartilage composition with lesser proteoglycan density and worse cartilage degeneration. A comparison of KAM
to uninjured controls was used to contextualize KAM outcomes.
Methods: Twenty-six individuals (50% female, 6mo: 22.2±4.0 years,
24.0±3.1 kg/m2 body mass index [BMI]) with unilateral ACLR participated in a two-session (i.e., 6 months post-ACLR and 12 months postACLR) longitudinal study. T1rho MRI relaxation times were measured
12 months post-ACLR. KAM was collected at both time points during
overground walking at a self-selected speed. KAM was also collected on
thirty-four uninjured controls (47% female, 6mo: 21.1±2.9 years,
24.1±2.6 kg/m2 BMI) at a single time point using the same protocol.
KAM data were time normalized to 101 unique points of stance phase
between heel-strike (vertical ground reaction force [vGRF] > 20 N) and
toe-off (vGRF < 20 N) and normalized to the product of body weight
(BW) and height (m) (Figure 1a.1 and Figure 1a.2). MRI was collected on
a 3T scanner using a T1rho prepared three-dimensional Fast Low Angle
Shot (FLASH) sequence with a spin-lock power at 500Hz at ﬁve different
spin-lock durations (40, 30, 20, 10, 0 ms). Voxel-by-voxel T1rho relaxation maps were constructed from a ﬁve-image sequence using an
inhouse program. Weight bearing tibiofemoral articular cartilage was
manually segmented for the medial (MFC) and lateral femoral (LFC) and
tibial (MTC and LTC) condyles. Greater T1rho MRI relaxation times are
interpreted as less proteoglycan density. A k-means cluster analysis was
used to idenitfy unique groups of individuals based on T1rho relaxation
times for the LFC, LTC, MFC, and MTC at 12 months post-ACLR. The
cluster analysis led to the identiﬁcation of individuals with ACLR into
two groups with high (T1rhoHigh) and low T1rho relaxation times
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months post-ACLR (Figure 1b.1). Similarly, T1rhoHigh individuals
demonstrated lesser KAM between 18-31%, 60-63%, and 70-84% of
stance compared to T1rhoLow individuals 12 months post-ACLR
(Figure 1b.2). T1rhoLow individuals demonstrated greater KAM
through the majority of stance at 6 months (4-49% and 66-100%;
Figure 1c.1) and 12 months (5-12% and 20-91%; Figure 1c.2) postACLR compared to uninjured controls. T1rhoHigh individuals demonstrated lesser KAM through the majority of stance at 6 months
(17-31% and 74-89%) compared to uninured controls (Figure 1d.1).
There were no differences in KAM between T1rhoHigh and the
uninjured controls 12 months post-ACLR (Figure 1d.2).
Conclusions: Individuals with high T1rho MRI proﬁles (i.e., lower
proteoglycan density) at 12 months post-ACLR exhibited lower than
normal (i.e., relative to uninjured controls) KAM at 6 months post-ACLR.
Additionally, ACLR group with high T1rho MRI proﬁles exhibiting the
lowest KAM at 6 months post-ACLR tended to increase KAM between 6
and 12 months post-ACLR. Yet, the ACLR group with high T1rho MRI did
not demonstrate KAM magnitudes that exceeded the uninjured-controls at 12-months post-ACLR, suggesting KAM underloading at 6
months post-ACLR is linked to high T1rho MRI proﬁles following ACLR.
Future research should evaluate the potential protective inﬂuence of
greater KAM early following ACLR on maintaining articular cartilage
health.
PRESENTATION NUMBER: 221
INFLUENCE OF PEAK IMPACT FORCE MAGNITUDE AND SYMMETRY
ON THE PROGRESSION FROM UNILATERAL TO BILATERAL KNEE
PAIN: THE MOST STUDY
P. Corrigan 1, D.T. Felson 2, C.L. Lewis 2, K. Gross 3, M. Nevitt 4,
C.E. Lewis 5, J.C. Torner 6, J.J. Stefanik 1. 1 Northeastern Univ., Boston, MA,
USA; 2 Boston Univ., Boston, MA, USA; 3 Massachusetts Gen. Hosp. Inst.
for Health Professions, Boston, MA, USA; 4 Univ. of California, San
Francisco, CA, USA; 5 Univ. of Alabama, Birmingham, AL, USA; 6 Univ. of
Iowa, Iowa City, IA, USA
Purpose: In many cases, knee OA begins as unilateral disease with pain
in only one knee; yet, up to 90% of individuals with unilateral knee OA
develop bilateral knee OA within 10 years. This high incidence is concerning because bilateral knee OA is associated with greater functional
decline, worse pain, and lower quality of life compared to unilateral
knee OA. To this end, a critical need exists to determine why knee OA
commonly progresses from unilateral to bilateral disease. Increased
loading is a well-established risk factor for knee OA development and
progression. On average, individuals with unilateral knee OA load their
contralateral limb more than their painful limb while walking, which
Results in asymmetric loading. Progression from unilateral to bilateral
knee OA may partially be a result of increased loads on the contralateral
limb or asymmetry (i.e., relative loading between limbs), but this
remains unknown. Therefore, the aim of this study was to determine if
those with unilateral knee pain who load their contralateral limb more
than their painful limb while walking are more likely to develop
bilateral knee pain than those who load their painful limb more than
their contralateral limb while walking.
Methods: We used data from the 144- and 168-month visits of the
Multicenter Osteoarthritis (MOST) Study. MOST is a NIH-funded cohort
study of >3000 individuals with or at risk for knee OA. Individuals with
unilateral frequent knee pain (FKP; i.e., pain on most days of the past
month) at the 144-month study visit were included. At the 144-month
visit, participants walked at self-selected speed while ground reaction
forces were sampled at 1000 Hz with a force platform embedded in a
5.3-meter AccuGait walkway (AMTI Inc., Watertown, MA, USA). Those
with < 3 valid trials per limb were excluded from the analysis. Peak
impact forces (PIF) were determined for each limb by averaging the
maximum force during the ﬁrst half of stance for each trial. A symmetry
angle for PIFs was then calculated and used to categorize participants as
either having ‘greater load on the painful knee’ or ‘greater load on the
contralateral knee.’ To account for magnitude of loading, PIFs for both
limbs were averaged and the median was used to categorize participants has ‘high loaders’ or ‘low loaders.’ Our 4-level exposure was a
combination of loading symmetry and magnitude. The outcome, presence of bilateral FKP, was determined at the 168-month visit. Logistic
regression was used to determine the odds of progressing from unilateral to bilateral FKP for each exposure level. The referent group was
low loaders with greater load on their painful limb because we expected
this group to be the least likely to develop bilateral FKP. Covariates

included age, sex, weight, height, race, average gait speed, pain severity
for both knees, and self-reported time spent walking. Those with total
knee replacement were excluded.
Results: 241 participants in the MOST cohort had unilateral FKP at the
144-month visit and ﬁt our study criteria. 58% were female, 85% were
white, mean (SD) age was 61.1 (9.3) years, and body mass was 83.6
(18.4) kg. Average PIF was 876.9 (190.7) N on the painful limb and 883.6
(196.4) N on the contralateral limb. Of the 241 participants, 129 (53%)
loaded their contralateral limb more than their painful limb, and 42
(17%) had bilateral FKP at the 168-month visit. The outcome prevalence
for each exposure level is shown in the table below. Compared to those
with greater load on the painful limb, those with greater load on the
contralateral limb were less likely to develop bilateral FKP by the 168month visit. This was found in both low and high loaders.
Conclusions: The odds of progressing from unilateral to bilateral FKP is
reduced for those with greater PIFs on the contralateral limb compared
to the painful limb. These ﬁndings are surprising because they suggest
that greater PIFs on the contralateral limb are protective of developing
bilateral FKP. Further investigation is warranted, including reasons for
greater loading of the painful limb in the referent group and exploration
of joint speciﬁc loading from more sophisticated biomechanical procedures.

Low Loader AND > Load on
Painful Limb
Low Loader AND > Load on
Contralateral Limb
High Loader AND > Load on
Painful Limb
High Loader AND > Load on
Contralateral Limb

Outcome Prevalence
n/N (%)

Adjusted* Odds
Ratio (CI)

14/61 (23)

1.0 (Ref)

4/59 (7)

0.25 (0.07, 0.85)

12/51 (24)

0.37 (0.10, 1.30)

12/70 (17)

0.26 (0.07, 0.93)

*Adjusted for age, sex, weight, height, race, average gait speed, pain severity for
both knees, and self-reported time spent walking.

Odds of progressing from unilateral to bilateral frequent knee
pain.
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PRESENTATION NUMBER: 222
HIP, KNEE AND ANKLE KINEMATICS IMPROVE AFTER TOTAL KNEE
REPLACEMENT BUT DO NOT RETURN TO NORMAL
M. De Vecchis 1, J.B. Bowd 1, C. Wilson 2, G.M. Whatling 1, C.A. Holt 1,
D.E. Williams 1. 1 Cardiff Univ., Cardiff, United Kingdom; 2 Cardiff and Vale
Univ. Health Board, Cardiff, United Kingdom
Purpose: Total knee replacement (TKR) surgery is performed to reduce
pain and improve the function of the lower limb. Most of the current
literature focuses on knee kinematics pre and post-TKR, compared to
healthy controls. However, there is limited research exploring hip and
ankle kinematics before and after TKR and comparing them to nonpathological subjects (NP). This study aims to explore the differences in
hip, knee and ankle kinematics in the sagittal and frontal planes pre to
post-TKR and to investigate whether the lower limb joints’ kinematics
post-TKR normalise and compare to NP. This knowledge would help to
understand to which extent TKR helps to improve the whole lower limb
function.
Methods: In this longitudinal study, biomechanical data was collected
using a CAST marker set on 21 patients before and approximately 12
months post-TKR (22 knees, primary TKR) and 20 NP. All participants
gave written consent prior to data collection. Participants walked
barefoot at self-selected speed in a motion capture lab (Qualisys camera
system, Sweden) over a 10-meter walkway instrumented with 6 force
plates (Bertec Inc., Ohio). Additionally, patients’ active-assisted knee
range of movement (ROM) was recorded from a seated position for both
visits. The Oxford Knee Score (OKS) was recorded pre and post-TKR and
for NP. Visual 3D (C-Motion, Inc., MD) was used to calculate hip, knee
and ankle kinematics in the sagittal and frontal planes. The median
differences between pre and post-TKR data were calculated using the
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Wilcoxon signed-rank test (p-value  0.05). The median differences
between post-TKR and NP data were determined with the MannWhitney U test (p-value  0.05).
Results: Compared to NP (45% women), patients (25% women) pre-TKR
were signiﬁcantly older (median difference 19 years, p<0.001), heavier
(median difference 22.2 Kg, p<0.001) and had a higher body mass index
(median difference 7.32 Kg/m2, p<0.001). The OKS improved signiﬁcantly pre to post-TKR (median difference 15.5, p¼0.001) but postTKR, the OKS was not comparable to the NP (median difference 12,
p<0.001). The active-assisted knee ROM, gait variables, joint angles in
the sagittal and frontal planes are displayed in Table 1 for all groups. The
signiﬁcant differences between patients pre to post-TKR and between
NP and patients post-TKR are reported in Table 1 and highlighted in
dark grey. When compared to pre-TKR, patients post-TKR showed a
small but signiﬁcant increase in sagittal hip ROM (median difference
1.7, p¼0.008) and their value was comparable to NP. However, when
looking at post-TKR and NP hip peak angles, patients had a signiﬁcantly
larger hip ﬂexion (median difference 4.3 , p¼0.004) and, more prominently, a reduced hip extension (median difference 8.2 , p<0.001)
compared to NP. Pre to post-TKR, patients displayed a signiﬁcantly
improved knee extension both in the active-assisted assessment
(median difference 3.1, p¼0.004) and especially while walking
(median difference 5.9 , p¼0.001). This change resulted in a signiﬁcantly increased sagittal knee ROM during gait (median difference
8.5 , p<0.001). Despite this, after the surgery, patients’ peak knee
extension and ROM were still signiﬁcantly reduced when compared to
NP (median differences 6.9 , p<0.001 and 8.1, p¼0.001, respectively).
Considering the ankle, patients had a signiﬁcantly larger sagittal ROM
pre to post-TKR (median difference 8.5 , p<0.001), mainly due to a
signiﬁcant increase in peak ankle plantarﬂexion (median difference
3.1, p¼0.005). When comparing post-TKR patients to NP, the sagittal
ankle ROM values were similar but the patient’s peak dorsiﬂexion was
signiﬁcantly greater (median difference 4.7, p¼0.001) and their peak
plantar ﬂexion was signiﬁcantly smaller (median difference 4.8 ,
p¼0.019) than NP. In the frontal plane, the hip peak angles and ROM did
not change signiﬁcantly pre to post-TKR. When compared to NP,
patients showed a reduced peak hip abduction (median difference 3.7,
p¼0.002) and frontal hip ROM (median difference 3.6 , p<0.001) postTKR. Pre to post-TKR there was a signiﬁcant increase in peak knee
abduction (median difference 2.4 , p¼0.019), ankle inversion (median
difference 1.4 , p¼0.031) and a signiﬁcant decrease in ankle eversion
(median difference 2.4 , p¼0.051); the post-TKR values for these variables were comparable to those of NP. The frontal ankle ROM did not
change signiﬁcantly pre to post-TKR but it was signiﬁcantly reduced
post-TKR compared to NP (median difference 4.6 , p¼0.017). The
walking speed increased by 14% post-TKR (median difference 0.13 m/s,
p<0.001) but patients’ gait speed was 25% slower than NP one year after
the surgery (median difference 0.31 m/s, p<0.001). The walking cycle
duration was 6.9% longer in patients post-TKR compared to NP (median
difference 0.08 s, p<0.001), despite the 5.7% decrease after the surgery
(median difference 0.07 s, p,0.001). The stance time did not change pre
to post-TKR and it was signiﬁcantly longer in the patients’ group postsurgery when compared to NP (median difference 2.4%, p<0.001).
Conclusions: Patients who underwent TKR showed an increased
active-assisted knee extension and sagittal ROM one year after the
surgery; this reﬂected positively in the knee extension and sagittal ROM
during gait post-TKR. Pre to post-TKR, patients exhibited increased
sagittal hip, ankle and mostly knee ROMs during gait, with augmented
knee extension and ankle plantarﬂexion. In the frontal plane, only the
knee peak valgus angle and ankle inversion increased and ankle eversion decreased pre to post-TKR. Patients did not display a return to
healthy joints’ kinematics one year after TKR and this may be because
the NP group in this study was much younger than the patients’ one.
The sagittal hip and ankle ROM were comparable to NP but they were
shifted towards the ﬂexion range with markedly reduced extension at
the hip, and towards the dorsiﬂexion range with reduced plantarﬂexion
at the ankle. Patients showed a stiffer knee during gait as their knee
sagittal ROM and peak extension were markedly limited compared to
NP. Additionally, patients post-TKR had limited hip and ankle mobility
in the frontal plane, unlike NP. The current investigation showed that
patients had an improvement in hip, knee and ankle kinematics following TKR, mainly in the sagittal plane and at the knee joint. However,
the lower limb kinematics was not comparable to that of NP in patients
post-TKR, whose largest limitations were observed in hip and knee
extension and knee ROM in the sagittal plane, and hip and ankle ROM in
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the frontal plane. This study suggests that it is important to consider hip
and ankle joints alongside the knee when exploring patients’ kinematics to evaluate TKR outcomes and during the rehabilitation process.
More research is needed to determine which are the factors that could
affect hip and ankle mobility following TKR surgery.

PRESENTATION NUMBER: 223
EFFECTS OF INCLINE AND DECLINE WALKING ON NEUROMUSCULAR
ACTIVATION
IN
INDIVIDUALS
WITH
FEMOROACETABULAR
IMPINGEMENT
C.J. Halliwell 1, D. Rutherford 1, J. Moreside 1, I. Wong 2, R. Moyer 1.
1
Dalhousie Univ., Halifax, NS, Canada; 2 Nova Scotia Health Authority,
Halifax, NS, Canada
Purpose: Femoroacetabular impingement (FAI) is a proliferative musculoskeletal diagnosis in young adults and thought to be a signiﬁcant
contributor to hip OA development. Although level ground walking is
considered the gold standard for quantifying lower extremity muscular
activations, reported neuromuscular alterations in this population are
limited and ﬁndings are inconsistent, thus highlighting whether more
challenged walking tasks are necessary to better understand hip joint
mechanics in individuals with FAI. Previous research in asymptomatic
individuals during challenged inclined and declined walking has shown
progressive increases in muscular activation of the knee ﬂexors,
extensors and gluteus muscles during progressive inclined and declined
walking conditions. To our knowledge, there are no studies examining
the effects of inclined and declined challenged walking on lower
extremity neuromuscular activations in individuals with FAI. Therefore,
the purpose of this study was to investigate the neuromuscular activation patterns of the hip during level ground walking and challenged
walking activities, including inclined and declined walking, in individuals with FAI and asymptomatic individuals.
Methods: Seven individuals with a clinical diagnosis of FAI (3M/4F) and
seven asymptomatic individuals (2M/5F) were recruited to participate.
All individuals with FAI were recruited from an orthopaedic surgeon’s
clinic and diagnosed with FAI based on a triad of signs and symptoms
including pain reproduced with hip ﬂexion/abduction/external rotation, groin pain with hip ﬂexion, or sharp pain with ﬂexion and internal
rotation. Radiographic evidence for FAI included an alpha angle >55o
and/or acetabular retroversion. Asymptomatic participants were
recruited from the local community. All participants underwent gait
analysis using an instrumented treadmill and treadmill walking speed
was determined using a GaitRITE instrumented walkway. Participants
were prepared for surface electromyography (EMG) using a standardized protocol. Surface electrodes were placed bilaterally in a bipolar
conﬁguration over the vastus medialis and lateralis, rectus femoris,
medial and lateral hamstrings, as well as gluteus maximus and medius.
The treadmill walking protocol consisted of four randomized inclined
and declined walking conditions including: 5o and 10o inclines, and 5o
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and 10o declines. Participants walked for three minutes in each condition, and during the third minute a 20-second data collection was
recorded. After participants completed the inclined walking protocol,
maximum voluntary isometric contractions (MVIC) were then collected
for the knee ﬂexors and extensors, hip ﬂexors and extensors and hip
abduction and adduction. Surface EMG proﬁles were amplitude normalized using the maximum amplitude calculated for all corresponding
MVIC trials. For asymptomatic participants, the study limb was randomly selected for analysis. The peak and mean activation for MVIC
normalized activation amplitudes during stance were calculated. A 2way mixed methods analysis of variance (ANOVA) was used to test for
group by condition interactions and main effects for muscle activation.
Effect sizes were calculated using the mean difference between groups
for each walking condition and interpreted using previously determined cut points for Cohen’s d including 0.2 (small), 0.5 (moderate),
and 0.8 (large).
Results: No signiﬁcant group by condition interactions were observed
for any muscular outcomes (p>0.05). A signiﬁcant main effect for
walking condition (p<0.01) was observed for peak and mean vastus
medialis, lateralis and rectus femoris activation, suggesting increased
quadricep activation during all challenged conditions. No signiﬁcant
between group differences were identiﬁed (p>0.05), however; moderate to large effect sizes were observed for all walking conditions for
peak (d¼0.61-1.39) and mean (d¼0.56-0.99) vastus medialis, except the
5o declined walking condition (d¼0.46) and vastus lateralis activation
(d¼0.55-0.88) suggesting that individuals with FAI may walk with less
vastus medialis and lateralis activation compared to asymptomatic
individuals. For peak rectus femoris, small effect sizes (d¼0.22-0.42)
were observed for most walking conditions with a moderate effect size
observed during the 5o declined walking condition (d¼0.52). No effects
were identiﬁed for any inclined walking trial for mean rectus femoris
activation. A signiﬁcant main effect for walking condition (p<0.001)
was observed for peak and mean medial and lateral hamstring activation, suggesting increased activation of the hamstrings during inclined
walking and decreased activation during declined walking. No signiﬁcant between group differences were identiﬁed (p>0.05), with small
effect sizes observed for peak and mean medial hamstring activation
(d<0.5) and a moderate effect size observed for the 10o inclined walking
condition for peak lateral hamstring activation (d¼0.57), indicating that
there may be minimal differences in hamstring activation between
individual’s with FAI and asymptomatic individuals. A signiﬁcant main
effect for walking condition (p<0.01) was observed for peak and mean
gluteus maximus and medius activation, suggesting increased activation of the gluteus muscles during inclined walking and decreased
activation during declined walking. No signiﬁcant between group
effects were identiﬁed (p>0.05); however, moderate effect sizes were
observed for peak gluteus maximus activation during 10o inclined
(d¼0.73) and declined (d¼0.70) walking conditions, suggesting that
individuals with FAI may walk with reduced gluteus maximus activation compared to asymptomatic individuals. For mean gluteus maximus
activation, a moderate effect size was observed during the 10o inclined
walking condition (d¼0.64). For all walking conditions, moderate to
large effect sizes (d¼0.60-0.87) were observed for peak gluteus medius
activation, suggesting that individuals with FAI may walk with reduced
peak gluteus medius activation compared to asymptomatic individuals.
No effects were identiﬁed for mean activation.
Conclusions: To our knowledge this was the ﬁrst study to examine
neuromuscular activations between individuals with FAI and asymptomatic individuals during challenged inclined and declined walking.
Although statistical differences between groups were not observed,
effect sizes suggest that individuals with FAI may walk with reduced
activation of the knee and hip extensors as well as hip abductors. The
moderate to large effect sizes observed, particularly for the gluteus
muscles, suggest decreased activation in individuals with FAI, which
contrasts the signiﬁcant increases in activation observed in individuals
with severe hip OA compared to asymptomatic individuals. More
research is needed examining muscular activation patterns in individuals with FAI to better understand its potential role in hip OA onset. The
Results of this study may inform future investigations examining
challenged walking in individuals with FAI, as well as provide new
insight into abnormal hip joint function that may facilitate tailoring
rehabilitative strategies. Further research examining the pathologyrelated effects on biomechanical and neuromuscular outcomes is needed to better understand hip joint mechanics and abnormal loading
relevant to disease progression.

PRESENTATION NUMBER: 224
WALKING BIOMECHANICS DO NOT DIFFER BETWEEN SYMPTOMATIC
AND ASYMPTOMATIC PATIENTS 6-MONTHS FOLLOWING ANTERIOR
CRUCIATE LIGAMENT RECONSTRUCTION
K. Collins 1, C. Lisee 2, T. Birchmeier 1, A. Triplett 1, M. Walaszek 1,
M. Shingles 1, C. Kuenze 1. 1 Michigan State Univ., East Lansing, MI, USA;
2
Univ. of North Carolina, Chapel Hill, NC, USA
Purpose: Incidence of anterior cruciate ligament (ACL) injury and
subsequent surgical reconstruction (ACLR) has been steadily increasing
over the last few decades especially among the adolescent population.
While a majority of individuals with ACLR consider their treatment
successful and most individuals return to some level of physical activity
participation following rehabilitation, patients are still at risk for
development of knee osteoarthritis (OA). After only one year following
ACLR, 33% of patients will have magnetic resonance imaging (MRI)based evidence of knee OA, 33% of patients will experience clinically
unacceptable symptoms, and 11% of patients believe that their treatment has already failed. There is growing evidence that individuals with
and at risk for symptomatic knee OA exhibit poorer lower extremity gait
biomechanics and slower gait speed. Individuals with ACLR similarly
exhibit poorer movement strategies including reduced peak knee
ﬂexion angles and external knee ﬂexion moments, which have been
associated with knee joint cartilage degeneration that may contribute
to future development of knee OA. Early assessment of factors that may
contribute to knee OA development and poorer patient-reported kneerelated symptoms is essential. Therefore, the purpose of this study was
to evaluate and compare walking biomechanics in patients reporting
unacceptable and patients reporting acceptable symptoms four to six
months following ACLR.
Methods: Twenty-three individuals between the ages of 13 and 25
years with history of primary, unilateral ACLR were included in this
analysis. Patients completed an assessment of three-dimensional lower
extremity gait biomechanics in a laboratory setting. Kinematic and
kinetic data were captured with a 10-camera 3-D motion capture system and two embedded force platforms. Participants were asked to
complete ﬁve successful walking gait trials at their preferred walking
speed (± 5%). A trial was considered successful if participants walked
such that one foot landed on each platform during subsequent foot
strikes without normal gait being disrupted and so that the entire foot
landed on the platform, capturing at least one stride. Peak knee ﬂexion
angles and knee extension moments were extracted from both limbs,
and averaged across all ﬁve trials for each participant. All kinetic outcomes (knee extension moments) were normalized to body mass (Nm/
kg). To compare sagittal plane biomechanics between groups, limb
symmetry indices (LSI) were calculated by between limb differences of
peak knee ﬂexion angle and peak knee extension moments utilizing the
following equation: LSI ¼ (involved limb value / uninvolved limb value)
x 100%. Patients were also asked to complete the Knee Osteoarthritis
Outcomes Score (KOOS) questionnaire. All subsections of the KOOS
were scored independently (0-100). Patients reporting  87.5 for KOOSQuality of Life (KOOS-QOL) and at least two of the other subsections (
85.7 KOOS-Symptoms (KOOS-Sx),  86.1 KOOS-Pain,  86.8 KOOSActivities of Daily Living (KOOS-ADL), and  85.0 KOOS-Sports) were
considered to have clinically meaningful symptoms based on cut-off
scores reported by Englund et al. All other individuals were considered
clinically asymptomatic. Peak knee ﬂexion angle limb symmetry indices
and peak knee extension moment limb symmetry indices were calculated and compared between groups utilizing 2 separate ANCOVA (1:
Peak Knee Flexion Angles, 2: Peak Knee Extension Moment).
Results: Based upon previously established KOOS subsection cut-off
scores, 13 patients reported clinically signiﬁcant symptoms and were
therefore assigned to the symptomatic group for analysis, and the
remaining 10 patients did not report clinically signiﬁcant symptoms, and
were assigned to the asymptomatic group. Participant demographic
information is included in Table 1 for the asymptomatic and symptomatic groups, with no differences between groups for age, sex, and time
since surgery. Symptomatic individuals exhibited worse KOOS- Quality
of Life, KOOS-Symptoms, KOOS-Sports, and KOOS-Pain scores when
compared to asymptomatic individuals (P<0.001 to P¼0.01) (Table 1).
Peak knee ﬂexion angle limb symmetry indices and peak knee extension
moment limb symmetry indices did not differ between groups (Table 2).
Conclusions: Lower extremity walking biomechanics, including peak
knee ﬂexion angle and peak knee extension moment LSI, were not
signiﬁcantly different between symptomatic and asymptomatic
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patients four to six months following ACLR. Since patients 6-months
following ACLR typically have low symptom burden, and those symptomatic individuals usually report symptoms during activities of higher
intensity than habitual walking speed, this may be a limitation to
evaluating the relationship between these two groups. While poor gait
biomechanics and slower walking speed are associated with kneerelated symptoms in individuals with knee OA, the symptomatic and
asymptomatic groups with history of recent ACLR did not exhibit differing gait biomechanics. Further investigation of differences in functional outcomes between symptomatic and asymptomatic patients
with history of traumatic knee injury may be helpful in identifying
those individuals who are at increased risk for development of knee OA.

PRESENTATION NUMBER: 225
ASSOCIATIONS BETWEEN SAGITTAL PLANE WALKING KINEMATICS
AND FEMORAL CARTILAGE ULTRASOUND ECHO-INTENSITY IN
INDIVIDUALS
WITH
SYMPTOMATIC
RADIOGRAPHIC
KNEE
OSTEOARTHRITIS
S.J. Pfeiffer 1, D.B. Nissman 2, D.L. Givens 2, R. Sorensen 3, J. Drahzal 2,
E.A. Wikstrom 2, T. Blackburn 2, B. Pietrosimone 2. 1 Ohio Univ., Athens,
OH, USA; 2 Univ. of North Carolina at Chapel Hill, Chapel Hill, NC, USA;
3
East Carolina Univ., Greenville, NC, USA
Purpose: Ultrasound (US) has recently emerged as a valid and reliable
tool for assessing femoral articular cartilage. Previous US studies have
demonstrated that individuals with knee OA exhibit thinner cartilage
with greater irregularities on the cartilage borders and more irregular
femoral cartilage compared to healthy age-matched controls. Similarly,
US echo-intensity (EI) values for cartilage are higher in individuals with
knee OA compared to healthy controls, which may reﬂect alterations in
femoral articular cartilage, such as an increase in the relative water
content of the tissue. As alterations in cartilage health and integrity
occur during OA development, ambulatory changes are commonly
observed during walking and may contribute to the progression of knee
OA. While it is known that individuals with knee OA demonstrate less
knee ﬂexion excursion (KFE) during walking, there is ambiguity surrounding alterations in peak knee ﬂexion angle (KFA), with previous
research observing that individuals with knee OA may show greater or
lesser peak KFA during walking compared to healthy controls. Alterations in these sagittal plane kinematics can alter tibiofemoral contact
characteristics and may lead to harmful changes within the joint
associated with knee OA progression. However, it is unknown whether
alterations in these sagittal plane kinematics associate with US outcomes of femoral cartilage in individuals with knee OA. Therefore, the
purpose of this study was to determine the associations between
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femoral cartilage US EI and sagittal plane kinematics (KFE and peak
KFA) in individuals with symptomatic, radiographic knee OA.
Methods: Twenty-seven individuals (70% female, 60.8 ± 7.7 years old,
29.1 ± 4.0 kg/m2, Kellgren-Lawrence [KL] score ¼ 3.2 ± 0.7, walking
speed ¼ 1.1±0.2 m/s) diagnosed with knee OA participated in this crosssectional study. Self-reported function was quantiﬁed using the Western Ontario and McMaster Universities Osteoarthritis Index function
(WOMAC-Function) subscale. Additionally, participants were included
if they scored greater than 21 on the WOMAC function sub-scale,
indicating a high degree of physical dysfunction (WOMAC-Function
group mean ¼ 28.3 ± 8.7). Walking speed was assessed over a 6-meter
walkway using infrared timing gates. Participants performed ﬁve trials
of walking gait at self-selected speed while wearing shoes. Walking gait
kinematics were assessed using a ten camera 3-dimensional motion
capture software (Vicon, Nexus). Kinematic data was sampled at 120 Hz
and lowpass ﬁltered at 10 Hz (4th order recursive Butterworth). Peak
KFA and KFE were extracted from the ﬁrst 50% of stance phase of gait in
the involved limb. Peak KFA was calculated as the shank segment referenced to the thigh segment coordinate system using Euler angles such
that ﬂexion represented a positive value. KFE was calculated as the
difference in peak KFA in the ﬁrst 50% of stance and KFA at initial
contact. Prior to US acquisition, individuals rested in a long-sit position
on a plinth for 45 minutes to eliminate any effects of preceding physical
activity on the femoral cartilage. A single investigator performed the US
assessment of the anterior femoral cartilage on the knee previously
diagnosed with radiographic knee OA. In individuals with bilateral knee
OA, the involved limb was deﬁned as the one that the participant selfreported as having the most dysfunction. Participants laid ﬂat on the
plinth with their knee ﬂexed to 130o during US acquisition. The US
probe was placed transversely between the medial and lateral femoral
condyles, superior to the patella, and rotated in the sagittal plane to
maximize reﬂectivity of the femoral articular cartilage. Three images
were acquired and the femoral cartilage was manually segmented Total,
Medial, and Lateral regions of interest using the imageJ software.
Femoral cartilage EI (a.u.: arbitrary unit) was calculated as the average
greyscale value for each pixel within each region of interest. Separate,
stepwise linear regressions were conducted to determine the amount of
variance in the EI measures for each region, individually, explained by
peak KFA and KFE of the involved limb, individually. Self-selected
walking speed and KL score were entered into the regression model as
covariates prior to the biomechanical variable of interest. The change in
R2 was reported, following the insertion of the covariates, in order to
determine the unique contribution of each sagittal plane kinematic
variable on the variance associated with the US outcome of interest (i.e.
Total EI, Medial EI, and Lateral EI). The two-tailed level of signiﬁcance
was set a priori at p0.05 and all analyses were performed using the
Statistical Package for the Social Sciences (SPSS, version 25, IBM Corp.,
Somers, NY).
Results: Greater peak KFA signiﬁcantly associated with higher femoral
EI for the Total (DR2 ¼ 0.122, b ¼ 0.356, P ¼ 0.043) and Medial (DR2 ¼
0.229, b ¼ 0.487, P ¼ 0.003) regions of the femoral cartilage. Peak KFA
did not signiﬁcantly associate with femoral EI of the Lateral region of
interest. Additionally, KFE did not signiﬁcantly associate with femoral EI
for any region of interest.
Conclusions: While greater peak KFA during walking signiﬁcantly
associated with higher femoral cartilage EI in individuals with knee OA,
indicating that greater peak KFA associates with potentially negative
alterations in femoral cartilage. The location of the US acquisition is
hypothesized to measure articular cartilage in the femoral trochlea,
which articulates with the patella. As such, the ﬁndings of this study
may have implications for the patellofemoral joint as greater peak KFA
may associate with higher patellofemoral contact forces. Additionally,
previous research has demonstrated that individuals with knee OA may
utilize a crouched gait strategy during walking, whereby they walk with
higher peak KFA but lesser overall KFE. This gait strategy can increase
the duration of the force applied to certain regions of the cartilage. As
cartilage requires regular loading and unloading to preserve structural
and compositional integrity, this increase in duration of loading as a
result of the crouching gait strategy may have deleterious implications
for cartilage health. Future studies should evaluate other biomechanical
variables of the tibiofemoral joint, along with contact forces at the
patellofemoral joint, in conjunction with the current US technique to
better understand how alterations in peak KFA may negatively inﬂuence cartilage health. However, novel US acquisition techniques are
needed to assess cartilage further posterior in the tibiofemoral joint in
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order to better assess how alterations in KFA may inﬂuence cartilage
throughout the joint in individuals with knee OA.
PRESENTATION NUMBER: 226
THE DEVELOPMENT OF A STRESS TEST FOR ASSESSING THE
METABOLIC STATE OF ARTICULAR CARTILAGE
P. Jayabalan 1, 2, C. Hanaoka 1, 2, V. Darbhe 1, S. Deshmukh 2. 1 Shirley Ryan
AbilityLab, Chicago, IL, USA; 2 Northwestern Feinberg Sch. of Med.,
Chicago, IL, USA
Purpose: Clinically, the inability to assess the overall condition of cartilage prevents detection of the early changes that predate symptoms
and also negatively impact clinicians’ ability to deﬁne an appropriate
physical activity regimen with optimal loading intensity and duration
for the patients’ clinical state. Most prior studies evaluate cartilage
under static loading conditions, whereas assessing the in vivo cartilage
response to load would provide a more physiologic and meaningful
assessment of the status of cartilage health. A potential clinical
assessment can be made using a stimulus-response framework that
applies quantitative graded biomechanical stimuli to the joint with
responses determined by measurement of speciﬁc disease-related
markers, such as a serum biomarker of cartilage turnover (cartilage
oligomeric matrix protein, COMP). Prior stimulus response frameworks
have utilized a ﬂat walking loading paradigm which does not isolate a
stress to a particular joint and has resulting in a biomarker response
that is non-speciﬁc to a joint. We have developed an innovative
mechanical stimulus protocol using a medial/laterally tilted treadmill
allowing up to 10º of angulation while walking. The objective of the
present study was to assess the difference in biomarker (COMP)
response to an angular tilt paradigm in individuals with and without
knee OA and across risk factors for knee OA (age, sex and BMI) and
radiographic severity of knee OA.
Methods: Subjects: The study had IRB approval (IRB#STU00204429).
Individuals with normal knees (i.e. without a history of knee pain, or
prior surgery completed a speciﬁc treadmill walking session (n¼10,
mean age 24.2þ/- 4.2, 6 males, 4 females) were compared to individuals
with knee OA (n¼10, mean age 65.9þ/-9.4, 5 males 5 females). A custom
fabricated treadmill in our laboratory that allows up to 10 lateral
angular tilt walking and regular ﬂat walking was utilized for this study.
Walking protocol: For each study session subjects walked 30 minutes
ﬂat on a treadmill at a self-selected speed (which is the equivalent of a
rating of 13-14, ‘somewhat hard’ on the Borg Scale of perceived exertion) and 30 minutes of lateral angular tilt walking in which the
treadmill is tilted at a 10-degree angle The order in which they do each
of the walking protocols was randomized. The direction of angulation
was randomized to the left in individuals in control subjects and
towards the side with the higher knee pain in individuals with knee OA.
Biomechanical Assessment: Functional three-dimensional motion
analysis will be performed using an eight-camera system (Motion
Analysis Corporation, Santa Rosa, CA) during all bouts of walking. Serum
biomarker assessment: Five milliliter blood samples were drawn via an
IV peripheral line every 15 and 30 mins during the walking sessions and
for up to 60 mins post-walking. The concentration of COMP was
determined using a commercially available assay according to the
manufacturer’s protocol. Pain assessment: Pain every 15 minutes of
walking was assessed using the Numeric Pain Rating Scale (NPRS).
Radiographic assessment: OA subjects had radiographs performed at
baseline that were scored using Kellgren-Lawrence (K-L) criteria. Statistical analysis: Signiﬁcant differences in serum COMP concentration
were measured with signiﬁcance set at p<0.05.
Results: All subjects were able to complete the walking protocol with
no signiﬁcant increase in knee pain. We ﬁrstly investigated the effect of
tilt walking on joint kinematics throughout the lower extremity. When
comparing across joints, we found that in normal knees the effect size
for change in kinematics was highest in the frontal plane of the lower
knee (Cohen’s d¼0.82). Speciﬁcally the lower knee joint had the highest
change in adduction angulation compared to other joints in the lower
extremity. Closer examination of this change, speciﬁcally in individuals
with medial knee OA found that the lower knee, developed an adduction angulation throughout the entire stance phase (p<0.0001) and also
during the swing phase (p<0.002). At peak initial contact, there was
122.3% increase in knee adduction angle of the lower knee compared to
when walking ﬂat, and at mid-stance there was a 57.9% increase. There
was also a moderate positive relationship between change in knee
adduction angle during initial contact and serum COMP concentration

(r¼0.43, p¼0.042).Individuals with knee OA had a signiﬁcantly higher
percentage change in COMP concentration after 30 minutes of tiltwalking than those without knee OA (p¼0.02). Individuals in the nonOA group had a 22.3% increase in serum COMP concentration with tiltwalking, compared to 9.7% increase when walking on a ﬂat treadmill
(p¼0.048). However, participants with OA had a 44.2% increase in
serum COMP concentration compared to a 3.7% increase (p¼0.002),
when walking on a tilted or ﬂat treadmill, respectively. Similarly, the
serum concentrations of MMP-13 increased in response to 30 minutes
of tilt walking (p¼0.002) but not ﬂat walking, in the OA group. There
was a signiﬁcant correlation between the percentage change in serum
COMP and MMP-13 concentration in the OA group with tilt-walking
(r¼0.67, p¼0.042). When evaluating participants with knee OA we
further assessed the COMP biomarker response in individuals with
certain risk factors for knee OA i.e. age sex and BMI. We found that
individuals with knee OA, who were female, above the age of 60, and
who had a BMI>30 had a signiﬁcantly higher COMP response at 30
minutes of tilt walking (p<0.05). In addition, individuals who had K-L
grades 1-3 radiographic knee OA had a signiﬁcantly higher COMP
response to tilt walking compared to individuals with K-L grade 4 knee
OA. The latter is unsurprising since individuals with grade 4 knee OA
have less cartilage than those with less severe knee OA, potentially
leading to a lower COMP response.
Conclusions: This study is the ﬁrst to evaluate the stress response to a
novel angular tilting paradigm comparing subjects with knee OA and
those with normal knees. Lateral angular tilt walking of 10 does appear
to place a safe biomechanical stress that did not exacerbate subject pain.
Our data suggests that this stress is able to cause a signiﬁcant change in
a biomarker associated with cartilage tissue turnover, COMP in individuals with and without knee joint disease. The differential response
across individuals with and without knee OA and severity of radiographic disease was able to be elucidated from the response to the
biomechanical stimulus in as little as 30 minutes. In addition, in those
with knee OA, there was a signiﬁcantly larger response in individuals
with known risk factors for OA progression (older age, female sex and
higher BMI)

PRESENTATION NUMBER: 227
FOURIER ANALYSIS OF VERTICAL GROUND REACTION FORCES
DISTINGUISHES GAIT PATTERNS IN HIP, KNEE, AND ANKLE
OSTEOARTHRITIS
T.P. Trentadue 1, R.M. Queen 2, D. Schmitt 3. 1 Mayo Clinic, Rochester, MN,
USA; 2 Virginia Tech, Blacksburg, VA, USA; 3 Duke Univ., Durham, NC, USA
Purpose: Osteoarthritis (OA) of the hip, knee, and ankle are prevalent
diseases associated with pain and impaired function. Gait changes in OA
include altered walking speeds, stance time, step time, step length, and
stride length. Vertical ground reaction force (VGRF) curves reﬂect
spring mechanics of the leg while the lower extremity interacts with
the ground. In normal conditions, the VGRF is a bimodal curve wherein
two maxima are separated by a local minimum near midstance. Previous studies of VGRFs in participants with OA have demonstrated
reduced peak forces in OA compared to control participants; there were
signiﬁcant differences between hip (HOA) and knee OA (KOA) as well as
HOA and ankle OA (AOA); however, there were no statistically signiﬁcant differences between the KOA and AOA participants. These
analyses focused on discrete events within the weight acceptance versus propulsive phases of gait and did not assess the entire VGRF
waveform. While reporting on single data points, such as the maxima of
the bimodal peaks and the local minimum, provides information about
gait, Fourier analysis allows for a more rigorous quantitative description
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of the entire VGRF curve. Fourier analysis, which represents sinusoidal
curves as a sum of their cosine and sine components, provides an
exciting opportunity to analyze gait. VGRFs are sinusoidal waveforms
that represent periodic movement, and their shapes reﬂect limb function, including stiffness. Previous studies have demonstrated that
Fourier analysis can distinguish known variations in normal versus
compliant gait and that certain coefﬁcients describe changes in height
and timing of curve maxima and minima, and they also vary with the
presence of impact spikes or variations in the loading response phase.
To our understanding, Fourier analysis is not widely utilized in a clinical
context, though differences in Fourier coefﬁcients offer the potential to
distinguish pathological gait and be used as markers of gait dysfunction.
We sought to determine (1) whether Fourier analysis can be used to
distinguish VGRFs in joints with clinical and radiographic OA compared
to control participants, (2) whether Fourier analysis reveals speciﬁc
patterns that distinguish VGRFs in HOA, KOA, and AOA, and (3) whether
there are differences between controls and asymptomatic contralateral
extremities in participants with lower extremity OA.
Methods: This is a secondary analysis of data previously collected and
stored in a clinical and biomechanical database. Subjects with radiographic and symptomatic HOA, KOA, and AOA scheduled for total joint
arthroplasty at the index joint had kinetic and kinematic data collected
within one month of surgery. VGRF data were collected using a series of
embedded force plates (OR6-7 and BP600-900, AMTI, Watertown, MA)
at a sampling frequency of 1200 Hz. The data were downsampled to 60
Hz (control) and 120 Hz (osteoarthritis). We divided VGRF curves into
ﬁve groups: control, HOA, KOA, AOA, or composite asymptomatic contralateral extremity in participants with OA (contralateral). Since gait is
periodic, we terminally zero-padded VGRF data to twice the length of
the vector. Zero-padding captures the assumption that there is signal
beyond the range of collected data; in gait analysis, this can be conceptualized as representing swing phase prior to subsequent stance
phase. We ﬁt an eight-term Fourier series to the zero-padded data. We
compared Fourier coefﬁcients using Mann-Whitney U tests or with
Kruskal-Wallis and post-hoc Mann-Whitney U tests as applicable. We
accounted for multiple comparisons with Dunn-Bonferroni corrections.
Results: In this preliminary analysis, we included 742 VGRFs from 59
subjects from a larger sample of patients with OA. We present demographic data in Table 1. In testing our ﬁrst hypothesis, we found that the
following coefﬁcients are signiﬁcantly different between control and
any OA: a2, b3, b4, a5, b5, b6, b7, b8 (p<0.001). Sinusoidal period (u) is
signiﬁcantly greater in control versus OA (median 4.804 versus 4.226;
p<0.001). We report median (25th-75th percentile) coefﬁcients for OA
the subgroups in Table 2. In our second hypothesis, we found that the
following coefﬁcients are signiﬁcantly different between OA subgroups:
b1, a2, a3, b3, b4, a5^, b5, a6, b6, a7, b7, a8, b8^(p<0.001 unless indicated
by^p<0.01). In post-hoc Mann-Whitney U tests, there were statistically
different between: *, HOA and KOA (8 coefﬁcients); y, HOA and AOA (6
coefﬁcients); z, KOA and AOA (7 coefﬁcients). Across all OA subgroups, u
is statistically signiﬁcant by Kruskal-Wallis (p<0.001) and pairwise
between HOA and KOA as well as HOA and AOA (p<0.001). For the third
hypothesis, we found that the following Fourier coefﬁcients are
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signiﬁcantly different between control and contralateral: a1, a2, a3, b3,
a4, b4, a5, a6, a7, b7, b8 (p<0.001). We present demonstrative Fourier
reconstructions of control, HOA, KOA, AOA, and contralateral VGRFs,
constructed using the median coefﬁcients and contact times, in Figure 1.

Figure 1 Composite Fourier series reconstructions of walking gait for

limbs with OA by affected joint and for controls (left) and a comparison of unaffected limb in control patients compared to a a
composite of the unaffected (contralateral) limb for all OA groups
summed (right). VGRF reconstructions were created using the
median Fourier coefﬁcients for each gait type over the median
contact time for each condition. To calculate contact time, the
number of samples is divided by the sampling frequency (120 Hz or
60 Hz as appropriate). “Contralateral” refers to the composite
unaffected limb Fourier coefﬁcients in patients with any lower
extremity OA.

Cohort

N

Age (years)

Sex, female

BMI (kg / m2)

All
Control
Hip OA
Knee OA
Ankle OA

59
15
13
10
21

57.4
49.2
54.8
60.6
63.4

34 (57.6)
7 (46.7)
9 (69.2)
7 (70.0)
11 (52.4)

29.0
25.4
26.3
30.4
32.7

Table 1

(10.4)
(7.1)
(7.2)
(7.4)
(11.1)

Demographics of the cohort
and stratiﬁed by osteoarthritis
status, mean (SD) or n (%).

(7.4)
(8.4)
(5.2)
(5.9)
(6.8)

Osteoarthritis
andCartilage

Coefﬁcient

HOA

KOA

AOA

p

b1yz
a2*z
a3y
b3*z
b4y
a5y
b5*z
a6*z
b6*y
a7y
b7*z
a8*z
b8*

0.550 (0.51 - 0.568)
-0.104 (-0.121 - -0.059)
0.065 (0.048 - 0.088)
0.155 (0.122 - 0.196)
0.070 (0.037 - 0.089)
0.006 (-0.002 - 0.014)
0.005 (-0.005 - 0.024)
-0.047 (-0.057 - -0.028)
0.039 (0.032 - 0.045)
-0.006 (-0.011 - 0.002)
-0.010 (-0.016 - -0.003)
-0.011 (-0.017 - -0.003)
0.019 (0.014 - 0.024)

0.553 (0.546 - 0.563)
-0.149 (-0.18 - -0.121)
0.047 (0.03 - 0.068)
0.099 (0.068 - 0.14)
0.039 (0.023 - 0.073)
0.008 (0.001 - 0.015)
-0.023 (-0.032 - -0.016)
-0.020 (-0.03 - -0.012)
0.021 (0.018 - 0.032)
-0.001 (-0.008 - 0.009)
-0.017 (-0.021 - -0.01)
0.002 (-0.005 - 0.008)
0.014 (0.01 - 0.017)

0.567 (0.553 - 0.578)
-0.108 (-0.14 - -0.076)
0.050 (0.034 - 0.066)
0.153 (0.109 - 0.193)
0.039 (0.025 - 0.061)
0.012 (0.002 - 0.028)
0.012 (0 - 0.022)
-0.043 (-0.059 - -0.022)
0.027 (0.019 - 0.039)
0.002 (-0.004 - 0.01)
-0.008 (-0.016 - 0.009)
-0.014 (-0.022 - -0.008)
0.017 (0.011 - 0.022)

2.49E-05
1.82E-06
1.74E-04
3.26E-05
1.84E-05
2.90E-03
1.57E-11
8.62E-06
6.25E-05
1.47E-05
4.35E-05
7.65E-10
2.31E-03

Median (25th-75th percentile) Fourier coefﬁcients statistically different between OA subgroups.
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Conclusions: Lower extremity OA is associated with notable qualitative and quantitative changes in gait, which are reﬂected in Fourier
coefﬁcients. Previous studies suggested that qualitative differences in
the VGRFs, particularly in the propulsive phase of gait, may have
reﬂected varying limb mechanics. Fourier analysis supports these
qualitative descriptors, as there were statistically signiﬁcant differences in coefﬁcients known to modify the VGRF loading response
phase in curve reconstruction. Different coefﬁcients distinguish VGRF
features, such as amplitude of each peak, loading and unloading
rates, and the relative time spent in each portion of the stance phase.
This analysis reveals that Fourier coefﬁcients can distinguish VGRFs
in lower extremity OA patients from normal gait as well as between
the different types of lower extremity OA. Further, OA in one joint has
been associated with compensatory modiﬁcations in biomechanics in
both ipsilateral and contralateral joints; this was reﬂected quantitatively in eleven Fourier coefﬁcients. Fourier analysis represents a
novel approach to investigating gait pathomechanics in a cohort with
OA. This study, which demonstrates that Fourier series can distinguish differences in gait in participants with OA, motivates future
studies to investigate whether Fourier coefﬁcients can be used to
predict OA site and severity.
PRESENTATION NUMBER: 228
THE MICROBIOME DOES NOT INFLUENCE CARTILAGE DEGRADATION
FOLLOWING JOINT DESTABILISATION IN MICE WHEN PERFORMED
UNDER STRINGENTLY CONTROLLED CONDITIONS
J. Miotla Zarebska, C. Pearson, J. Selby, C. Moussa, B. Scott,
C. dos Santos Duarte, T. Vincent. Kennedy Inst., Univ. of Oxford, Oxford,
United Kingdom
Purpose: The inﬂuence of gut bacteria in the modulation of disease
severity of OA is poorly understood. Reports to date on the role of the
microbiome in germ free (GF) models of OA are conﬂicting and haven’t
always been stringently controlled. In the present study, surgical
induction of OA by destabilisation of the medial meniscus (DMM) was
used to examine the potential inﬂuence of the microbiome on cartilage
damage severity.
Methods: Male C57BL/6J mice used in the present study were bred and
housed in the gnotobiotic facility at the Kennedy Institute. Microbiome
analysis by 16S rRNA amplicon sequencing was performed on stool
samples from mice prior to DMM surgery. At 10 weeks of age, mice were
randomly selected for sham (n¼6-8) or DMM (n¼17-20) surgery, which
was performed in sterile Class II cabinets. Knees from operated mice
were harvested at 8 or 12wks post DMM. Faecal samples were collected
post surgery and at the end of the experiment to test GF status. Joints
were sectioned and severity of cartilage degradation was assessed in a
blinded method according to OARSI guidelines. No mice were excluded
from data analysis. Differences were analysed by ANOVA with Tukey
post test correction and P values less than 0.05 were considered statistically signiﬁcant. Control (speciﬁc pathogen free, SPF) male C57BL/6J
mice (originally derived from the GF founders) were bred under SPF
conditions but housed in an environment to mimic the GF conditions in
terms of bedding, food (irradiated) and water, and underwent sham
(n¼4-6) or DMM (n¼11-13) surgery at 10 weeks for analysis after 8 and
12wks.
Results: All mice were conﬁrmed GF at the time of surgery but 50%
tested positive for microbes at the end of the surgical procedure suggesting contamination at the time of surgery (indicated in red dots).
Proteoglycan loss and cartilage erosion were evident in SPF and GF mice
12 wks after surgery. Cartilage damage following DMM was signiﬁcantly higher than sham in both groups, but was not different
between GF and SPF mice. Cartilage damage seen at 8wks was modest
and only reached signiﬁcance over sham-operated in GF mice. No signiﬁcant differences in scores between the GF and SPF DMM groups were
demonstrated. No apparent relationship between those animals that
became contaminated at the time of surgery and disease scores was
seen.
Conclusions: The present study shows that signiﬁcant cartilage degradation occurs in GF mice undergoing DMM at both timepoints. The
disease severity was not altered by the absence of a microbiome, nor
apparently when mice lost their GF status during the experimental
course. When SPF mice were housed under tightly matched cage conditions to the GF mice, disease appeared indistinguishable. The absence
of a gut microbiome does not appear to protect the cartilage from
erosion after joint destabilisation.

PRESENTATION NUMBER: 229
OPTIMIZATION
OF
HISTOLOGIC
GRADING
SCHEMES
IN
SPONTANEOUS AND SURGICALLY-INDUCED MURINE MODELS OF
OSTEOARTHRITIS
A.R. Armstrong 1, A.K. Rendahl 1, C.S. Carlson 1, R.F. Loeser, Jr. 2. 1 Univ. of
Minnesota, St. Paul, MN, USA; 2 Univ. of North Carolina Sch. of Med.,
Chapel Hill, NC, USA
Purpose: Murine models of osteoarthritis (OA) are commonly used to
discover new pathways involved in OA and histologic evaluation is the
gold standard for determination of OA severity. The primary objective of
this study was to determine the ramiﬁcations of applying the Articular
Cartilage Structure (ACS) or Osteoarthritis Research Society International (OARSI) grading scheme to either a single mid-coronal section or
multiple sections of the stiﬂe (knee joint) in two murine models: young
mice with surgically-induced (destabilization of the medial meniscus/
DMM) OA and older mice with naturally occurring OA. The grading
schemes were evaluated for their ability to determine OA severity when
applied to either a single mid-coronal section or multiple sections (used
to generate a sum, average, or highest grade from six coronal sections)
across a cohort of 40 mice with varying degrees of OA. The performance
of the grading schemes in determining OA severity was compared.
Additional objectives were to determine the relative importance of a
speciﬁc stain on the ability to histologically evaluate OA severity by
comparing hematoxylin & eosin (H&E) stained sections to toluidine
blue stained sections and to determine the features explaining the
greatest variability among the sections.
Methods: Six coronal histologic stiﬂe joint sections were collected
from 40 C57BL/6J mice, including aged mice with spontaneous OA
(approximately 18 months of age; n¼15) and young (12-week-old)
mice that either underwent destabilization of the medial meniscus
(DMM) surgery (n¼15) or sham surgery (n¼10) and were sacriﬁced
eight weeks later (20 weeks old). The medial and lateral tibial
plateaus (MTP/LTP) and femoral condyles (MFC/LFC) were evaluated
with the standard OARSI (0-6) scheme using toluidine blue-stained
sections, a modiﬁed OARSI scheme using H&E-stained sections, and
the ACS (0-12) scheme. In addition, histomorphometry was performed and included the area and thickness of the articular cartilage, calciﬁed cartilage, and subchondral bone, and the percent area
of chondrocyte cell death (CCD) within the articular cartilage. The
location of the most severe OA lesions was determined for both
models. Osteophytes (0-3) and synovial hyperplasia (0-3) were also
graded. Principal components analysis (PCA) was used to determine
the features explaining the greatest variability among the midcoronal sections.
Results: The majority of the mid-coronal femoral condylar grades were
equal to or less than the tibial plateau grades; grading was therefore
focused on the medial and lateral tibial plateaus (MTP/LTP). The grading
schemes performed similarly when applied to a single mid-coronal
section or six total coronal sections per joint (n¼40). The sum grade
(sum of the 6 sections per joint) had a strong linear correlation with the
mid-coronal grade for both the OARSI and ACS grading schemes (see
Figure) with strong positive correlations based on Pearson correlation
coefﬁcients (OARSI r ¼ 0.917, 95% CI: 0.848, 0.956; ACS r ¼ 0.919, 95% CI:
0.852, 0.957).
The most severe OA grades were at the mid-coronal point or within
one section of mid-coronal (within 120 um) in 77.5% of OARSIgraded MTP sections and 80% of ACS-graded MTP sections. The
average grade of six sections (average MTP grade þ average LTP
grade) resulted in a lower mean grade as compared to the mid-
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coronal grade (MTPþLTP), while use of the highest grade generated
a signiﬁcantly higher mean than the mid-coronal mean grade
(OARSI p<0.0001, ACS p<0.0001). The OARSI grading scheme produced similar Results when applied to H&E or toluidine bluestained sections. Aged mice had higher LTP severity scores than
DMM mice (mid-coronal OARSI grade aged¼2.3 and DMM¼ 1.1,
p¼0.0006; ACS grade aged¼4.1 and DMM¼1.6, p¼0.0024).
Based on histomorphometry, the aged mice had signiﬁcantly
increased area and average thickness of subchondral bone as compared to the DMM mice (aged mean area ¼ 150000 um2, DMM mean
area ¼ 85000 um2, area p¼0.0016; aged mean thickness ¼ 138 um,
DMM mean thickness 84 um. thickness p¼0.0023) but had a similar
area and average thickness of articular and calciﬁed cartilage. The
percentage of CCD was much higher in aged mice compared to the
DMM mice (aged mean ¼ 56.2% vs. DMM mean ¼ 12.58%; p<0.0001).
There was no signiﬁcant treatment difference in the MTP osteophyte
or synovial hyperplasia grades (Wilcoxon signed rank test; osteophytes p¼0.1838, synovial hyperplasia p¼0.0792). PCA resulted in
retention of four factors that accounted for 78.4% of the total variance.
Factor 1 (36.4%) included the OARSI grade, ACS grade, Toluidine blue
grade, articular cartilage area and thickness, and the osteophyte grade.
Conclusions: The OARSI and ACS grading schemes performed
comparably when applied to a group of mice with a range of OA
severities and when evaluated with either a mid-coronal grade or a
summed grade, suggesting that grading of a single well-aligned
mid-coronal section may be sufﬁcient in aging or DMM OA models.
Small differences in the mean grade were apparent when different
grading methods (average, mid-coronal, highest) were used, but the
biological signiﬁcance of these differences is not clear and is likely
to be small. Both grading schemes were able to detect a signiﬁcant
difference in the mean OA severity between the young sham mice
and the aged mice, regardless of the number of sections evaluated
or the method used to determine the overall grade. H&E stained
sections were sufﬁcient for evaluation with either grading scheme
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p-value for
difference
between
aged and
DMM mice
(ACS)
Average Grade Aged Mice
(MTP+LTP)
DMM Mice
Average Grade Aged Mice
(LTP)
DMM Mice
Aged Mice
Mid-Coronal
Grade
(MTP+LTP)
DMM Mice
Mid-Coronal
Aged Mice
Grade (LTP)
DMM Mice
Highest Grade Aged Mice
(MTP+LTP)
DMM Mice
Highest Grade Aged Mice
(LTP)
DMM Mice

p-value for
difference
between
aged and
DMM mice
(OARSI)

6.5±4.5

3.5±1.6 0.6782

0.2671

6.1±4.5
3.8±2.8

2.8±1.5
1.9±0.7 <0.0001

<0.0001

1.0±1.8
7.8±6.5

0.8±0.8
4.2±1.5 0.7861

0.5375

8.2±6.1
4.1±3.9

3.8±1.7
2.3±0.9 0.0024

0.0006

1.6±2.5
1.1±0.9
11.9±6.1 5.5±2.1 0.1695

0.2123

9.6±5.
6.9±3.9

4.6±1.9
2.9±1.0 <0.0001

0.0002

1.9±2.7

1.5±1.1

Summary statistics for the ACS
and OARSI grades by group.
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and allowed assessment of chondrocyte cell death as an alternative
to proteoglycan loss, which may help avoid artifactual variation in
specimens due to staining techniques. Grading of a single midcoronal section using either the OARSI or ACS schemes combined
with osteophyte and histomorphometric measures appears to
consistently deﬁne OA severity in murine aging and DMM models.
Histomorphometry of features such as chondrocyte cell death may
aid in detecting subtle differences between models that are not
appreciated by grading alone.
PRESENTATION NUMBER: 230
THE PGRN-TNFR2-14-3-3e-ELK-1 AXIS REGULATES CHONDROCYTE
METABOLISM AND OSTEOARTHRITIS
W. Fu, M. Chen, Y. Ding, A. Hettinghouse, C. Liu. New York Univ. Med.
Ctr., New York, NY, USA
Purpose: TNFR1 primarily mediates inﬂammatory activity of TNFa and
is responsible for cartilage degradation and bone erosion in arthritis.
Growing evidences indicate that TNFR2 plays a protective and antiinﬂammatory role in various diseases and conditions, including
inﬂammatory arthritis; however, the role of the TNFR2 pathway in the
pathogenesis of osteoarthritis (OA) remains unknown. The current
study is aimed to decipher TNFR2 receptor complex and pathway in
cartilage homeostasis and OA.
Methods: Both Rosa26-CreERT2 and Agc1CreERT2 strains were obtained
from Jackson Laboratory. 14-3-3eﬂox/ﬂox mouse was obtained from Dr.
Kazuhito Toyo-oka at Drexel University College of Medicine. Mass
spectrometry and TF array analysis were employed to identify the
binding partners and downstream transcription factors. CRISPR/Cas9
technology was used to knockout 14-3-3e in human chondrocytes.
Signaling pathways, anabolic and catabolic reactions, as well as characterization and analysis of OA phenotypes were performed with either
chondrocytes or OA animal models, accordingly.
Results: 14-3-3e was identiﬁed as an intracellular component of
TNFR2 receptor complex and required for PGRN mediated
chondro-protective effects. Our previous genetic screen isolated
TNFR2 as the binding receptor of progranulin (PGRN), a growth
factor-like molecule. Remarkably, PGRN exhibits an approximately
600-fold higher binding afﬁnity to TNFR2 than does TNFa.
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Additionally, PGRN-mediated protective effects against OA was also
largely lost in TNFR2-/- mice, indicating that TNFR2 pathway plays a
critical role in PGRN-stimulated chondro-protective effects. Subsequently, 14-3-3e was identiﬁed as a novel component of TNFR2
receptor complex in response to PGRN stimulation in a biochemical
co-puriﬁcation, followed by proteomics screen. In order to determine the role of 14-3-3e in chondrocytes, we ﬁrst deleted the 14-33e gene in human C28I2 chondrocytes using CRISPR/Cas9. TNFR2
was speciﬁcally detectable in the immunoprecipitated complex
from PGRN treated chondrocytes, but not untreated or TNFa treated
cells, indicating that 14-3-3e associated with TNFR2 in response to
PGRN (Fig. 1a). Deletion of 14-3-3e markedly inhibited the
expression of anabolic markers, type II collagen (Col2a1) and
aggrecan (Acan), Additionally, PGRN induced expressions of Col2a1
and Acan were basically abolished in 14-3-3e KO chondrocytes
(Fig. 1b). Re-expression of 14-3-3e in 14-3-3e knockout C28I2 cells
reversed the phenotype induced by 14-3-3e deﬁciency, more
importantly, it could restore PGRN mediated regulation of chondrocytes in terms of enhanced anabolism (Fig. 1c, d). These in vitro
results indicated that 14-3-3e is an inevitable component of PGRN/
TNFR2 receptor complex. 14-3-3e deﬁciency largely impaired
PGRN-mediated protective effect against OA. To explore whether
PGRN's protective effect against OA also depends on 14-3-3e in vivo.
We generated inducible global 14-3-3e-/- by crossing Rosa26CreERT2 mouse with 14-3-3eﬂox/ﬂox mice. We then established the
surgically induced DMM OA model in 14-3-3eﬂox/ﬂox, and 14-3-3e-/-,
followed by intra-articular injection of PBS or PGRN twice per week
starting from 4 weeks after surgery for a total of 8 weeks. We
demonstrated that surgically-induced OA caused destruction of
articular cartilage in WT, and 14-3-3e-/- mice with intra-articular
injection of PBS. By contrast, PGRN could remarkably protect the
structure of articular cartilage as evidence by markedly less cartilage loss in WT OA mice, while PGRN-mediated protective effect
was almost completely abolished in 14-3-3e-/- OA mice (Fig. 2a).
Severe cartilage loss with oseteophyte development and thickening
of the subchondral bone were observed in 14-3-3e-/- OA mice as
compared to WT control, and PGRN treatment could lead to substantial reductions in DMM induced cartilage loss, osteophyte formation and the thickening of subchondral bone, while these effects
were largely lost in 14-3-3e-/- OA mice (Fig.2b). Immunohistochemical staining also showed much less positive signals for
ColX, Aggrecan neoepitope, COMP fragments in WT OA mice, while
the expressions of all these OA markers showed no obvious change
in 14-3-3e-/- OA mice in response to PGRN treatment (Fig.2c).
COMP-fragment speciﬁc ELISA assay of sera also revealed that the
14-3-3e deﬁciency exaggerated DMM-induced degradation of COMP,
and PGRN mediated inhibition of COMP degradation was lost in 143-3e-/- mice (Fig. 2d). In addition, DMM-induced OA pain was signiﬁcantly reduced in PGRN treated WT OA mice, and this effect also
depended on 14-3-3e (Fig.2e). Collectively, these results demonstrate that 14-3-3e is also required for PGRN's protective effects in
OA. PGRN/TNFR2/14-3-3e signaling regulates chondrocyte

anabolism by activating SRF/Elk-1 transcriptional factor. To elucidate the molecular mechanisms by which PGRN/TNFR2/14-3-3e
regulated chondrocyte metabolism, we identiﬁed transcriptional
factor(s) activated by this signaling pathway using a transcription
factor array kit. Among the 45 transcription factors examined, SRF/
Elk-1 showed more than 2-fold increase in transcriptional activity
following PGRN treatment in WT primary chondrocytes, and more
importantly, the effects were lost in primary chondrocytes isolated
from either TNFR2-/- or 14-3-3e-/- mice (Fig.3a). Si-RNA mediated
knockdown of Elk-1 dramatically blocked PGRN’s anabolic activity
(Fig.3b). Taken together, PGRN activates chondrocyte anabolism and
protects against OA mainly through binding to TNFR2 and recruiting 14-3-33 to the receptor complex, followed by the activation of
SRF/Elk-1 transcription factor (Fig.3c). It is also noted that PGRN’s
anti-TNF/TNFR1 inﬂammatory and catabolic activity also contributes
its therapeutic effects against OA.
Conclusions: Our Results indicate that the PGRN/TNFR2/14-3-3e/SRFElk-1 axis plays a pivotal role in chondrocyte metabolism and OA. These
ﬁndings not only advance our understanding of the TNFR2 pathway in
cartilage homeostasis and degeneration, but may also lead to the
development of novel interventions for OA.
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(Figure 2B) of animals treated intraoperatively with Atsttrin loaded E5C
Hydrogel relative to those from animals receiving no preventative
treatment. Representative pseudo-color T2 map overlays are shown in
Figure 2C. Safranin O staining of femoral plateaus (Figure 2D) and
semiquantitative Mankin grading of articular cartilage further indicate a
chondroprotective effect of the Atsttrin loaded E5C Hydrogel. Immunohistochemical staining also demonstrates upregulated levels of
catabolic molecules, including Aggrecan Neoepitope (NITEGE), p65 and

PRESENTATION NUMBER: 231
SUSTAINED DELIVERY OF PGRN-DERIVATIVE ATSTTRIN VIA E5C
HYDROGEL PROTECTS CARTILAGE AND BONE QUALITY IN A RABBIT
MODEL OF POST-TRAUMATIC OSTEOARTHRITIS
A. Hettinghouse 1, P. Katyal 2, C. Chen 1, M. Cui 1, S. Hasan 1, G. Sun 1,
J. Montclare 2, C. Liu 1. 1 NYU Sch. of Med., New York, NY, USA; 2 NYU
Tandon Sch. of Engineering, New York, NY, USA
Purpose: We have developed a protein-engineered thermo-responsive
hydrogel, comprised of elastin (E) and cartilage oligomeric matrix
protein coiled-coil (C), capable of providing sustained delivery of our
chondroprotective engineered progranulin (PGRN)-derivative, Atsttrin
(Tang et al., Science, 2011). Here, we characterize the impact of hydrogel
delivered Atsttrin on chondrocyte viability and metabolism in vitro and
describe the protective effects of injectable E5C hydrogel and Atsttrinloaded E5C hydrogel in a rabbit anterior cruciate ligament transection
(ACLT) induced model of post-traumatic osteoarthritis.
Methods: C28/I2 human chondrocytes were used for in vitro evaluation
of hydrogels. All animal work was performed in accordance with protocols approved by the New York University IACUC. ACLT was performed bilaterally in mature male New Zealand rabbits followed by
intraoperative intraarticular injection of PBS, Atsttrin (0.5mg/mL), E5C
Hydrogel alone or E5C Hydrogel loaded with Atsttrin (0.5mg/mL).
Rabbits were sacriﬁced at 8-weeks post-op. Micro-CT was implemented
to evaluated changes in bone morphometry. Cartilage destruction was
assessed via MR imaging and histological grading.
Results: Extended Drug delivery via Atsttrin-loaded E5C Hydrogel
exerts pro-anabolic and anti-catabolic effects of Atsttrin in vitro.
MTT assay conﬁrmed absence of cytotoxic effects of E5C hydrogel loaded
with Attstrin (1000ng/ml) (Figure 1A). Indirect ELISA demonstrated
prolonged release of Atsttrin (0.5ug/ml) from E5C Hydrogel (Figure 1B,
C). Atsttrin alone and E5C hydrogel loaded with Attstrin stimulated dose
dependent inhibition and stimulation of catabolic (MMP13, NOS2, and
ADAMTS4) and anabolic markers, respectively, at the mRNA level in
vitro (Figure 1 D, E). Atsttrin-loaded E5C Hydrogel protects cartilage
during OA progression. Quantiﬁcation of T2 values demonstrates signiﬁcantly lower T2 values, correlating to maintenance of cartilage
integrity, in regions of interest highlighting weight bearing cartilage of
the lateral femoral condoyle (Figure 2A) and medial tibial plateau

S194

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

MMP13, (Figure 2E) in untreated rabbits relative to recipients of Atsttrin
loaded E5C hydrogel. Atsttrin-loaded E5C Hydrogel protects bone
quality during OA progression. Measures of bone morphometry were
analyzed by microCT in anterior, central, and posterior aspects of the
weight-bearing region of femoral condyles (Figure 3 A-H). Averaging
over treatment group reveals statistically signiﬁcant differences in
BMD, BV/TV, Tb.N, and Tb.S between Atsttrin loaded E5C Hydrogel
treated animals and non-treated counterparts (Figure 3I-L). Manual
segmentation of osteophytic tissue further revealed signiﬁcantly less
osteophytic tissue in animals treated with Atsttrin loaded E5C Hydrogel
relative to OA-controls (Fig. 3M).
Conclusions: Our Results provide in vitro and in vivo evidence that
sustained delivery of our engineered PGRN-derivative, Atsttrin, may
have potential in modifying the osteoarthritic progression of traumatic
injuries to cartilage and subchondral bone. This study reveals exciting
evidence highlighting the therapeutic potential of sustained delivery of
Atsttrin, our novel inhibitor of the TNFa/TNFR1 inﬂammatory pathway
and activator of the TNFR2 protective/anti-inﬂammatory pathway, in
augmenting the progression of cartilage injury and opens an exciting
exploratory avenue for the development of novel therapeutic intervention strategies for osteoarthritis. Successful prevention of arthritis
by application of E5C hydrogel loaded with Atsttrin will support a
strong case for testing these reagents in a clinical trial in future.
PRESENTATION NUMBER: 232
GENETICALLY MODIFIED HUMAN BONE MARROW ASPIRATES BY
RAAV MEDIATED OVEREXPRESSION OF SOX9 AND TGF-BETA
VIAPNASS-GRAFTED
POLY(E-CAPROLACTONE)
FILM-GUIDED
DELIVERY ACTIVATES THE CHONDROGENIC ACTIVITY UPON
IMPLANTATION IN HUMAN OSTEOCHONDRAL DEFECTS
 2, A. Leroux 2,
C. Marmillon 1, J.K. Venkatesan 1, C. Falentin-Daudre
V. Migonney 2, M. Cucchiarini 1. 1 Saarland Univ., Homburg, Germany;
2
Universit
e Paris 13-UMR CNRS 7244-CSPBAT-LBPS-UFR SMBH, Bobigny,
Paris, France
Purpose: Adult articular cartilage has a limited ability for self-healing in
response to injury. Gene transfer using the clinically adapted
recombinant adeno-associated virus (rAAV) vector is a powerful tool for
cartilage repair [1] but the pre-existence of neutralizing antibodies
against viral capsid epitopes in patients may impede gene transfer in
vivo [2]. To circumvent such a barrier, we tested the feasibility of
delivering therapeutic (chondrogenic sox9 and TGF-b) rAAV vectors in
reparative human bone marrow aspirates by vector delivery using
poly(sodium styrene sulfonate) (pNaSS)-grafted poly(e-caprolactone)
(PCL) ﬁlms for implantation in a human osteochondral defect model as
a potential scaffold-guided gene therapy option [1].

Methods: The PCL ﬁlms were fabricated using a spin-coating method
[3]. For grafting with pNaSS, the ﬁlms were suspended under stirring
into distilled water at room temperature. The following conditions were
tested: absence of pNaSS grafting (PCL conditions) versus pNaSS grafting
(1.3 x 10-5 mol/g pNaSS; pNaSS-PCL conditions). rAAV vectors were
packaged, puriﬁed, and titrated as previously described [4-6]. rAAV-lacZ
carries the E. coli b-galactosidase (lacZ) reporter gene, rAAV-FLAG-hsox9
a human sox9 sequence, and rAAV-hTGF-b a 1.2-kb human transforming
growth factor beta 1 sequence, all controlled by the CMV-IE promoter/
enhancer [4-6]. Immobilization of rAAV on the ﬁlms was performed by
adding the vectors (40 ml) with 0.002% poly-L-lysine [6]. Human bone
marrow aspirates (hBMAs) were obtained from the distal femurs of
donors undergoing total knee arthroplasty (n ¼ 10) [6]. hBMAs (150 ml)
were placed on the ﬁlms with ﬁbrinogen (17 mg/ml)/thrombin (5 U/ml)
(Baxter, Volketswil, Switzerland). Human osteochondral defects
(hOCDs; 4-mm diameter) were created in standardized cylindrical
punched human osteoarthritic cartilage biopsies (6-mm diameter) [5].
hBMAs were implanted in hOCDs and kept in 750 ml chondrogenic
medium for up to 21 days. Biochemical assays were performed using
papain-digested OCDs. The proteoglycan contents were assessed by
binding to dimethylmethylene blue dye, the DNA contents by Hoechst
33258 assay, and the total protein contents using a Pierce BCA Protein
assay [4-6]. Total RNA was extracted using the RNeasy Protect Mini kit
and reverse transcription was carried out with the 1st Strand cDNA
Synthesis kit (Qiagen) [4-6]. cDNA ampliﬁcation was performed by realtime RT-PCR [4-6]. Ct values were obtained for each target gene (SOX9,
type-II collagen - COL2A1, aggrecan - ACN, type-I collagen - COL1A1,
type-X collagen - COL10A1) and GAPDH as a control for normalization
[4-6]. Fold inductions (relative to respective conditions lacking rAAV)
were measured using the 2-DDCt method [4-6]. Each condition was
performed in duplicate in three independent experiments. A t-test was
employed with P  0.05 considered statistically signiﬁcant.
Results: Treatment with rAAV sox9 and TGF-b enhanced type-II collagen deposition in hBMAs via PCL ﬁlm-guided gene transfer via
implantation in hOCDs (ungrafted ﬁlms: 4.5- and 5.2-fold difference
using sox9/PCL and TGF-b/PCL, respectively, versus ﬁlms without vector,
i.e. -/PCL; pNaSS-grafted ﬁlms: 4.9- and 5.5-fold using sox9/pNaSS-PCL
and TGF-b/pNaSS-PCL, respectively, versus ﬁlms without vector, i.e.
-/pNaSS-PCL; P  0.05) (Fig. 1 and Tables 1 and 2). Similar results were
noted when measuring the normalized type-II collagen contents
(ungrafted ﬁlms: 1.7- and 1.9-fold difference using sox9/PCL and TGF-b/
PCL, respectively, versus -/PCL; pNaSS-grafted ﬁlms: 5.3- and 6-fold
using sox9/pNaSS-PCL and TGF-b/pNaSS-PCL, respectively, versus
-/pNaSS-PCL; P  0.05) (Tables 1 and 2). The two treatments increased
the normalized proteoglycan contents but only via pNaSS-grafted ﬁlms
(1.5- and 1.4-fold difference using sox9/pNaSS-PCL and TGF-b/pNaSSPCL, respectively, versus -/pNaSS-PCL; P  0.05) (Table 2). The DNA
contents were also increased by the two treatments (ungrafted ﬁlms:
1.3-fold difference using sox9/PCL or TGF-b/PCL versus -/PCL; pNaSSgrafted ﬁlms: 1.4- and 1.3-fold difference using sox9/pNaSS-PCL and
TGF-b/pNaSS-PCL, respectively, versus -/pNaSS-PCL; P  0.05) (Tables 1
and 2). These results were corroborated by real-time RT-PCR of the
proﬁles for COL2A1 (ungrafted ﬁlms: 3.4- and 3.6-fold difference using
sox9/PCL and TGF-b/PCL, respectively, versus -/PCL; pNaSS-grafted
ﬁlms: 4.8- and 5.7-fold difference using sox9/pNaSS-PCL and TGF-b/
pNaSS-PCL, respectively, versus -/pNaSS-PCL; P  0.05) and ACAN
(ungrafted ﬁlms: 4- and 2.5-fold difference using sox9/PCL and TGF-b/
PCL, respectively, versus -/PCL; pNaSS-grafted ﬁlms: 6.8- and 4.7-fold
difference using sox9/pNaSS-PCL and TGF-b/pNaSS-PCL, respectively,
versus -/pNaSS-PCL; P  0.05), with enhanced SOX9 expression upon
sox9 treatment (ungrafted ﬁlms: 4.1-fold difference versus -/PCL;
pNaSS-grafted ﬁlms: 4.5-fold difference versus -/pNaSS-PCL; P  0.05)
(Fig. 2). Interestingly, the sox9 and TGF-b treatments further reduced
premature expression of COL1A1 (ungrafted ﬁlms: 1.4-fold difference
using TGF-b/PCL versus -/PCL; pNaSS-grafted ﬁlms: 1.4-fold difference
using sox9/pNaSS-PCL versus -/pNaSS-PCL; P  0.05) and COL10A1
(ungrafted ﬁlms: 1.3-fold difference using sox9/PCL versus -/PCL; pNaSSgrafted ﬁlms: 1.3- and 1.5-fold difference using sox9/pNaSS-PCL and
TGF-b/pNaSS-PCL, respectively, versus -/pNaSS-PCL; P  0.05) (Fig. 2).
Overall, the effects reported with the pNaSS-grafted PCL ﬁlms were
more potent than when using ungrafted ﬁlms.
Conclusions: Delivery of rAAV sox9 and TGF-b via pNaSS-grafted PCL
ﬁlms enhances the chondroreparative activities of hBMAs following
implantation in experimental human cartilage lesions while reducing
premature hypertrophy and terminal differentiation relative to control
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Purpose: Osteoarthritis (OA) of the knee is a common cause of chronic
pain and restriction in performing activities of daily living. Whether OA
arises from articular cartilage degeneration or subchondral bone
degeneration remains unclear. Currently, the anterior cruciate ligament
transection (ACL-T) model and the destabilization of the medial
meniscus (DMM) model are used as animal models of OA. Studies have
shown that OA progresses more slowly in the DMM model than in the
ACL-T model. There are few reports directly comparing the two models
and no consensus exists about the mechanism of OA in the two models.
In addition, the ACL and meniscus have different functions. The ACL
suppresses longitudinal shear force, whereas the meniscus reduces
compression force. Thus, the degree of increased mechanical stress on
the knee joint may be different between the ACL-T and DMM models.
We hypothesized that the differences in the pathogenesis of the ACL-T
and DMM models may be related to differences in the mechanical stress
on the knee joint. Therefore, the purpose of this study was to determine
the differences in the degeneration of the articular cartilage and subchondral bone that occurs in the ACL-T and DMM models.
Methods: This study was approved by the ethics committee of Saitama
Prefectural University and strictly adhered to the on-campus animal
experiment guidelines (approval no. 2020-1). This study used 35 adult
male mice (age 12 weeks) obtained from the Institute of Cancer
Research. We divided the mice into three groups: Sham, ACL-T, and
DMM (n¼12/ACL-T and DMM groups, n¼11 : Sham group). The knee
joints were retrieved at 4 and 6 weeks after surgery. To analyze the
degeneration of the subchondral bone structure, the knee joints were
scanned using a micro-computed tomography (micro-CT) system
(SkyScan 1272; Bruker, MA, USA). The settings of micro-CT were as
follows: pixel size, 6 mm; voltage, 60 kV; current, 165 mA; frame averaging, 2; and ﬁlter, AI 0.25 mm. Dates were noted for every 0.7 rotation
until 180 . For subchondral bone structures, the bone volume/tissue
volume fraction (BV/TV) was analyzed for the subchondral bone in the
medial part of the proximal tibia (from the apical cartilage to the joint
surface) using a three-dimensional data analysis software (CT Analyzer,
SkyScan). Thereafter, for histological analysis, the harvested knees were
ﬁxed, demineralized, embedded in parafﬁn, and cut into 6-mm sections.
Safranin-O and fast green were used for staining, and two independent
examiners assessed cartilage degeneration based on the Osteoarthritis
Research Society International (OARSI) score (the average value was
retained). All data were statistically analyzed using RStudio (version
1.2.5019). The BV/TV was compared among the three groups using
Tukey’s post hoc test. The OARSI score was compared among the three
groups using the Steel-Dwass post hoc analysis.

treatments. These Results show the potential of pNaSS-grafted PCL ﬁlmguided therapeutic rAAV gene transfer in hBMAs as a novel healing
platform for implantation in articular cartilage defects.REFERENCES:
[1] Rey-Rico & Cucchiarini, Acta Biomater. 2016, 29:1; [2] Cottard et al., J
Clin Immunol. 2004, 24:162; [3] Rohman et al., J Mater Sci Mater Med.
2015, 26:206; [4] Venkatesan et al., J Transl Med. 2013, 11:211; [5] ReyRico et al., ACS Appl Mater Interfaces. 2016, 8:20600; [6] Venkatesan
et al., Pharmaceutics. 2020, 12:280. ACKNOWLEDGMENTS: Supported
by a grant from German Research Society (DFG VE 1099/1-1 to JKV) and
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PRESENTATION NUMBER: 233
DIFFERENCES IN THE PROGRESSION OF ARTICULAR CARTILAGE AND
SUBCHONDRAL BONE DEGENERATION BETWEEN TWO MOUSE
MODELS
K. Arakawa 1, K. Takahata 1, Y. Oka 1, K. Ozone 1, S. Enomoto 2,
K. Murata 2, N. Kanemura 2, T. Kokubun 2. 1 Graduate Sch. of Saitama
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Results: In the micro-CT evaluation, compared with the DMM group,
the ACL-T group showed signiﬁcantly reduced BV/TV at 4 weeks
(p<0.05) (Figure 1). At 6 weeks, compared with the sham and ACL-T
groups, the DMM group showed signiﬁcantly increased BV/TV (p<0.05)
(Figure 1). In the histological evaluation at 4 and 6 weeks, cartilage
degeneration was conﬁrmed and the OARSI score was higher in the ACLT group than in the other groups; however, no signiﬁcant difference was
found among the groups (Figure 2).
Conclusions: In the ACL-T model, the BV/TV of the subchondral bone
decreased and articular cartilage degeneration occurred. In the DMM
model, the BV/TV of the subchondral bone increased before articular
cartilage degeneration occurred. Few studies have compared the ACL-T
and DMM models and have focused only on the differences in articular
cartilage degeneration. The Results of this study revealed not only differences in articular cartilage degeneration between the two models
but also differences in bone remodeling in the subchondral bone
structure. These results suggest that the mechanism of OA development
differs between the two models and that the differences in mechanical
stress between the models may be involved. The limitation of this study
was that the analysis was restricted to only a relatively early stage of OA.
Further studies are needed for longer-term validation.

PRESENTATION NUMBER: 234
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J. Wang, Q. Lu, M. Mackay, X. Liu, Y. Feng, D. Burton, M. Asher. Univ. of
Kansas Med. Ctr., Kansas City, KS, USA
Purpose: Although rodent models of traumatically or chemically
induced spinal facet joint osteoarthritis (FJOA) were previously described, animal models of typical spontaneous FJOA haven’t been documented. This study aimed to identify the characteristics of murine
spontaneous FJOA and its molecular mechanisms.
Methods: The lumbar facet joints of mice bearing mutant NFAT1 alleles
and of wild-type (WT, control) mice were examined by histopathology,
quantitative gene expression, immunohistochemistry, and histomorphometry using a novel FJOA scoring system at 2, 6, 12, and 18
months of age. The reproducibility of the FJOA scoring system was
conﬁrmed by inter-observer and intra-observer variability tests. Tissuespeciﬁc histomorphometric and gene expression changes were statistically analyzed.
Results: NFAT1-mutant facet joints displayed dysfunction of articular
chondrocytes and synovial cells with aberrant gene and protein
expression in cartilage and synovium as early as 2 months. osteoarthritic structural changes such as articular surface destruction and
chondro-osteophyte formation became evident in NFAT1-mutant facet
joints at 6 months. Severe FJOA changes including deeper cartilage loss,
synovial thickening, separation of cartilage from thickened subchondral
bone, as well as tissue-speciﬁc molecular and cellular alterations were
evident in NFAT1-mutant mice at 12 and 18 months. OA-like structural
changes were not detected in WT facet joints at any ages, though agingrelated cartilage degeneration was observed at 18 months.
Conclusions: This study characterized a novel murine model of spontaneous FJOA and developed the ﬁrst FJOA scoring system. The age- and
tissue-speciﬁc molecular and cellular characteristics in the NFAT1mutant facet joints have provided new insights into the pathogenetic
mechanisms for initiation and progression of spontaneous FJOA.

PRESENTATION NUMBER: 235
MICROTUBULE
STABILIZATION
REGENERATION

POTENTIATES

CARTILAGE

J. Li, Z. Sun, Z. Lv, D. Shi. Afﬁliated Drum Tower Hosp., Med. Sch. of Nanjing
Univ., Nanjing, China
Purpose: In the load-bearing articular cartilage, chondrocyte microtubules (MTs) play a role in sensing and transducing mechanical signals.
Proper arrangement of MTs and MT stability are essential to supporting
various cellular processes. However, the link between MT stability and
chondrocyte function remains elusive.
Methods: The levels of Ace-tubulin and cartilage related markers (SOX9
and Col II) were analyzed in the cartilage of OA patients and in a rat
cartilage defect model by western blot analysis, immunoﬂuorescence
and immunohistochemical staining. The role of MT stabilization was
examined using two reagents to modulate MT stability in vivo and in
vitro, docetaxel for MT stabilization and nocodazole for MT destabilization. The level of cartilage regeneration was assessed by ICRS score
system, micro-CT and immunohistochemical staining, respectively.
hCHs and SMSCs were used to explore the mechanisms of yes associated protein (YAP) activity inhibition and primary cilia regulation.
Results: We found that MT stability in chondrocytes was higher in
correlation with increased expression of collagen II (Col II) and SOX9 in
human osteoarthritis cartilage with more severe abrasion. In this work,
MT stabilization signiﬁcantly promoted chondrogenesis in hCHs via
increased phosphorylation of YAP and in SMSCs through inhibition of
YAP expression. YAP activity was determined to be responsible for
mechanical transduction at cell-cell and cell-extracellular matrix (ECM)
contacts and negatively regulates chondrocyte differentiation. Moreover, we observed that MT stabilization also regulated primary cilia, a
key mechanical signal-sensing structure. We found that MT stabilization promoted the elongation of primary cilia in hCHs but repressed the
formation of primary cilia in SMSCs. Through differential regulation of
YAP activity and ciliogenesis, MT stabilization promoted TGF-b/SMAD
signaling to maintain cartilage function in hCHs and improve chondrogenesis differentiation from SMSCs. Moreover, the repaired tissues
in the cartilage injury rat model that were treated with docetaxel displayed more normal hyaline cartilage compared to controls.
Conclusions: This study highlight a novel mechanism for chondrogenesis and present a promising therapeutic target for potentiating
cartilage regeneration. Through differential regulation of YAP activity
and primary cilia formation, MT stabilization plays an important role in
promoting TGF-b/SMAD signaling to maintain the cartilaginous function of chondrocytes and improve chondrogenic differentiation of
mesenchymal stem cells.

PRESENTATION NUMBER: 236
CHARACTERIZING THE CHONDROGENIC NICHE IN LASER-ENGRAVED
DECELLULARIZED ARTICULAR CARTILAGE SCAFFOLDS
€dl 2,
I. Casado Losada 1, 2, C. Schneider 2, M. Fürsatz 1, 2, B. Scha
X. Monforte 2, 3, A. Teuschl 2, 3, S. Nürnberger 1, 2. 1 Dept. of Orthopedics
and Trauma-Surgery, Div. of Trauma-Surgery, Med. Univ. of Vienna,
Vienna, Austria; 2 Ludwig Boltzmann Inst. for Experimental and Clinical
Traumatology. Austrian Cluster for Tissue Regeneration, Vienna, Austria;
3
Dept. Life Sci. Engineering, Univ. of Applied Sci. Technikum Wien,
Vienna, Austria
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Purpose: Among the different strategies to regenerate cartilage defects,
the use of decellularized native cartilage has become of great interest
since it bears the optimal characteristics to replace cartilage and support its regeneration. In a recent study, we have developed the ﬁrst
strategy to recellularize decellularized human articular cartilage by
perforating the dense matrix by laser-engraving, facilitating cell
ingrowth. Within the laser incisions of this material (CartiScaff) an
increased differentiation was found, especially deep inside the tips of
the incision, a phenomenon we designated as “tip-effect”. We
hypothesize that several conditions could play a role in eliciting this
phenomenon: the mechanical properties of the matrix, the narrow
space, the hypoxic environment, and the biochemical cues conferred by
the matrix itself. In this study, we aim to establish an in vitro model to
characterize the chondrogenic niche in CartiScaff and develop a reference scaffold based on silk.
Methods: Articular cartilage scaffolds were obtained from femoral
heads of patients. CartiScaff scaffolds were prepared according to our
standard procedure: cartilage discs were cut to a standardized thickness
and laser-engraved by a CO2 laser. Subsequently, they were devitalized
with freeze/thaw cycles of 0.1M HCl followed by pepsin treatment and
0.1 M NaOH incubation. For the establishment of the in vitro model,
decellularized scaffolds were implanted into artiﬁcial chondral defects
(4 mm) of osteochondral plugs, previously harvested from bovine knee
joints. Human articular chondrocytes from different donors were vitallabelled and seeded into the scaffolds. Different pre-seeding and sealing
methods were tested. The constructs were cultivated for 3 weeks under
different conditions. To determine the role of the material composition
and mechanical properties of the decellularized cartilage matrix in
chondrogenesis, laser engraved silk discs were prepared as reference
scaffolds and tested for cell adhesion and tissue formation. They were
generated from degummed white raw Bombyx mori silkworm, dialyzed
with polyethylene glycol, and further cast in a silicone mold. Samples
were laser engraved with the same pattern as the articular cartilage
scaffolds. Cell adhesion and tissue formation were analyzed by confocal
microscopy. Chondrogenic differentiation was evaluated by (immune)histochemistry and RT-PCR, by measuring mRNA expression of collagen
type II and aggrecan.
Results: Different seeding strategies were tested for the most efﬁcient
application of the cell suspension into the defect. Chondrocytes were a)
either directly seeded into the defect as a cell suspension b) embedded
in a ﬁbrin gel before application, both followed by scaffold implantation
or c) cells were seeded on the scaffold and left overnight to adhere
before implantation into the defect. The last approach proved to be the
most successful since cells were homogeneously distributed in the
incisions and the best integration into the defect was achieved. Besides,
we tested to cover the defect with a sealing layer using a ﬁbrin gel or
synthetic ﬂeece (Neuropatch®). However, neither of them seemed to
bring any advantage to tissue formation over the uncovered plugs.Silk
scaffolds with the same compression modulus as the cartilage discs
were developed and laser engraved. The size of the incisions was
designed to be equivalent to the laser-engraved articular cartilage
scaffolds. Seeded cells were able to adhere to the silk material, ﬁlled up
the incisions and formed a tissue similar to the decellularized cartilage
scaffold.
Conclusions: Within this study, we established an in vitro model to
investigate the chondrogenic conditions within the cartilage scaffold
CartiScaff and silk-based reference material. Further experiments will
analyze the role of the different parameters in laser engraved decellularized articular cartilage versus silk matrix.
PRESENTATION NUMBER: 237
REGULATION
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I. Toillon 1, S. van Eegher 1, A. Pigenet 1, A. Cambon-Binder 1, A. Larsen 2,
F. Berenbaum 1, X. Houard 1. 1 Sorbonne Universit
e, Paris, France; 2 Inserm,
Paris, France
Purpose: Osteochondral angiogenesis is an important step in the
pathological remodeling of the cartilage-bone interface in osteoarthritis
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(OA) and could be a crucial driving factor of OA progression. The
identiﬁcation of factors responsible for osteochondral angiogenesis in
OA is challenging, as it could be a potential therapeutic target. We
hypothesize that the hypertrophic differentiation of chondrocytes
within OA cartilage drives osteochondral angiogenesis, as it occurs in
the endochondral ossiﬁcation process during development and growth.
Thus, chondrocyte phenotypic changes in the deep layer of cartilage,
among which the differentiation of prehypertrophic chondrocytes into
hypertrophic chondrocytes could be associated with a switch of the
angiogenic balance, allowing vascular channels to penetrate the articular cartilage. The aim of this study was to investigate the biological
activity of hypertrophic chondrocytes in the pathological remodeling of
the osteochondral junction.
Methods: After destabilization of medial meniscus (DMM), 10 weeksold Lewis rats were injected intraperitoneally with an antiangiogenic
molecule (1/week during 8 weeks). The effect of the molecule on cartilage integrity and osteophyte formation was assessed by histology
(Safranin-O/Fast Green staining and OARSI score).The expression of
angiogenic and angiostatic factors by articular, prehypertrophic and
hypertrophic chondrocytes was determined by RT-qPCR, ELISA, proteome array and immunoblotting in a model of progressive hypertrophic differentiation of murine immature articular chondrocytes
(iMACs), we recently developed (van Eegher et al., Osteoarthritis &
Cartilage, In press).Angiogenesis functional assays were set up in order
to evaluate chondrocyte activity. Proliferation assay of human endothelial cells (HUVECs: Human Umbilical Vein Endothelial Cells) in
response to prehypertrophic and hypertrophic chondrocyte conditioned media was determined by EdU incorporation. Tube formation
assay on Matrigel was performed and total network length and junction
number were analysed.Adherence capacity of ﬂuorescent HUVECs on
prehypertrophic and hypertrophic extracellular matrices (ECM) was
assessed by spectrophotometry.
Results: A high OARSI score (20/24) was observed in control DMM rats
8-weeks post-surgery. Cartilage degradation was associated with
osteophyte formation and subchondral bone remodeling. The IP injected angiostatic molecule limited OA development (OARSI score on tibial
plateau 12/24, p¼ 0.0144, n¼7). The integrity of articular cartilage was
preserved, osteophytes were less developed and no subchondral bone
remodeling events were observed.The mRNA expression of chondrocyte markers (Sox9, Aggrecan, Col2A1) drastically decreased with
hypertrophic differentiation, whereas that of hypertrophic markers
(RunX2, Osteocalcin, Col10) was signiﬁcantly increased. In addition,
hypertrophic chondrocytes showed strong matrix calciﬁcations. Prehypertrophic chondrocytes expressed intermediate levels of iMAC and
hypertrophic chondrocyte markers and also expressed markers of
prehypertrophic chondrocytes, including Snorc and Osteomodulin.
Differentiation of prehypertrophic into hypertrophic chondrocytes was
associated with an increased mRNA and protein expression of angiogenic factors, including bFGF, VEGF-A, VEGF-C and CXCL-12. In contrast,
a decreased mRNA expression of the angiostatic factors CHM-1,
ANGPTL4 and TSP-1 was observed.As cartilage is an avascular tissue, it is
known to have angiostatic properties. Interestingly, prehypertrophic
chondrocytes displayed more angiostatic activity than hypertrophic
ones (p¼0.0311, n¼7) on HUVECs. In addition, HUVECs were more
prone to adhere to calciﬁed ECM of hypertrophic chondrocytes than to
ECM of prehypertrophic chondrocytes (p¼0.0434, n¼8). Hypertrophic
chondrocyte conditioned media displayed a stronger cell proliferation
activity on HUVECs than prehypertrophic chondrocyte conditioned
media (p¼0.0195, n¼10). Consequently, conditioned media from
hypertrophic chondrocytes induced more capillary-like structures of
HUVECs on Matrigel than prehypertrophic chondrocyte conditioned
media. Total network length and total junction number were 2-fold
higher after hypertrophic chondrocyte conditioned media stimulation
(p¼0.0313, n¼5) than prehypertrophic stimulation. This effect was
already observed at 2h of experiment (p¼0.0313, n¼5).
Conclusions: These ﬁndings suggest that the differentiation of prehypertrophic to hypertrophic chondrocytes in the deeper layer of OA
cartilage, close to the vascularized subchondral bone, is a crucial step in
the osteochondral angiogenesis in OA. Hypertrophic chondrocytes have
angiogenic properties, promoting endothelial adherence to their
matrix, endothelial cell proliferation and tube formation. Targeting
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osteochondral angiogenesis could be a promising therapeutical strategy
to prevent OA progression.
PRESENTATION NUMBER: 238
COMPOSITION
AND
STRUCTURE
OF
HUMAN
CARTILAGE
EXTRACELLULAR MATRIX: UNRAVELLING CHANGES DURING
OSTEOARTHROSIS AT THE NANOSCALE
I. Jaabar 1, 2, A. Miche 2, K. Wanherdrick 1, F.-P. Ehkirch 1, 3,
F. Berenbaum 1, X. Houard 1, J. Landoulsi 2. 1 Sorbonne Universit
e, INSERM,
CRSA, Paris, France; 2 Sorbonne Universit
e, CNRS, LRS, Paris, France;
3
Clinique Maussins Nollet, Ramsay G
en
erale de Sant
e, Paris, France
Purpose: The articular cartilage is a 2-4 mm thick smooth tissue covering the ends of long bones in the joints. Its extracellular matrix (ECM)
contains a signiﬁcant amount of water (65-75 %wt.), type II collagen
ﬁbrils (ca. 20-30 %wt.) and negatively charged aggrecans (ca. 10 %wt.)
organized in a peculiar three-dimensional network. Aggrecans only
exist as an aggregate within the extracellular matrix (ECM): they are
noncovalently attached to another long GAG chain, hyaluronic acid (HA)
to form larger aggrecan aggregate. Osteoarthritis (OA) is characterized
by an irreversible degradation of the articular cartilage and an abnormal
remodeling of the subchondral bone. Tissue remodeling events that
occur at the osteochondral junction are thus pivotal in OA progression
and are needed to be characterized at the nanoscale. We aimed to
unravel the chemical and structural changes of human cartilage ECM
resulting on the remodeling of the osteochondral junction in OA. For
this purpose, we used X-ray photoelectron spectroscopy (XPS), a surface
science technique, which has never been used before for the characterization of cartilage. This technique offers a remarkable way to probe
chemical information of materials with a nanoscale resolution in the
direction perpendicular to the surface plane. Structural changes were
investigated by atomic force microscopy (AFM).
Methods: Human samples (d~4mm), comprising an articular cartilage
layer and the underlying subchondral bone, were collected from the
external tibial plateau of seven patients undergoing total knee arthroplasty. Each sample was ﬁxed, decalciﬁed, embedded in OCT and cryosectioned (Figure 1). Degradation of articular cartilage was determined
by the Mankin score. OA samples were then classiﬁed into groups with
increasing OA severity: the group ‘Low” (score 0 - 4), the group “Middle”
(score 5 - 9) and the group “High” (score 10 - 14). AFM imaging was used
to probe morphological changes of the cartilage ECM as a function of OA
severity. For this purpose, about 50 images were recorded per patient at
different areas in the tissue located to the regard of the chondrocyte
cells and articular cartilage depth. The evolution of ECM morphology
due to OA was assessed as a function of the score groups by considering
three parameters: the global morphology, density and organization of
the ﬁbrillar nanostructures, the D-period and the mean diameter of the
ﬁbrils. As the sample preparation procedure includes several steps, the
effect of the different treatments was ﬁrst investigated by XPS to assess
their possible impact on the composition of the articular cartilage. To
this end, ﬁve adjacent osteochondral samples were taken from the
external tibial plateau of the same patient. ECM composition was
determined by combining experimental data from XPS analysis and
theoretical considerations based on reasonable assumptions regarding
the ECM composition model. Four main compounds were considered:
collagen, aggrecan, hyaluronic acid and hydrocarbon-like compounds,
which represent mainly lipids in biological systems and adventitious
contaminants.
Results: The typical morphology of the cartilage territorial matrix show
three-dimensional collagen network with resolved individual ﬁbrils.
Representative AFM images recorded for each group show that the
damage ﬁbril tends indeed to bundle and form grain-like structure. The
AFM analysis reveals a signiﬁcant thickening of the collagen ﬁbrils with
increasing osteoarthritic score : from 199.6 nm to 213.6 nm and 287.3
nm (low vs middle : p0.01; middle vs high : p0.001). By contrast, the
collagen D-period did not show any signiﬁcant variation : 68.3 nm, 68.7
nm and 69.4 nm respectively for the low, middle and high groups. XPS
analysis showed that the composition of the cartilage was not strongly
impacted by the different treatments carried out for sample preparation. The hydrocarbon-like compounds are due to adventitious contamination and may be considered as a global way to reﬂect the amount
of compounds which contain hydrocarbon chains, such as lipids. Its
concentration did not show any variation. A signiﬁcant increase in the

concentration of aggrecan and collagen was observed from low to
intermediate phase of OA development (resp. from 9.9%wt. to 17.2%wt.
(p0.05) and from 11.6%wt. to 24.1%wt.(p0.01)), which decreased,
then, at higher scores (resp. to 5.5%wt. (p0.01), and 7.6%wt. (p0.01).
By contrast, a random variation of the hyaluronic acid concentration
was observed as a function of the score, and no clear trend was
observed.
Conclusions: This study shows the relevance of XPS technique to provide quantitative data describing the evolution of cartilage ECM composition. The presented data show a marked increase in the aggrecan
and collagen content in the middle severity group of cartilage degradation, which may reﬂect the chondrocyte repair response to cartilage
degradation. Failure in attempt to stabilize or restore the tissue leads to
the high severity group of cartilage degradation, which is progressive
loss of articular cartilage. Moreover, OA cartilage exhibits a thickening of
the collagen ﬁbrils that tend to aggregate into bundles. It is conceivable
that this phenomenon leads to the decrease of the efﬁciency of aggrecan
entrapment.

PRESENTATION NUMBER: 239
LOSS OF ADSEVERIN, AN ACTIN BINDING PROTEIN, IN AN ANIMAL
MODEL OF OSTEOARTHRITIS
B. Chan 1, M. Glogauer 1, F. Beier 2, Y. Wang 1, S. Bali 2, J. Parreno 3,
R. Kandel 1. 1 Univ. of Toronto, Toronto, ON, Canada; 2 Western Univ.,
London, ON, Canada; 3 Univ. of Delaware, Newark, DE, USA
Purpose: Articular cartilage health and function is largely dependent on
the stability of the chondrocyte phenotype. In healthy articular cartilage, chondrocytes are ﬁne-tuned to balance between anabolic and
catabolic functions to maintain the extracellular matrix. In osteoarthritis (OA) however, a disease characterized by the progressive
degradation of the cartilage matrix, the articular chondrocyte phenotype is lost. As a result, these cells decrease the expression of chondrogenic matrix molecules such as aggrecan and collagen type II while
increasing the expression of matrix degrading enzymes like matrix
metalloproteinase 13 (MMP13).The pro-inﬂammatory cytokines interleukin 1 beta (IL-1b) and tumor necrosis factor alpha (TNFa) have been
implicated as key mediators in the pathogenesis of osteoarthritis (OA)
and have been shown to be increased in the cartilage tissues of the
murine destabilization of the medial meniscus (DMM) model of OA.
Previous work from our lab has shown that adseverin, an actin binding
protein, contributes to the regulation of articular chondrocyte phenotype through modulation of the actin cytoskeleton. Given this ﬁnding,
the hypothesis of this study is that articular chondrocytes treated with
IL-1b and TNFa leads to the decreased expression of adseverin. The
objective of this study is to investigate the in vitro effects of IL-1b and
TNFa on the expression of adseverin by articular chondrocytes and
determine if in an animal model of OA, where IL-1b and TNFa are elevated, adseverin expression is altered.
Methods: Bovine full-thickness articular cartilage was harvested from 6
to 9-month-old metacarpophalangeal joints and processed by
sequential enzymatic digestion to isolate cells. These primary cells were
seeded in monolayer culture and allowed to recover in 5% FBS Ham’s
F12 media for 24 hours. Cells were serum starved for 24 hours and then
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treated with IL1-b (2.5 and 5ng/ml) and/or TNFa (5 and 10ng/ml) diluted
in 5% FBS Ham’s F12 for another 24 hours before being harvested for
protein and RNA. qPCR and western blot analysis with densitometry
were used to evaluate gene and protein expression respectively. To
perform the DMM model of OA, ten weeks old male C57BL/6J background mice underwent transection of the medial meniscotibial ligament of right hind limb. Sham controls had the joint capsule opened
with the medial mensicotibial ligament visualized and then sutured
closed. Knee joints were harvested at 4- (SHAM: N¼5, DMM: N¼6) and
8- (SHAM: N¼5, DMM: N¼5) weeks post-surgery and processed for
histology. Brieﬂy, knees were ﬁxed in 4% paraformaldehyde for 24 hours
and then decalciﬁed for 10 days in 10% ethylenediaminetetraacetic acid.
Samples were embedded in Optimal Cutting Temperature compound
and serial cryosections cut. Sections were rehydrated and stained with
toluidine blue (0.04% toluidine blue in 0.2M acetate buffer, pH 4) for 2
minutes. Sections were cleared with xylene, and mounted. Osteoarthritis Research Society International (OARSI) histopathology scoring
system for murine was used to evaluate OA severity in three sections at
standardized distances in the knee joint after toluidine blue staining.
Sections were deidentiﬁed and scored by 2 different people. Average
scores of the 3 sections were used in statistical analysis. Sections were
stained immunohistochemically to examine adseverin expression
throughout the knee joint. Data were expressed as mean ± SEM and
analyzed using Student’s T-test between two groups. One-way ANOVA
and Tukey’s post hoc was used between multiple groups. Signiﬁcance
was assigned at p<0.05. All statistical analyses were performed using
GraphPad Prism 6.0 software. In vitro experiments (N) were repeated at
least 3 times using independent cell isolations and animals.
Results: qPCR showed that treatment of bovine primary chondrocytes
with IL1-b resulted in a signiﬁcant decrease in adseverin, sox9, collagen
type I and II, and aggrecan gene expression. In addition, it also resulted
in a signiﬁcant increase in MMP13 gene expression. However, TNFa
treatment resulted only in a signiﬁcant decrease in collagen type I and
II, aggrecan gene expression, and signiﬁcant increase in MMP13 gene
expression. There was no change in adseverin expression. Western blot
analysis conﬁrmed adseverin protein expression was signiﬁcantly
decreased (p<0.05) with IL1-b (2.5ng/ml) treatment after 7 days. Histological analysis showed regional proteoglycan loss in the articular
cartilage of the medial compartment of the mouse knee joint at 4weeks post-surgery, and severe erosion and ﬁbrillation of the cartilage
at 8-weeks post-surgery. Grading of these changes showed signiﬁcant
differences in the OA severity between DMM and sham operated animals by 4 weeks post-surgery (medial femoral condyle: DMM ¼ 1.3 ±
0.3 and sham ¼ 0.1 ± 0.1 (p<0.05) and medial tibial plateau: DMM ¼ 1.5
± 0.3 and sham ¼ 0.1 ± 0.1 (p<0.05)). At 8 weeks grading demonstrated
the progression of OA and signiﬁcant differences between DMM and
sham operated knees (medial femoral condyle: DMM ¼ 3.7 ± 1.0 and
sham ¼ 0.1 ± 0.0 and medial tibial plateau: DMM ¼ 4.2 ± 0.7 and sham
¼ 0.1 ± 0.0 (p<0.01 and 0.001 respectively)). There were no signiﬁcant
differences in the mean scores in the lateral compartments of the knee
between the DMM and sham sham operated mice at either 4- or 8weeks post-surgery. The presence of OA correlated with a loss of
adseverin protein expression in affected areas as observed by immunostaining. Sham operated knee joints at 4- and 8-weeks post-surgery
showed adseverin expression in cells throughout the articular cartilage
of the whole joint, as well as in the cells of the meniscus and growth
plate. DMM operated knee joints at 4-weeks post-surgery showed loss
of expression of adseverin, and a greater decrease at 8-weeks postsurgery, in cells conﬁned to areas of cartilage degradation in the medial
femoral condyle and tibial plateau. Adseverin expression remained
intact in the articular cartilage of lateral compartment of the joint, as
well as the meniscus and growth plate at both 4- and 8-weeks postDMM surgery.
Conclusions: Adseverin may play a role in OA pathogenesis as its gene
and protein expression is signiﬁcantly decreased in IL1-b treated primary bovine articular chondrocytes and in the murine DMM model
conﬁned to areas of cartilage erosion. The loss of adseverin expression
appears to be speciﬁc to the effect of IL1-b as TNFa did not alter adseverin levels in bovine chondrocytes. Further investigation regarding the
mechanism(s) by which IL1-b regulates adseverin expression and why
its loss remains localized in the OA model is required. This will facilitate
an understanding on the mechanism(s) involved in the regulation of
articular chondrocyte phenotype during OA pathogenesis.
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PRESENTATION NUMBER: 240
A NOVEL OSTEOCHONDRAL EXPLANT MODEL TO STUDY BONE AND
CARTILAGE RESPONSES TO DAMAGE IN PTOA
I. Amado. Royal Coll. of Surgeons in Ireland, Dublin, Ireland
Purpose: Osteoarthritis (OA) is a progressive joint disease, which was
traditionally associated with degradation of articular cartilage, but is
now known to affect other joint tissues including subchondral bone.
Indeed, changes in subchondral bone have been shown to precede the
process of cartilage degradation and may contribute to it. One speciﬁc
example of this is the presence of bone marrow lesions (BMLs) in acute
joint injury, and their potential role in development of post-traumatic
osteoarthritis (PTOA). This process of bone-cartilage cross-talk can be
challenging to study in vivo due to its complexity, thus multi-tissue
explant model systems are crucial. Traditional osteo-chondral explant
models (femoral head, or cylindrical cored specimens) are useful in
capturing certain aspects of this process but are limited in that bone
damage is necessarily created, during the process of isolation. Thus, in
this study we used a novel bone-cartilage explant model, where no
bone damage was created during harvest. Then, experimental damage
was introduced by either chemical or mechanical means, and the subsequent effects on cartilage and bone tissue status were determined.
Methods: First, we characterised the rat patella (n¼12) as an osteochondral explant system, with no initial bone damage, by comparing
with the state-of-the-art femoral head explant in terms of baseline
viability assays. The baseline viability of both explant models was
evaluated using biochemical, histological and microstructural assays.
Then samples were subjected to either chemical or mechanical damage
and the individual tissue damage responses were assessed. For chemical
damage, explants were exposed to 10ng/ml of IL-1b for 0, 1, 3 and 7
days. For mechanical damage, tissues were exposed to mechanical
compression at 0.5 Hz, 10 % strain for 10 cycles. In both cases, Sulfated
glycosaminoglycan (sGAG), and MMP-13 were measured as an assessment of representative cartilage responses while and alkaline phosphatase (ALP) was assessed as a representative bone response.
Furthermore, histomorphometric, and immunohistochemical, evaluations of each explant system were also carried out.
Results: Our results demonstrate that the patellar explant is an excellent ex vivo model system to study bone-cartilage crosstalk, and one
which does not induce any bone damage at the time of tissue harvest.
We also established culture conditions to maintain viability in these
explants in standard media for up to 28 days in culture (data not
shown). In the histological sections, haematoxylin and eosin were used
to show general morphology of patella explant and femoral head
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(Fig. 1C). Rat patellae exposed to IL-1b showed that both proteoglycan
content and bone metabolism markers were signiﬁcantly increased
(p<0.05) after 7 days of treatment when compared with the controls
(Fig.1 A-B). To conﬁrm this ﬁnding, qualitative immunohistochemical
staining showed chondrocytes increased expression of MMP13 after
treatment with IL-1b. Mechanically compressed patellae showed a
decrease in compressive moduli from day 3 to day 7 (Fig. 2A), this
suggested that subchondral bone remodelling may have taken place as
a compensatory mechanism to repair microdamage. To fully validate
these ﬁndings additional bone microstructural parameters need to be
assessed by computer tomography (mCT) (data not shown). In addition
to this, increase in MMP13 release was observed three days after samples were mechanically damaged when compared with the control
(Fig. 2B).
Conclusions: In summary, these initial Results showed that patella
explant is a useful model to study bone cartilage cross-talk. We used
this system to study the effects of chemical and mechanical damage, to
both tissue types. The aim of this project was to establish a system to
recapitulate the subchondral bone damage associated with joint injury
and PTOA. We used a novel patellar explant model, which does not
involve the creation of basal bone damage during isolation. IL-1b was
used as a surrogate for bone damage and resulted in cartilage and bone
speciﬁc changes. It is well known that cartilage has poor reparative
potential and overloading has catabolic effects in the osteochondral
tissue. In summary, this study demonstrates that the explant model can
be useful for bone-cartilage crosstalk in a model of PTOA.

Results: Seventeen healthy MFTs and 7 OA MFTs were studied. HAC
ﬁbrillation was more prevalent in the MFC OA group (100%) compared
with the healthy MFC group (71%) and the scores (s) were also more
severe: OA MFCs (s2- 29%, s3- 71%); healthy MFCs (s1- 29%, s2- 24%, s318%). Although HAC ﬁbrillation was almost equally observed in the MTP
OA group (100%) and the healthy MTP group (94%), the scores were
worse in the MTP OA group (s2- 29%, s3- 71%) compared with MTP
healthy group (s1- 12%, s2- 43%, s3- 43%). HDMPs were observed frequently in both groups: in 57% OA MFCs and in 47% healthy MFCs.
However, the HDMP scores were more severe in MFC OA (s1- 14%, s343%) compared with healthy MFCs (s1- 12%, s2- 12%, s3- 23%). They
were located almost exclusively in the cranial MFC (100% OA, 87%
healthy) (Figure 1). Although HDMPs were more prevalent in the MTP
OA group (43%) compared with the healthy MTP group (18%), the
severity of the lesions was similar in both groups: OA MTPs (s1- 29%, s314%); healthy MTPs (s1- 6%, s3- 12%). ACC/SCP radiolucency was never
observed in either healthy or OA MFCs. However, ACC/SCP radiolucency
was observed in the MTP: MTP OA (86%) and healthy (65%) and almost
all were located in the caudal part of the plateau in both healthy (91%)
and OA (100%) MTPs. SCB sclerosis had a similar prevalence in both
healthy (82%) and OA (86%) MFCs but the distribution pattern was
different. In the healthy MFCs, sclerosis was more frequent caudally
(71%) whereas in OA MFCs, it was distributed equally in both regions
(57%). At the tibial plateau, sclerosis was most frequently observed in
MTP OA specimens (86%) and predominantly at the caudal site (86%). In
healthy MTPs it was identiﬁed in 65% with a more balanced distribution
between cranial (41%) and caudal (59%) sites.
Conclusions: High density mineralized protrusions (HDMP) were
observed protruding into macroscopically normal appearing cartilage
and OA cartilage. However, they were more severe in OA joints. This
conﬁrms our previous identiﬁcation of HDMP in equine post traumatic
osteoarthritis (PTOA) of the carpal bones and extends them to the
equine MFT where racing-induced PTOA is not a characteristic feature
and suggests that HDMP is feature all forms of OA. ACC/SCP radiolucency was never observed in the MFCs but occurred in the caudal MTP
of both groups, but more frequently in OA.

PRESENTATION NUMBER: 241
MICROSTRUCTURAL CHANGES AT THE OSTEOCHONDRAL JUNCTION
IN NATURALLY OCCURRING OSTEOARTHRITIS OF THE EQUINE
MEDIAL FEMOROTIBIAL JOINT
M. Ducrocq, L. Kamus, H. Richard, G. Beauchamp, S. Laverty. Facult
e de
M
edecine V
et
erinaire - Universit
e de Montr
eal, Saint-Hyacinthe, QC,
Canada
Purpose: Osteoarthritis (OA) is a progressive degenerative disease of
the joint organ and affects all species. The medial femorotibial (MFT)
joint is the knee compartment most commonly affected with OA in
humans, dogs, and horses. We hypothesized that microCT (mCT)
assessment of specimens with naturally occurring equine MFT-OA will
provide new insight into the pathophysiology of OA in this joint. The
aim of this study was to compare healthy and MFT-OA joint microarchitectural changes in both 2 and 3D mCT images.
Methods: Equine medial femoral condyles (MFC; n ¼ 24) and tibial
plateaus (MTP; n ¼ 24) were available in a tissue bank. Regions of
interest (cranial and caudal) were scored for lesions. Articular surfaces
were macroscopically scored for OA (cartilage ﬁbrillation and erosion)
and categorized into 2 groups (healthy and OA) for comparative purposes. MFCs and MTPs were scanned with mCT (Xtek HMXST 225, Nexus
Metrology, Canada) and 2D and 3D images were assessed. Hyaline
articular cartilage (HAC) was scored for ﬁbrillation (0-3) and high
density mineralized protrusions (HDMP) (0-3). The calciﬁed cartilage/
subchondral bone plate (ACC/SCP) was also assessed for radiolucencies
and the subchondral trabecular bone (SCB) for sclerosis.

PRESENTATION NUMBER: 242
OBSERVATION ON THE THERAPEUTIC EFFECT OF ZUOGUI PILLS ON
THE RAT MODEL OF KNEE OSTEOARTHRITIS
X. Shao 1, J. Yao 1, F. Liu 1, X. Sun 2, Y. Guo 1. 1 Shaanxi Univ. of Chinese
Med., Xixian New District, China; 2 Afﬁliated Hosp. of Shaanxi Univ. of
Chinese Med., Xixian New District, China
Purpose: This research aims to explore the therapeutic effect of Zuogui
Pills on knee osteoarthritis through experimental and clinical research
on rat knee osteoarthritis under the guidance of TCM theory and

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

modern scientiﬁc research methods. After establishing the animal KOA
model, Zuogui Pills was used for animal experiment intervention. After
6 weeks of experiment, the serum IL-1b, TNF-a and the cartilage tissue
p38 MAPK, JNK, ERK1/2 phosphorylation protein expression levels of
experimental animals were detected. The data is processed using statistical methods, Deeply explore the effective mechanism of the drug for
KOA, provide a theoretical basis for its clinical application, and provide
new ideas for clinical treatment of KOA.
Methods: Eighty healthy male rats with a weight of 200-250g were
randomly divided into 4 groups, namely A normal group, B blank
control group, C diacerein western medicine group, and D Zuogui pills
experimental group. Group A did not do any treatment, and the other
three groups of experimental mice used the modiﬁed Hulth method to
establish KOA models, that is, the rats were approached through the
medial knee joint, cut off the medial collateral ligament and anterior
cruciate ligament, and removed the medial meniscus.200,000 U of
penicillin was injected intramuscularly for 3 days after operation to
prevent infection. After the surgical wound healed, the rats were forced
to move for 0.5h every day for 2 weeks. After 2 weeks of forced exercise,
the rat’s knee joint underwent MRI examination. The joint gap was
widened, the medial meniscus was absent, the articular cartilage surface was not ﬂat, the cartilage layer became thin, local defects, connective tissue hyperplasia, osteophyte formation, and joint swelling.
The solution was obvious, and the rat KOA model was successfully
established. The experimental intervention was started on the ﬁrst day
after the model was successfully established. The intragastric administration was administered for 6 weeks, one course of treatment was 2
weeks, and the interval between each course was 2 days. The blank
control group and the normal group were given 10mL/(kg$d) 0.9% NaCl
solution by gavage; the western medicine group was given 2.340mg/
(kg$d) diacerein by gavage; the treatment group was given 4.6g/(kg$d)
Zuogui pills are given by gavage. After 6 weeks of the experiment, the
rats in each group were fasted with water for 12 hours, and the rats in
each group were anesthetized with 10% chloral hydrate solution by
intraperitoneal injection of 0.3mL$100g-1. After the rat's righting reﬂex
disappeared and the tail-tip pain disappeared, blood was collected by
abdominal aorta puncture, centrifuged at 3500 r$min-1 for 15 min, and
the upper serum was aspirated, and stored in a low temperature
refrigerator at -80 C for later use. After blood is taken from the
abdominal aorta, it is cut from the upper and lower knee joints, and the
knee joint of the right hind limb is taken. All the muscle tissue is
removed and the knee joint tissue is completely exposed. After the
treatment is completed, it is immersed in 4% paraformaldehyde solution for ﬁxation. ELISA method was used to detect the levels of IL-1b
and TNF-a in rat serum, and Western Blot method was used to detect

Group
Group
Group
Group
Group

A
B
C
D

Number (only)

IL-1b(pg/ml)

TNF-a(pg/ml)

20
20
20
20

30.86±1.65
104.76±3.98
50.36±3.01
47.84±5.56

14.81±2.35
56.30±5.61
40.01±2.87
34.09±3.04

Note: Comparison of serum IL-1b and TNF-a levels in groups A and B p<0.01;
comparison of serum IL-1b and TNF-a levels in groups A and C p<0.01; serum
IL-1b and TNF-a in groups A and D Comparison of content p<0.01; Comparison
of serum IL-1b and TNF-a levels of B and C groups p<0.01; Comparison of serum
IL-1b and TNF-a levels of B and D groups p<0.01; Serum IL-1b of C and D groups
The content comparison p>0.05; the serum TNF-a content comparison of C and
D groups p<0.05.⑶ The expression of p38 MAPK, JNK, ERK1/2 phosphorylated
protein in cartilage tissue in the blank control group, diacerein western medicine group and Zuogui pills experimental group was signiﬁcantly higher than
that in the normal group (P<0.01); diacerein The expression of the western
medicine group and the Zuogui pills experimental group was signiﬁcantly
lower than that of the blank control group (P<0.01); and the expression of
phosphorylated protein in the Zuogui pills experimental group was signiﬁcantly lower than that of the diacerein western medicine group (P<0.01).

Table 1

Comparison of serum IL-1b
and TNF-a levels in each group
after the intervention(x ±s)

Osteoarthritis
andCartilage

Group
Group
Group
Group
Group

A
B
C
D
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p-p38 MAPK/GAPDH

p-JNK/GAPDH

P-ERK1/2/GAPDH

0.350±0.053
0.953±0.031
0.765±0.026
0.611±0.032

0.550±0.030
1.304±0.061
1.085±0.030
0.653±0.041

0.601±0.034
1.403±0.039
1.065±0.024
0.765±0.043

Note: Comparison of the expression levels of p38 MAPK, JNK, ERK1/2 phosphorylated protein in cartilage tissues of A, B, A, C, A, D groups p<0.01; p38
MAPK, JNK, ERK1 in cartilage tissues of B, C, B, and D groups /2 phosphorylated
protein expression level comparison p<0.01; C and D group cartilage tissue p38
MAPK, JNK, ERK1/2 phosphorylated protein expression level comparison
p<0.01.

Table 2

The expression levels of p38
MAPK, JNK, ERK1/2 phosphorylated proteins in cartilage
tissues of rats in each
group(x ±s)

Osteoarthritis
andCartilage

the expression levels of p38 MAPK, JNK, ERK1/2 phosphorylated
proteins.
Results: ⑴ IL-1b expression level: After the intervention, the serum IL1b content of each group of rats was compared in pairs. The blank
control group, diacerein western medicine group, and Zuogui pills
experimental group were signiﬁcantly higher than the normal group (P
<0.01); Diacerein western medicine group and Zuogui pills experimental group were signiﬁcantly lower than the blank control group
(P<0.01).⑵ TNF-a expression level: After the intervention, the serum
TNF-a content in each group of rats was compared in pairs. The blank
control group, diacerein western medicine group, and Zuogui pills
experimental group were signiﬁcantly higher than normal (P< 0.01);
Diacerein western medicine group and Zuogui pills experimental group
were signiﬁcantly lower than the blank control group (P<0.01), and
Zuogui pills experimental group was lower than diacerein western
medicine group (P<0.05).
Conclusions: (1) Zuogui Pills has a signiﬁcant inhibitory effect on the
expression of IL-1b and TNF-a. (2) The p38 MAPK, JNK, and ERK1/2
signaling pathways have a high degree of coordination in the pathogenesis of K0A, and their abnormal activation causes devastating
damage to cartilage. (3) The mechanism of Zuogui Pills in treating KOA
may be related to the inhibition of the activation of p38 MAPK, JNK,
ERK1/2 signaling pathways.

PRESENTATION NUMBER: 243
EFFICACY OF NEEDLE KNIFE RELEASE COMBINED WITH CELECOXIB
IN THE TREATMENT OF OSTEOARTHRITIS OF THE KNEE AND ITS
EFFECT ON PATIENTS' SERUM-RELATED SUBSTANCE LEVELS
B. Dong, Sr., R. Chen, Sr., P. Yuan, Sr., W. Kang, Sr., Z. Wang, Sr.. Afﬁliated
Hosp. of Shaanxi Univ. of Chinese Med., XianYang, China
Purpose: To observe the clinical efﬁcacy of acupuncture and knife
release combined with celecoxib in the treatment of knee osteoarthritis
and the effect of serum-related substance levels in patients.
Methods: 80 patients were randomly divided into two groups: the
needle and knife group and the acupuncture group, each with 40
patients. In both groups, celecoxib (0.2g/time, 1 time/d, 2 weeks) was
taken orally. The acupuncture group was treated by the "Five Finger
Positioning Method", and the acupuncture group was treated once a
week, 2 times for 1 course of treatment. VAS score, Lysholm score, NO,
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IL-1b and TGF-b1 levels in joint ﬂuid were observed after 2 courses of
treatment in both groups.
Results: After 2 courses of treatment, the VAS score and Lysholm score
of the two groups were signiﬁcantly different from those before treatment (P<0.01), and the pain reduction and knee function recovery of
the acupuncture group were signiﬁcantly greater than that of the acupuncture group (P<0.05); after treatment, the NO and IL-1b levels of
joint ﬂuid of the two groups showed a downward trend, and the TGF-b1
level increased, which was signiﬁcant compared with that before
treatment. The acupuncture group altered the levels of NO, IL-1b and
TGF-b1 in the joint cavity more signiﬁcantly than the acupuncture
group (P<0.05).
Conclusions: Acupuncture is more effective than acupuncture in
treating osteoarthritis of the knee. It can signiﬁcantly reduce pain and
restore the function of the knee joint; and acupuncture can reduce the
levels of joint ﬂuid NO and IL-1b and increase the level of TGF-b1 to
protect the cartilage and its matrix and delay the degeneration of
articular cartilage, so as to prevent and treat osteoarthritis of the knee.

PRESENTATION NUMBER: 244
EFFECT OF ELECTROACUPUNCTURE MODULATING SYNOVIAL
AUTOPHAGY ON JOINT FUNCTION AND SERUM INFLAMMATORY
FACTOR LEVELS IN PATIENTS WITH KNEE OSTEOARTHRITIS
R. Chen, Sr., B. Dong, Sr., P. Yuan, Sr., W. Kang, Sr., Z. Wang. Shaanxi Univ.
of Chinese Med., Xianyang, China
Purpose: To investigate the effect of electroacupuncture modulating
synovial autophagy on the improvement of joint function and the effect
of serum interleukin (IL)-1, tumor necrosis factor (TNF)-a and matrix
metalloproteinase (MMP)-3 levels in patients with osteoarthritis of the
knee (KOA).
Methods: Ninety-eight patients with KOA were selected and randomly
divided into a control group and an observation group of 49 patients
each according to the random number table method. 2 groups were
given glucosamine sulfate capsules orally, 0.5g each time, 3 times a day;
the control group was fumigated with a self-prescribed prescription of
reeducation of paralysis once a day for 4 weeks; the observation group

was given electroacupuncture therapy once every 2 days for 4 weeks on
the basis of fumigation of traditional Chinese medicine. 4 weeks later,
the 2 groups were compared. Group knee motion function Lysholm
scale (LKSS score), visual analogue score (VAS score), Western Ontario
and McMaster University Osteoarthritis Index (WOMAC score), and
changes in serum IL-1, TNF-a, and MMP-3 levels.
Results: After treatment, the LKSS score was signiﬁcantly higher than
that of the control group (P<0.01), and the WOMAC scale index and VAS
score were signiﬁcantly lower than that of the control group (P<0.01);
after treatment, the serum IL-1, TNF-a, and MMP-3 levels were signiﬁcantly lower than that of the control group (P<0.01).
Conclusions: Electroacupuncture regulates synovial autophagy in the
treatment of KOA, which can effectively improve the joint function of
patients, and its mechanism may inhibit synovial inﬂammation and
delay synovial cartilage degeneration by down-regulating IL-1, TNF-a
and MMP-3 levels, thus playing a certain therapeutic role in KOA.

PRESENTATION NUMBER: 245
EFFECT OF ULTRASOUND INTRODUCTION OF TONICS AND BLOODBOOSTING DRUGS AFTER JOINT CAVITY CLEARANCE ON IL-17,
CXCL12 AND MMP1 EXPRESSION IN JOINT FLUID OF ELDERLY
PATIENTS WITH KNEE OSTEOARTHRITIS
Y. Puwei, Sr., B. Dong, Sr., R. Chen, Sr., Z. Wang, Sr., W. Kang, Sr.. Afﬁliated
Hosp. of Shaanxi Coll. of TCM, Xianyang, China
Purpose: To investigate the effect of ultrasound introduction of toniﬁcation and blood-activating drugs after arthroscopic joint cavity
cleaning on the expression of interleukin 17 (IL-17), chemokine 12
(CXCL12) and matrix metalloproteinase 1 (MMP1) in the joint ﬂuid of
elderly patients with knee osteoarthritis.
Methods: 120 patients with knee osteoarthritis diagnosed and treated
from October 2018 to October 2019 were selected as the study subjects,
and were equally divided into two groups of 60 cases each according to
the randomized numerical table method; the control group was treated
with arthroscopic arthroscopic cavity cleaning, and the observation
group was treated with ultrasound introduction of renal activating
drugs after arthroscopic arthroscopic cavity cleaning. Knee joint
recovery status, joint ﬂuid biomarkers in the two groups were observed
and compared, including visual analogue score (VAS), Hospital for
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Special Surgery (HSS) knee score, joint mobility, and joint ﬂuid biomarkers were IL-17, CXCL12 and MMP1.
Results: There was no statistically signiﬁcant difference in VAS score,
HSS knee joint score and joint mobility between the two groups before
treatment (P>0.05), and 3 months after treatment, the VAS score of the
two groups decreased signiﬁcantly, and the HSS knee joint score and
joint mobility increased signiﬁcantly. The levels of IL-17, CXCL12 and
MMP1 in the joint ﬂuid of the two groups before the treatment were not
statistically signiﬁcant (P>0.05), and the levels of IL-17, CXCL12 and
MMP1 in the joint ﬂuid of the two groups three months after the
treatment were signiﬁcantly lower than those in the control group
(P<0.05).
Conclusions: The ultrasound introduction of renal tonics and bloodsupplementing drugs after arthroscopic arthroscopic clearance of the
joint cavity had a signiﬁcant effect on the treatment of knee osteoarthritis, which could signiﬁcantly reduce the pain and improve the
function of the knee joint, and could effectively control the expression
of IL-17, CXCL12 and MMP1 in joint ﬂuid.

PRESENTATION NUMBER: 246
STUDY ON XUEFU ZHUYU DECOCTION ON CHANGES OF SERUM
CYTOKINES MMP-13 AND TNF-a IN RATS WITH KNEE
OSTEOARTHRITIS
J. Yao, Jr., Y. Guo, F. Liu, X. Li, X. Guo. Shaanxi Univ. of traditional Chinese
Med., XianYang, China
Purpose: The purpose of this study is to study the effect of Xuefu Zhuyu
Decoction on the serum levels of MMP-13 and TNF-a in experimental
rats with knee osteoarthritis through animal experiments and observe
the morphological changes of cartilage injury. After establishing the rat
knee osteoarthritis model, through 4 weeks of experimental intervention, the knee cartilage of each group of experimental rats was taken
out for histomorphological observation and comparison, and immunohistochemical methods were used to detect the MMP- in the serum
of each group of rats. 13 and TNF-a content, the data is analyzed and
processed using statistical methods to explore the possible mechanism
of action of Xuefu Zhuyu Decoction on the prevention and treatment of
knee osteoarthritis. Arthritis provides scientiﬁc experimental basis.
Methods: The 60 SD male rats needed for the experiment, fasting
weights of about 200 to 250 g, were fed with ordinary pellets, and the
rats were divided into 4 groups according to the random number
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method, 15 rats in each group, respectively sham operation group (A):
Only open the joint cavity, do not damage the ligaments and meniscus,
suture the skin, and wrap the bandage aseptically; model group (B): All
rat osteoarthritis models use surgical knee medial tibial incision, carefully dissect the medial collateral ligament Cut off and remove the
internal molars of approximately 0.5cm, and then use 80,000U Qingdamer sulfate injection to instill the surgical ﬁeld to prevent joint cavity
infection. After aseptic bandaging, suture layer by layer; Western
medicine group (C): mixed with ibuprofen Suspension was administered to the stomach; Chinese medicine group (D): Xuefu Zhuyu
Decoction was administered to the stomach. One week after the operation, all the molded rats were alive. The surgical wound was red, the
wound was basically healed, and the excretion was normal. The rats
were forced to move once a day for 30 minutes each time for 1 week;
after 2 weeks Imaging and histopathological observations revealed that
the articular surface of the lower end of the femur and tibial plateau of
the knee joint was ﬂattened, the joint deformed and the articular cartilage defect, the chondrocyte arrangement was disordered, the trabecular area of the femur and tibia was signiﬁcantly reduced, and the
bone marrow cavity cells proliferated. Successfully established a rat
knee osteoarthritis model. On the ﬁrst day after successful modeling, 5
rats from each group were taken from each group and 5ml of abdominal
aortic blood was taken after anesthesia, and 1ml of liquid was taken
after centrifugation. The serum levels of MMP-13 and TNF-a in each
group of rats were detected by ELISA And start to give drug intervention
to the rest of the rats at the same time. The frequency of administration
in each group is once a day. The dosage is: the sham operation group
and the model group are respectively given normal saline (1ml/100g),
and the western group is given Ibuprofen suspension was given by
intragastric administration (1ml/100g), and the traditional Chinese
medicine group was given Xuefu Zhuyu Decoction (1ml/100g) by
intragastric administration; after 4 weeks of drug intervention, the rats
in each group were anesthetized and placed on a clean table in the
laboratory On the upper rat plate, take 5ml of abdominal aortic blood
according to the V-shaped incision, take 1ml of liquid and store it in the
refrigerator after centrifugation, again use ELISA method to detect the
content of MMP-13 and TNF-a in the serum of each group of rats; then
use All the rats were killed by air embolization, the opening and closing
cavities were cut, the knee cartilage of each group was taken out and
ﬁxed in neutral polyoxymethylene ﬁxative, and the morphological and
tissue changes of the knee cartilage of each group were observed after
staining with HE staining method.
Results: 1 Observation of tissue morphology(1) The surface of the
knee cartilage of the rats in group A is smooth without degeneration, no
defect area, no obvious thickening of the joint capsule, and normal
shape of the joint synovium without obvious hyperplasia;(2) The surface of the knee cartilage of the rats in group B is severely degenerated,
with ulcers formed on the surface, some areas are defective, the joint
capsule is thickened, the joint synovium is obviously proliferated, and
the color is dim;(3) The knee cartilage of rats in group C has obvious
degeneration, the surface is slightly rough, there are cracks, the joint
capsule is slightly proliferated, and there is no ulcer formation;(4) The
knee cartilage of the rats in group D was slightly degenerated, the
surface was smoother, there was no obvious cartilage defect, the ulcer
formation was small, and the synovial membrane was not hyperplasia;
2 Changes in rat serum mmp-13There was no signiﬁcant change in
serum mmp-13 of rats in group A; mmp-13 was expressed in a large
amount in the serum of rats in group B; the levels of mmp-13 in serum
of rats in group C and D were both decreased compared with group B,
but in group D serum The decrease was more obvious than that in group
C, and the difference in serum mmp-13 content between the two
groups of rats was statistically signiﬁcant (P <0.05).3 Changes in serum
TNF-a content in ratsThe serum TNF-a content of rats in group A did
not change signiﬁcantly; the serum TNF-a content of rats in group B
increased signiﬁcantly, and the serum TNF-a content of rats in group C
and D decreased compared with group B, but group D was larger The
level of serum TNF-a in rats decreased more signiﬁcantly than that in
group C, and the difference in serum TNF-a levels between the two
groups of rats was statistically signiﬁcant (P <0.05).
Conclusions: 1 The rat medial collateral ligament (about 0.5cm in
length) is surgically removed and removed, and the meniscus is
removed, to replicate the model of rat knee osteoarthritis;2 Xuefu
Zhuyu Decoction can signiﬁcantly improve the abnormal tissue morphology of the knee cartilage in experimental rats;3 The serum MMP13/TNF-a content of rats in group C and D increased signiﬁcantly before
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treatment, suggesting that the content of serum MMP-13/TNF-a may be
related to the onset of knee osteoarthritis;4 Xuefu Zhuyu Decoction can
signiﬁcantly reduce the levels of mMP-13 and TNF-a in the serum of rats
with knee osteoarthritis, and the effect is better than the western
medicine group.

Group

Prior treatment

Post treatment

B Group
C Group
D Group

210.684±38.23
210.421±39.96
209.883±12.73

248.746±32.39
177.805±26.41*
160.951±12.43*

Changes of serum MMP-13
levels in rats in each group
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Group

Prior treatment

Post treatment

B Group
C Group
D Group

89.57±38.82
89.44±40.79
90.13±37.18

88.34±36.18
47.61±15.03*
31.28±9.23*

Changes of serum TNF-a levels in rats in each group

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 247
EFFECT OF HUANGQI GUIZHI WUWU DECOCTION ON RATS WITH
PROLAPSE OF LUMBAR INTERVERTEBRAL DISC
Y. Jie, Jr., Y. Guo, F. Liu, X. Li, x. Shao, Y. Fang. Shaanxi Univ. of traditional
Chinese Med., XianYang, China
Purpose: This study aims to study the effect of Huangqi Guizhi Wuwu
Decoction on the serum interleukin-b1 (TFG-b1) and tumor necrosis of
experimental rats with lumbar disc herniation under the guidance of
traditional Chinese medicine theory and modern scientiﬁc research
methods. The inﬂuence of tumor necrosis factor -a (TNF-a) content.
After establishing the rat lumbar disc herniation model, through 4
weeks of experimental intervention, the serum of various rats was
collected, and the ELISA method was used to detect the content of TFGb1 and TNF-a in the serum of each group of rats to obtain data Use
statistical methods to analyze and process the data, explore the
inﬂammatory factors that cause lumbar intervertebral disc herniation
and the possible mechanism of action of Huangqi Guizhi Wuwu
Decoction on the treatment of lumbar intervertebral disc herniation,
and provide the prescription for the treatment of lumbar intervertebral
disc herniation in the future Scientiﬁc experimental basis.
Methods: The 48 SD male rats used in the experiment, weighing
between 160-200g, were randomly divided into 4 groups, namely, A is
the blank control group, B is the model, C is the Huangqi Guizhi Wuwu
Decoction experimental group, and D It is the western medicine group
of ibuprofen suspension, the blank group does not do any treatment, the
other 3 groups of rats under aseptic conditions cut the skin (about 4cm
in length) and subcutaneous tissue in the middle of the back, and
bluntly separated the paravertebral tissue from the left spine Muscles,
with bilateral iliac spine as anchor points, remove the spinous processes, left lamina and articular processes of the two vertebrae above
the iliac spine. Expose the dura mater on the left side under an operating microscope to conﬁrm the left spinal nerve. Take the jelly-like
intervertebral disc nucleus pulposus from the excised tail of the mouse
and place it gently around the dorsal side of the left nerve root. 3d

intraperitoneal injection of penicillin sodium 2105U/kg, once a day.
Two weeks after modeling, imaging and histopathology showed obvious inﬂammatory cell inﬁltration. The inﬁltrating inﬂammatory cells
were mainly neutrophils and macrophages. The nerve tissue was
swollen and the nerve myelin sheath was swollen, ruptured, and axons.
Swelling or disappearance, Schwann cells autolyzed and softened, and
successfully established a rat lumbar disc herniation model. The
administration was started on the ﬁrst day after successful modeling.
The frequency of administration in each group was once a day. The
dosage was as follows: the blank group and the model group were given
normal saline (1mlj100g) respectively, and the experimental group was
given Huangqi Guizhi Wuwu Decoction was given by intragastric
administration (1mlj100g), the western medicine group was given
ibuprofen suspension (1mlj100g) by intragastric administration, and 1/
4 animals were randomly sacriﬁced on the 7, 14, 21 and 28 days after
intragastric administration. Three rats per group each time, blood was
taken from the heart, centrifuged at 3000 r/min for 15 minutes, and the
supernatant was drawn. The serum TFG-b1 and TNF-a contents of each
group of rats were detected by ELISA.
Results: 1. Changes in the level of TFG-b1 in serum: 7th, 14th, 21st, and
28th days after intragastric administration, the detection of serum TFGb1 levels in each group showed that there was no signiﬁcant change in
TFG-b1 levels in group A; group B Compared with group A, the level of
TFG-b1 increased abnormally; group C and group D decreased the level
of TFG-b1, but group C dropped more signiﬁcantly than group D, and the
difference between the two groups was statistically signiﬁcant
(P<0.05).
2. Changes in serum TNF-a levels: There was no signiﬁcant change in
serum TNF-a levels in group A rats; serum TNF-a levels in group B rats
were signiﬁcantly increased, and serum TNF-a levels in group C and D
rats Compared with group B, the levels of TNF-a in group C decreased
more signiﬁcantly than those in group D. The difference in serum TNF-a
levels between the two groups of rats was statistically signiﬁcant (P
<0.05).
Conclusions: 1. An animal model of rat lumbar disc herniation can be
established by rat autologous nucleus pulposus transplantation;2.
Before treatment, the serum TFG-b1/TNF-a content in rats in group C
and D increased signiﬁcantly, suggesting that the content of serum TFGb1/TNF-a may be related to the incidence of lumbar disc herniation;3.
Huangqi Guizhi Wuwu Decoction can signiﬁcantly reduce the content
of TFG-b1 and TNF-a in the serum of rats with lumbar disc herniation,
and the effect is better than that of the western medicine group.

Group

7d

14d

21d

28d

B Group
C Group
D Group

58.31±23.79
43.11±22.84
57.26±13.11

59.60±24.58
38.27±34.32
49.33±23.74

61.12±12.93
26.35±11.98
35.46±23.09

63.17±13.38
15.86±24.47*
26.12±22.83*

Serum TFG-b1 levels (pg/ml)
of rats in each group on 7, 14,
21, 28 days after gavage
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Group

7d

14d

21d

28d

B Group
C Group
D Group

89.67±28.82
69.44±40.79
76.86±33.01

88.64±32.08
57.73±32.88
65.23±33.46

90.32±22.33
50.60±15.43
58.26±22.89

91.17±13.78
39.25±21.58*
47.52±26.13*

Serum levels of TNF-a (ng.L1) in rats of each group at 7, 14,
21, 28 days after gavage
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PRESENTATION NUMBER: 248
STUDY ON THE EFFECT OF BU-SHEN-YI-QI DECOCTION ON THE
EXPRESSION OF SERUM INFLAMMATORY FACTORS, TLR4 AND NFkBP65 IN KOA RAT MODEL
Y. Jie, Jr. 1, P. Yuan 2, F. Liu 1, X. Li 1, X. Shao 1. 1 Shaanxi Univ. of traditional
Chinese Med., XianYang, China; 2 Afﬁliated Hosp. of Shaanxi Univ. of
Chinese Med., XianYang, China
Purpose: The purpose of this study is to use bu-shen-yi-qi decoction to
establish a rat KOA model for group treatment, and to detect various
indexes of blood and knee cartilage after treatment.①Serum IL-1b, IL-6
and TNF-a expression levels detected by ELISA;②Detect the expression
levels of TLR4 and NF-kBp65 protein in articular cartilage by Western
blot. Through statistical analysis of the Results, to explore the mechanism of tonifying the kidney and replenishing qi in the treatment of
KOA in rats. Provide a solid and reliable animal experimental basis for
the clinical use of Chinese medicines for the treatment of KOA.
Methods: Select 60 healthy male SD rats, 5 months old, weight
360g±20.0g, and randomly divided into 4 groups, namely A blank
group, B model group, C bu-shen-yi-qi decoction group, and group D
diacerein group. Group A did not do any treatment. The three groups of
experimental mice in groups B, C and D were injected with papain to
establish a rat KOA model. That is to say, both knee joints of the
experimental mice are fully exposed, the villi are shaved, the skin is
exposed, local disinfection is performed, the knee joints of the rats are
ﬂexed so as to reach the position of the lateral knee eyes, and the needle
is inserted along the direction of the intercondylar fossa, and the
bilateral knee joint cavity Inject 0.2ML of 4% papain solution respectively, Once every 3 days, 3 times in a row, the rats were forced to move
for 30 minutes every day for 7 days. After modeling, rats appeared①nervousness, decreased activity, decreased diet and water, weight
loss, etc.;②The joint pain is obvious, the range of motion is reduced, the
joint swells, and the gait changes signiﬁcantly. The LequesneMG score is
higher than that of the blank group, and the difference is statistically
signiﬁcant (P<0.05);③The observation of articular cartilage and synovial
tissue showed that the articular cartilage had a dull color, uneven surface, local softening, and sometimes osteophytes; synovial hyperemia,
edema and hypertrophy, and increased synovial ﬂuid volume. The rat
KOA model was successfully established. After the model was completed, intragastric intervention was started. The dosage of the bushen-yi-qi decoction is 180mg/kg; The dose of diacerein group was 7.7
mg/kg, and the model group was gavage with the same volume of
normal saline as the medication group every day, twice in the morning
and evening; the blank group was not gavage. After 4 weeks of intervention, the rats were anesthetized, the abdominal aorta was dissected,
blood was collected from the abdominal aorta, and the serum was
separated. The expression of serum IL-1b, IL-6, and TNF-a was detected
by ELISA, and the knee joint to articular cartilage were dissected.

Group
Group
Group
Group
Group

A
B
C
D

IL-1b

IL-6

TNF-a

3.30±1.10
38.51±1.41
17.65±1.45
23.54±1.36

8.49±2.40
65.82±5.04
19.44±4.31
38.01±3.60

34.65±8.32
161.01±10.01
61.60±5.75
84.97±7.38

Note: Comparison of serum levels of IL-1b, IL-6, and TNF-a in groups A and B,
p<0.01; comparison of serum levels of IL-1b, IL-6, and TNF-a in groups A and C,
p<0.01; groups A and D Comparison of serum IL-1b, IL-6, and TNF-a levels
p<0.01; comparison of serum IL-1b, IL-6, TNF-a levels in groups B and C p<0.01;
serum IL-1b, IL in groups B and D -6. Comparison of TNF-a content p<0.01. (2)
The expression of TLR4 and NF-kBp65: Compared with the blank group, the
expressions of TLR4 and NF-kBp65 in the model group, the bu-shen-yi-qi
decoction, and the diacerein group were up-regulated; compared with the
model group,the bu-shen-yi-qi decoction was up-regulated The expression of
TLR4 and NF-kBp65 in the diacerein group was down-regulated; compared
with the diacerein group, the expression of TLR4 and NF-kBp65 was downregulated the bu-shen-yi-qi decoction

Table 1

Serum IL-1b, IL-6 and TNF-a
expression levels of rats in each
group(x ±s)
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Group
Group
Group
Group
Group

A
B
C
D
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TLR4

NF-kBp65

0.77±0.11
3.29±0.24
1.03±0.12
1.71±0,20

0.33±0.04
2.72±0.04
0.85±0.05
1.36±0.02

Note: Comparison of expression levels of TLR4 and NF-kBp65 in groups A and B
p<0.01; comparison of expression levels of TLR4 and NF-kBp65 in groups A and
C p<0.01; comparison of expression levels of TLR4 and NF-kBp65 in groups A
and D p<0.01; Comparison of the expression levels of TLR4 and NF-kBp65 in
groups B and C p<0.01; comparison of the expression levels of TLR4 and NFkBp65 in groups B and D p<0.01.

Table 2

The expression levels of TLR4
and NF-kBp65 protein in cartilage tissues of rats in each
group(x ±s)

Osteoarthritis
andCartilage

Exposure, the expression of TLR4 and NF-kBp65 was detected by
Western blot.
Results: ⑴IL-1b, IL-6, TNF-a expression: Compared with the blank group,
the serum IL-1b, IL-6, TNF-a expression in the model group, the bushen-yi-qi decoction, and the diacerein group were up-regulated ;
Compared with the model group, the expression of serum IL-1b, IL-6,
TNF-a in the bu-shen-yi-qi decoction and the diacerein group were
down-regulated; compared with the diacerein group, the bu-shen-yi-qi
decoction The expression of serum IL-1b, IL-6 and TNF-a was downregulated.
Conclusions: ⑴Rat KOA model can be established by papain injection
method; ⑵the bu-shen-yi-qi decoction and diacerein can effectively
reduce the expression of serum pro-inﬂammatory factors IL-1b, IL-6
and TNF-a in KOA rats, thereby inhibiting the occurrence of inﬂammatory reactions and playing the role of anti-inﬂammatory and analgesic , Delay the progression of the course of KOA, and the effect of the
bu-shen-yi-qi decoction in reducing the expression of IL-1b, IL-6 and
TNF-a is better than diacerein; ⑶Both the bu-shen-yi-qi decoction and
diacerein can down-regulate the expression of TLR4 and NF-kBp65,
thereby inhibiting the expression of IL-1b, IL-6, TNF-a inﬂammatory
factor genes, reducing the occurrence of inﬂammation, and delaying the
further development of KOA development of.

PRESENTATION NUMBER: 249
ROLE OF THE ANTI-AGING a-KLOTHO PROTEIN IN CHONDROCYTES
vel 3, M. Georget 1, 2,
A. Defois 1, 2, N. Bon 1, 2, S. Sourice 1, 2, M. Me
B. Bodic 1, 2, O. Adjali 3, Y. Maugars 1, 4, J. Guicheux 1, 5, C. Vinatier 1, 2.
1
Inserm, UMR 1229, RMeS, Regenerative Med. and Skeleton, Universit
e
de Nantes, ONIRIS, Nantes, France; 2 Universit
e de Nantes, UFR
Odontologie, Nantes, France; 3 INSERM, UMR 1089, Translational Gene
Therapy for Genetic Diseases, CHU Nantes, Univ. of Nantes, Nantes,
France; 4 CHU Nantes, Rheumatology Dept., PHU 4 OTONN, Nantes,
France; 5 CHU Nantes, PHU4 OTONN, Nantes, France
Purpose: Osteoarthritis which is characterized by cartilage erosion,
osteophyte formation, subchondral bone sclerosis and synovial
inﬂammation, is the most prevalent joint degenerative disease. Furthermore, osteoarthritis exhibits similar molecular dysregulations to
those observed during aging such as increased oxidative stress, mitochondrial dysfunction and decreased autophagy. This similarity

S206

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

prompted us to hypothesize that anti-aging factors could be of interest
in the treatment of osteoarthritis. Among them, a-klotho could be a
good candidate since several polymorphisms of the a-klotho gene are
associated with increased risks of osteoarthritis and differential levels
of a-klotho mRNA have been reported between osteoarthritis and
healthy articular cartilage. Interestingly, a-klotho has also been implied
in the regulation of senescence, oxidative stress, and inﬂammation
processes that are all involved in osteoarthritis. In a previous study of
C57BL/6 mouse articular cartilage, we have shown an age-related
decrease in a-klotho concomitantly with an increase in osteoarthritis
severity. These data, together with the role of a-klotho in senescence/
oxidative stress, strongly strengthen the hypothesis that modulation of
a-klotho in articular cartilage could have an impact on osteoarthritis. In
this context and to better understand the role of a-klotho in OA, our
study aims to decipher whether a-klotho can modulate chondrocytes
response to inﬂammatory signaling in vitro.
Methods: Immature murine primary articular chondrocytes (iMAC),
human chondrocytes cell line (C28/I2), primary human healthy (HC)
and osteoarthritic (OAC) articular chondrocytes, were treated with
human recombinant cytokines such as IL-1b (1 ng/mL), TNF-a (25 ng/
mL) or a combination of IL-6/IL-6 soluble receptor (IL-6/Rs, 50 ng/mL
each) in the presence or absence of the two soluble forms (short and
long) of human recombinant a-klotho at 1000 pM for 24h. Using
plasmids coding for the 3 different forms of a-klotho, we also tested the
effect of its membrane form in chondrocytes. The impact of cytokines
and a-klotho treatments on the expression of anabolic (COL2A1, ACAN)
and catabolic (ZIP8, MMP13, iNOS, IL-6) genes was evaluated using RTqPCR. In addition, the effect of a-klotho on NF-kB transcriptional
activity was evaluated on chondrocytes transfected with a luciferase
reporter plasmid and treated with IL-1b (1ng/ml), TNF-a (25ng/ml) and
IL-6/Rs (50 ng/mL) for 24h.
Results: The chondrocytes (human and murine) treated with IL-1b,
TNF-a and IL-6/Rs exhibited an increase in mRNA expression of catabolic markers (ZIP8, MMP13, iNOS, IL-6) and a decrease in anabolic
markers (COL2A1, ACAN). Supplementation of cytokines-treated chondrocytes with recombinant a-klotho decreased the IL-1b or TNF-ainduced expression of ZIP8, MMP13 and IL-6, and decreased the transcriptional activity of NF-kB induced by these cytokines treatments.
Interestingly, we observed that IL-1b treatment increased mRNA
expression level of a-klotho at 24h only in human chondrocytes (HC
and OAC) and not in murine chondrocytes. In contrast, TNF-a and IL-6/
Rs seemed to rather decrease a-klotho mRNA expression in human and
murine chondrocytes.
Conclusions: Our Results indicate that a-klotho decreases IL-1b or TNFa-induced expression of the catabolic markers ZIP8 and MMP13. Our
data also illuminate the ability of a-klotho to interact with IL-1b or TNFa dependant NF-kB transcriptional activity in chondrocytes. Further
experiments are needed not only to better understand how a-klotho
interacts with NF-kB signaling pathway in chondrocytes but also to
better deﬁne which form of a-klotho would be the most efﬁcient one.
Our results also suggest a potential species-speciﬁc regulation of aklotho expression by IL-1b that may be of value for the design of future
preclinical and clinical experiments.
Acknowledgements: This work is supported by grants from the
“Region Pays de la Loire “(Pari Scientiﬁque Bioregate GenOA) and ANR
projects KLOTHOA (ANR-18-CE14-0024-0).
PRESENTATION NUMBER: 250
A SECRETOME ANALYSIS OF CHONDROGENIC THREE-DIMENSIONAL
PELLET FOR ITS POTENTIAL THERAPEUTIC EFFECTS ON
OSTEOARTHRITIS
Y.-H. Kang 1, H. Kim 1, G.-I. Im 2, J. Lee 1. 1 R&D Inst., Biosolution Inc., Seoul,
Republic of Korea; 2 Integrative Res. Inst. for Regenerative BioMed.
Engineering, Dongguk Univ., Goyang, Republic of Korea
Purpose: Osteoarthritis (OA) is a common degenerative joint disorder characterized by the gradual degeneration of articular cartilage
and low-grade inﬂammation in the joint. Recent strategies for OA
treatment include the use of different therapeutics based on cell,
gene, and tissue engineering. Previously, we established a 3D culture
method for an autologous chondrocyte implantation (ACI) therapy

which demonstrated signiﬁcant chondrogenic capacity capable of
ﬁlling cartilage lesions in the articular joint. Through this, we have
suggested that the costal cartilage from OA patients could be a new,
adaptive source of chondrocytes for ACI. Recently, a secretome
analysis has revealed that 3D spheroid-cultured human mesenchymal stem cells are effective therapeutics for OA treatment through
their paracrine activity. While our autologous chondrocyte 3D pellet
has gathered great interest through its structural restorative capabilities, its mode of action through its paracrine activity has not been
studied. In this study, we analyze the secretome and the cytokines,
growth factors, and microRNAs of our tissue-engineered chondrogenic 3D pellets, and evaluate their potential therapeutic effects for
OA treatment.
Methods: Human chondrocytes were isolated from donated costal
cartilage of OA patients. We established a 3D pellet culture of human
costal chodrocyte, and compared the secretome of 2D and 3D cultures
under IL-1b treatment to a control group. A human cytokine antibody
array was used to perform cytokine analysis. Differentially expressed
microRNA was analyzed by small RNA sequencing from 3D pellet
derived extracellular vesicles (EVs). RT-PCR and qRT-PCR were used to
conﬁrm the expression levels of microRNA (miRNA) and mRNAs. The
migration phenotypes of human ﬁbroblast-like synoviocytes (HFLS)
were determined by wound healing assay.
Results: 3D culture conditions signiﬁcantly increased the secretion
level of cytokines, including TSP-1/2, TGFb1, FGF-18, Gremlin, DKK-1,
and TSG-6. Notably, TSG-6 was increased following IL-1b treatment, but
TGF-b1, DKK1, TSP-2 levels did not change. The expression level of hsamiR-140-3p and -5p in the secretome was signiﬁcantly higher in 3D
culture conditions during 10 days compare to 2D culture condition (p8).
Furthermore, HUVEC transfected with the mimic miR-140-3p showed a
signiﬁcant decrease in tube forming activity compared with those
transfected with scrambled control. increased migration of ﬁbroblastlike synoviocytes in inﬂamed synovium is considered to be the pathophysiology of OA. Human HFLS treated with miR-24-3p mimics were
signiﬁcantly less migratory than scrambled control at 48 hours after
scratching.
Conclusions: This study shows that our chondrogenic 3D pellet culture promotes the secretion of cytokines and miRNAs in EVs,
including TSG-6, miR-140-3p, and miR-24-3p. We assessed whether
this 3D pellet-derived secretome affects synovial inﬂammation, such
as the angiogenesis and migration of synoviocytes. As a result, miR140-3p and miR-24-3p overexpressed in 3D pellet have shown
potential therapeutic effects for OA treatment, reducing and inﬂamed
synovium.
PRESENTATION NUMBER: 251
CARBON DOT-GUIDED DELIVERY OF THERAPEUTIC (SOX9, TGF-b)
RAAV VECTORS TO ENHANCE THE BIOLOGICAL ACTIVITY OF
HUMAN ARTICULAR CHONDROCYTES
W. Meng 1, J.K. Venkatesan 1, A. Rey-Rico 2, G. Schmitt 1,
S. Speicher-Mentges 1, F. Pons 3, H. Madry 1, L. Lebeau 3, M. Cucchiarini 1.
1
Saarland Univ., Homburg, Germany; 2 Cell Therapy and Regenerative
ns Cientíﬁcas Avanzadas (CICA), Univ.e
Med. Unit, Centro de Investigacio
~ a, Corun
~ a, Spain; 3 CAMB, UMR 7199 CNRS-Univ. of Strasbourg,
da Corun
Faculty of Pharmacy, Illkirch, France
Purpose: Articular cartilage lesions represent serious issues in orthopaedics as the specialized cartilage tissue does not fully heal on itself by
lack of vascularization and of local chondroregenerative cells that may
repopulate the defects [1,2]. Scaffold-assisted gene therapy is a highly
promising tool to treat cartilage injuries, including osteoarthritis (OA),
upon direct delivery of therapeutic gene sequences [3,4]. Yet, the
presence of neutralizing antibodies against viral capsid epitopes in a
majority of patients [5] remains a limitation to the safe and effective use
of the vectors in translational protocols. In light of our previous
observations showing the potential of carbon dot (CD)-guided rAAV
gene transfer in human bone marrow-derived mesenchymal stromal
cells (hMSCs) [4], we examined here the ability of an optimized CD
(MC148) [4] to deliver chondroreparative sox9 and TGF-b rAAV vectors
to human articular chondrocytes, the ultimate targets for applications
to treat OA.
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Methods: rAAV vectors were packaged, puriﬁed, and titrated as
previously described [4,6]. rAAV-lacZ carries the E. coli b-galactosidase (lacZ) reporter gene, rAAV-FLAG-hsox9 a human sox9
sequence, and rAAV-hTGF-b a 1.2-kb human transforming growth
factor beta 1 sequence, all controlled by the CMV-IE promoter/
enhancer [4,6]. Human OA cartilage was obtained from joints
undergoing total knee arthroplasty (n ¼ 2, age 70-75) (Mankin score
7-9) and OA chondrocytes were prepared as previously described
[6]. Cells (passage 1) were seeded in 48-well plates (5,000 cells/
well), maintained in DMEM, 10% FBS, 100 U/ml penicillin G, 100 ml/
ml streptomycin, and incubated at 37ºC during 12 h before addition
of the CDs. The CDs (MC148) were generated through pyrolysis of
citric acid in the presence of N,N-dimethylethylenediamine
(DMEDA) [7] and next mixed with rAAV-lacZ, rAAV-FLAG-hsox9, or
rAAV-hTGF-b in equal parts and applied to the cells for up to 21 days
[4]. SOX9 expression was detected by immunocytochemistry, TGF- b
expression by immunocytochemistry and by ELISA (R&D Systems),
and collagen deposition (type-I, -II, and -X collagen) by immunocytochemistry on ﬁxed cells [4,6]. Alcian blue staining (matrix
proteoglycans) was performed on ﬁxed cells and the stain was
quantiﬁed by overnight solubilization in 6 M guanidine hydrochloride to monitor absorbance at 595 nm [8]. Cell viability was
monitored using the Cell Proliferation reagent WST-1 (Roche
Applied Science) [4]. Each condition was performed in duplicate in
three independent experiments.
Results: Successfully therapeutic gene delivery of rAAV was achieved
in human OA chondrocytes via MC148 as noted by the effective
expression of SOX9 and TGF-b in the cells for at least 21 days (the
longest time-point evaluated) upon sox9/MC148 and TGF-b/MC148
application, respectively, versus control conditions (lacZ/MC148 and
-/MC148) (Fig. 1A). These results were corroborated by an estimation
of the levels of TGF-b expression over time by ELISA, with increased
amounts of growth factor produced upon TGF-b/MC148 administration at any time point of the analysis compared with all other
conditions (Fig. 1B). Overexpression of sox9 and TGF-b via sox9/MC148
and TGF-b/MC148 delivery, respectively, increased the deposition of
type-II collagen and matrix proteoglycans in human OA chondrocytes
over time (21 days) while further decreasing type-I collagen expression versus control conditions (Fig. 2). Of note, sox9/MC148 also
advantageously reduced premature hypertrophy (type-X collagen) in
the cells over the whole period of evaluation (21 days) (Fig. 2). In
addition, both sox9/MC148 and TGF-b/MC148 treatments allowed to
trigger cell proliferation after 21 days relative to control conditions
(Fig. 3).
Conclusions: Delivery of rAAV sox9 and rAAV TGF-b via MC148 CDs is
capable of activating the biological activities in human OA chondrocytes
without detrimental effect over time. These Results show the potential
of CDs as novel, safe and effective platforms to deliver rAAV vectors for
future applications to treat human OA.
Acknowledgements: Supported by a grant from the German Osteoarthritis Foundation (Deutsche Arthrose-Hilfe e.V. to MC) and the
Frontier Research in Chemistry Foundation (Strasbourg, France).

S207

PRESENTATION NUMBER: 252
MITOPROTECTIVE THERAPY REDUCES INFLAMMATION AND
PREVENTS CARTILAGE TURNOVER IN AN IN VIVO MODEL OF
POSTTRAUMATIC OSTEOARTHRITIS
M.L. Delco, L.A. Seewald, M. Cercone, K.V. Wells, L.A. Fortier. Cornell
Univ. Coll. of Vet. Med., Ithaca, NY, USA
Purpose: No disease-modifying agents are currently available to slow
the progression of post-traumatic osteoarthritis (PTOA). Mounting
evidence suggests that therapies targeting acute biological responses
following injury may be most effective at mitigating disease progression. Mitochondrial dysfunction is one of the earliest responses of
cartilage to mechanical stress, resulting in cartilage matrix degradation,
subchondral bone sclerosis, and ongoing joint disease. Mitoprotective
therapy using the SS-31 peptide has been shown to reduce chondrocyte
death and cartilage matrix degradation in an ex vivo cartilage impact
model; however, this peptide has not yet been investigated in an in vivo
model of PTOA. We hypothesized that intra-articular mitoprotective
therapy can help to reduce inﬂammation, cartilage degradation, and
ongoing degenerative joint disease in the early time frame following
mechanical joint injury in an equine model of impact-induced PTOA.
Methods: Adult horses (2-5 yrs, n ¼ 12) were anesthetized and three
focal cartilage injuries were arthroscopically delivered on each talus
using a hand-held impacting device. In one group (n¼6), both talocrural
joints were treated with SS-31 the same day as joint injury, while the
other group (n¼6) was injected with saline and served as untreated
controls. Synovial ﬂuid was collected from all joints before and 1, 2, 4,
and 6 weeks after injury, centrifuged to remove cells, and frozen at
-80 C. ELISAs were used to measure synovial ﬂuid concentrations of
prostaglandin E2 (PGE2), procollagen II C-propeptide (CPII), and collagen type II cleavage product (C2C), and the 1,9-dimethyl-methylene
blue dye binding assay was used to measure glycosaminoglycan (GAG)
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content. Synovial membrane biopsies were obtained at the time of
injury and during postmortem examination, six weeks after injury.
Osteochondral samples were obtained from injured and uninjured
regions of the joint during postmortem examination. To detect
expression of genes associated with early PTOA and mitochondrial
function, a custom 66 gene NanoString codeset was developed. RNA
extracted from synovium and osteochondral samples was run against
the codeset. NanoString nSolver 2.6 Analysis Software (NanoStringTechnologies) was used to process raw data, which were normalized to three housekeeping genes (GAPDH, HPRT1, and UBC). ELISA
data were compared using a linear mixed model with signiﬁcance at p <
0.05. RNA expression data were compared using a Wilcoxon sign rank
test with signiﬁcance at p < 0.05.
Results: Synovial ﬂuid CPII and PGE2 concentrations were signiﬁcantly
increased compared to baseline (day 0) in saline control joints at days 7
& 14 (Figure 1). Compared to control joints, treated joints had signiﬁcantly lower CPII concentrations at days 7 & 14 and PGE2 concentrations at day 14 (Figure 1). Neither C2C nor GAG concentrations were
different between groups or time points (Figure 1). Several genes were
differentially expressed in cartilage and synovium with injury and/or
treatment (Figure 2). Prostaglandin E synthase (PGES) expression was
signiﬁcantly higher in injured cartilage compared to uninjured cartilage
of the same joint and in synovium collected 42 days after injury compared to synovium collected prior to injury. In addition, injured cartilage had elevated expression of dynamin-related protein 1 (DRP1) and
PTEN induced kinase 1 (PINK1) compared to uninjured cartilage. Cardiolipin synthase 1 (CRLS1), heme oxygenase 1 (HO-1), and runt-related
transcription factor 2 (RUNX2) expression was decreased in the synovium of treated joints (Figure 3).
Conclusions: These data demonstrate that our articular impact model
produced changes consistent with cartilage injury-associated mitochondrial dysfunction and early PTOA, while mitoprotective therapy
mitigated these responses. Impact injury produced elevated expression
of DRP1 and PINK1, genes associated with mitochondrial ﬁssion and
mitophagy, respectively. Upregulation of these processes six weeks
after injury may indicate ongoing mitochondrial dysfunction in injured
chondrocytes. Additionally, injured joints had increased synovial ﬂuid
concentrations of CPII, a precursor of type II collagen, suggesting an
increased rate of cartilage matrix turnover in injured joints. A single
intra-articular injection of SS-31 after joint injury maintained CPII at
near-baseline levels, indicating that mitoprotection may also protect
against matrix turnover. In treated joints, reduced expression of RUNX2,
a transcription factor associated with cartilage matrix degeneration in
OA, further supports the ﬁnding that mitoprotection may help to prevent cartilage degradation after articular trauma. PGE2, a pro-inﬂammatory cytokine, has been demonstrated to promote loss of cartilage
matrix proteoglycan content, and contribute to the development of
osteoarthritis. Elevations in synovial ﬂuid PGE2 after injury, which
mirrored increased expression of PGES in cartilage and synovium, were
effectively mitigated by mitoprotective therapy, suggesting an antiinﬂammatory effect. This protective effect is further supported by the

ﬁnding that treated joints had a decreased expression of HO-1, an
antioxidant upregulated in response to reactive oxygen species (ROS)
produced during inﬂammation. Finally, the ﬁnding of reduced CRLS1
expression in treated joints is consistent with the known mechanism of
SS-31: to protect cardiolipin, an inner mitochondrial membrane phospholipid essential for mitochondrial function and mitochondrial cristae
structure. This study is the ﬁrst evidence that mitoprotection can prevent early catabolic responses to acute cartilage injury in an in vivo
model of PTOA. Mitoprotection may represent a valuable new therapeutic modality for preventing the progression from early cartilage
injury to degenerative joint disease.
PRESENTATION NUMBER: 253
GENERATION OF AN IMMORTALIZED CHONDROCYTE CELL LINE
FROM OSTEOARTHRITIS ARTICULAR CARTILAGE
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~ uelas 1,
M. Pin
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~ a, Spain
(UDC), CICA-INIBIC, A Corun
Purpose: Primary human articular chondrocytes tend to senesce and
lose their phenotype in vitro after a few passages. Chondrocyte cell lines
available have been generated from cartilage sources different from
synovial joints, and their usefulness for articular cartilage research is
limited. For these reasons, the aim of this study was the generation of an
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immortalized chondrocyte cell line derived from the articular cartilage
of a patient with osteoarthritis (OA).
Methods: Primary OA articular chondrocytes were transduced with
SV40 large T antigen (SV40LT) and telomerase reverse transcriptase
(hTERT) by spinoculation employing retrovirus produced by Phoenix
Amphotropic cells. Expression of SV40LT and hTERT in transduced
chondrocytes was tested by immunoﬂuorescence. Proliferative capacity
and senescence were tested. The ability of transduced chondrocytes to
produce a cartilage-like tissue and to respond to IL-1b was analysed.
Results: An immortalized OA articular chondrocyte cell line was generated. Both transgenes were co-expressed in the nuclei of transduced
chondrocytes. Immortalized chondrocytes acquired a high proliferation
potential and showed no signs of senescence. Immortalized chondrocytes were able to form three-dimensional aggregates similar to those
formed by primary OA articular chondrocytes, but failed to produce
cartilage-like tissue. Immortalized chondrocytes retained the ability to
respond to IL-1b stimulation in a similar way to primary chondrocytes,
unlike the non-articular chondrocyte T/C28a2 cell line (Figure 1).
Conclusions: OA articular chondrocytes were successfully immortalized by SV40LT and hTERT transduction. Immortalized chondrocytes
acquired the ability to overcome senescence in vitro, but unable to form
cartilage-like tissue under the tested conditions. However, this cell line
might be useful for OA research, due to their ability to up-regulate
inﬂammatory mediators in response to IL-1b similarly to primary OA
articular chondrocytes.

PRESENTATION NUMBER: 254
DESIRABILITY PROFILING TO RANK MESENCHYMAL STROMAL CELL
ENHANCEMENT METHODS FOR OSTEOARTHRITIS TREATMENT
K.P. Robb 1, 2, S. Gabrial 1, A. Mirzaesmaeili 1, M. Kapoor 1, 3, J. Audet 2,
R. Gandhi 1, 4, S. Viswanathan 1, 5. 1 Osteoarthritis Res. Program, Div. of
Orthopedic Surgery, Schroeder Arthritis Inst., Krembil Res. Inst., Univ.
Hlth.Network, Toronto, ON, Canada; 2 Inst. of BioMed. Engineering, Univ.
of Toronto, Toronto, ON, Canada; 3 Dept. of Lab. Med. and Pathobiology,
Dept. of Surgery, Div. of Orthopaedic Surgery, Univ. of Toronto, Toronto,
ON, Canada; 4 Dept. of Surgery, Div. of Orthopaedic Surgery, Univ. of
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Toronto, Toronto, ON, Canada; 5 Inst. of BioMed. Engineering, Dept. of
Med., Div. of Hematology, Univ. of Toronto, Toronto, ON, Canada
Purpose: Mesenchymal stromal cells (MSCs) are being investigated for
treatment of osteoarthritis (OA) due to their immunomodulatory and
anti-ﬁbrotic capacity. However, insufﬁcient potency and deﬁcient
knowledge on therapeutic mechanisms can limit their efﬁcacy, pointing
to a need for next-generation MSC products with enhanced potency and
well-characterized mechanism of action for OA treatment. The Viswanathan lab has pioneered a proprietary xeno-free strategy to augment
MSC immunomodulatory functions via 3D aggregate culture (UHN TDC
#2019-021). Notably, hypoxic culture has also been shown to enhance
MSC paracrine functions, including pro-angiogenic functions. Our
objective is to characterize 3D and hypoxic MSCs in terms of their
immunomodulatory, angiogenic, and anti-ﬁbrotic properties, and to
apply desirability proﬁling to statistically rank the potency of the MSCs
according to these different properties. Furthermore, the therapeutic
efﬁcacy of 3D and hypoxic MSCs will be validated using OA models.
Methods: Human adipose tissue-derived MSCs (AD-MSCs) were
expanded using xeno-free medium, followed by 3D or hypoxic (38
mmHg O2) culture for 16 h, using 2D normoxic MSCs as controls (N¼5
AD-MSC donors). Expression of AD-MSC surface markers was veriﬁed
by ﬂow cytometry. Morphometric characterization of 2D and 3D ADMSCs was performed by image analysis and using the Vi-Cell XR Cell
Counter. Expression of a custom 50-gene panel was measured in ADMSCs licensed with pro-inﬂammatory cytokines (IFNg, TNFa, IL-1b)
using the NanoString nCounter platform. 3D and 2D normoxic AD-MSCs
were administered in the destabilization of the medial meniscus
(DMM) mouse model for OA, and joints were harvested 4 weeks after
cell treatment. Statistical analysis and desirability proﬁling was performed using JMP software. Desirability proﬁling was applied as a
statistical tool for multiple response optimization that assigns an
overall desirability score based on the combination of individual data
outputs.
Results: Morphometric analysis revealed that 3D AD-MSC aggregates
displayed mean feret diameters of 36.12 mm ± 4.34 mm (mean ± SD)
while single cells obtained from dissociated 3D aggregates displayed
signiﬁcantly smaller diameters (19.17 mm ± 0.82 mm vs 22.05 mm ± 1.52
mm for 2D conditions), characteristic of a more functionally primitive
MSC phenotype. Agglomerative clustering of gene expression data
revealed that 3D AD-MSCs have a distinct signature relative to 2D
normoxic and hypoxic AD-MSCs, displaying signiﬁcantly differentially
expressed genes (DEGs) associated with immunomodulatory (17 DEGs),
angiogenic (12 DEGs), and anti-ﬁbrotic (4 DEGs) functions. Desirability
proﬁling analysis demonstrated that 3D AD-MSCs received higher
scores across all three functional categories, suggesting that the 3D ADMSCs have augmented immunomodulatory, pro-angiogenic, and antiﬁbrotic functions based on their gene expression proﬁles. In contrast,
intermediate scores were observed for 2D hypoxic AD-MSCs, with 2D
normoxic AD-MSCs receiving the lowest scores. Preliminary experiments in the DMM mouse model demonstrated that xenogeneic ADMSCs were not rejected within the immunocompetent mice. Analysis of
cartilage degradation, synovitis, and joint ﬁbrosis are ongoing.
Conclusions: 3D aggregate culture represents a promising method to
augment MSC paracrine functions. In ongoing studies, the antiinﬂammatory and anti-ﬁbrotic functions of 3D AD-MSCs will be evaluated in co-culture systems with human monocyte/macrophages and
OA patient-derived synovial ﬁbroblasts, respectively, as well as in the
DMM mouse model. Taken together, this work suggests an advantage of
3D AD-MSCs over conventional MSC culture methods and may represent a new therapeutic strategy with increased efﬁcacy and wellcharacterized mechanism of action for OA treatment.
PRESENTATION NUMBER: 255
PRECLINICAL SAFETY AND EFFICACY OF JUVENILE CARTILAGEDERIVED CHONDROCYTE SHEETS FOR TREATING FOCAL CHONDRAL
INJURY
M. Kondo 1, S. Kameishi 1, K. Kim 1, N.F. Metzler 1, T.G. Maak 1,
D.T. Hutchinson 1, 2, A.A. Wang 1, 2, M. Maehara 3, M. Sato 3,
D.W. Grainger 1, T. Okano 1, 4. 1 Univ. of Utah, Salt Lake City, UT, USA;
2
Primary Children's Hosp. Orthopedics, Salt Lake City, UT, USA; 3 Tokai
Univ., Isehara, Japan; 4 Tokyo Women’s Med. Univ., Tokyo, Japan
Purpose: Cartilage lacks an innate repair capability after traumatic
injury. As such, focal cartilage defects have been implicated as a
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potential initiator of early osteoarthritic disease, and early treatment of
chondral defects may prevent or delay the development of osteoarthritis and improve patient quality of life. Cell sheet technology using
temperature responsive cultureware allows production of conﬂuently
cultured cells as sheets. Harvested sheets are readily patched on tissue
lesions and adhere without suture, ﬁbrin glue or other adhesion techniques. Autologous chondrocyte sheet transplantation has demonstrated safety and clinical efﬁcacy in a study with combined anterior
cruciate ligament reconstruction or high tibial osteotomy and microfracture. Juvenile cartilage-derived chondrocyte (JCC) has been identiﬁed as a quality source for neocartilage regeneration due to its immune
tolerant acceptability, proliferative activity, and maintenance of cartilage-speciﬁc matrix proteins in vitro, as compared to adult cartilagederived chondrocytes. Its availability also allows chondral defect
treatment in a single-stage surgical procedure. This study aims to
demonstrate the preclinical safety and efﬁcacy of human polydactylysourced JCC sheets in vitro and in vivo using an athymic nude rat focal
chondral defect model.
Methods: Cartilage from the phalanx and metacarpal bones of amputated polydactylous ﬁngers and toes from 12 patients (24.8±17.0
months old) was used. Isolated chondrocytes with collagenase were
expanded in chondrocyte culture medium (DMEM-F12 containing 1%
antibiotic-antimycotic and 20% fetal bovine serum). Medium was
replaced with chondrocyte medium supplemented with 100 mg/mL Lascorbic acid phosphate magnesium salt n-hydrate at the ﬁrst medium
change. Expanded cells were collected by TrypLE Select and cryopreserved in STEM-CELLBANKER GMP grade at the end of P0. Cell
sheets were prepared from thawed cryopreserved juvenile chondrocytes after one passage with a cell density of 10,000 cells/cm2 on
temperature responsive cell culture inserts. After 2 weeks of culture,
cell sheets were harvested and characterized on cell viability, total cell
number, and molecular markers with ﬂow cytometry and immunohistochemistry. A focal chondral defect (diameter 2 mm; depth 200-350
mm) on nude rats of 7 weeks old was created on the patellar groove of
the femur using an electric grinder. Defect depth was controlled by the
procedure under a surgical stereo zoom microscope with repeated
depth measurement to achieve minimal damage on subchondral bones.
For treatment group, JCC sheets were transplanted to each surgical knee
defect after defect creation. Weight distribution in rats was demonstrated with Incapacitance Tester. Animals were sacriﬁced after 4, 8, 12,
and 24 weeks for further histological evaluations.
Results: Polydactyly cartilage samples were characterized as hyaline
cartilage using safranin-O staining. The isolated chondrocytes exhibited
a constant growth rate for over 10 passages and maintained in vitro
chondrogenic potential. JCC sheets maintained high cell viability (98.0 ±
1.3%) and rich cell numbers in each sheet construct (1.90 ± 0.48 x 106
cells per sheet). After detachment, JCC sheets undergo a spontaneous,
endogenous contraction resulting in a multi-cell thick sheet structure.
The cell sheet stains positively for aggrecan with immunohistochemistry. Importantly, cells isolated from JCC sheets exhibit robust chondrogenic capacity in pellet cultures. Cell surface markers of the JCC
consisting cells for leukocytes and vascular endothelial cells were
negligible, indicating that the isolation and culture processes are free of
contaminants. All cells in sheets expressed mesenchymal cell markers,
CD44, CD90 and CD81. Doubling time of cell growth was stable in serial
subculture up to P13, which suggests that chondrocytes in sheets are
unlikely to transform to inﬁnitely proliferative cells in a further scaled
production process. After focal chondral injury in nude rat model,
ﬁbrotic pannus indicative of failure to spontaneously regenerate cartilage tissue was observed in the defect only group at all time points (4, 8,
12, and 24 weeks). In contrast to the defect only group, complete ﬁll
regenerated white cartilage occurred in defect areas of the JCC sheet
treatment group at all time points. Histological analysis showed the
samples of defect only group are safranin-O negative, whereas the JCC
sheet treatment group exhibited safranin-O positive, thick hyaline
neocartilage at all time points (4, 8, 12, and 24 weeks) with a stably
integrated interface with host tissue conﬁrmed with histological analysis. In addition, formation of lacuna structure was observed at all time
points, suggesting that mature cartilage was formed in defect areas.
Importantly, the newly formed cartilage did not display tumorigenic
growth in cartilage and other tissue over 6 months, supporting JCC
sheet phenotypic stability and safety in situ. Immunohistochemical

analysis showed that pannus tissue in the defect only group showed
neither aggrecan (ACAN) nor type 2 collagen (COL2) expression, but
strong type 1 collagen (COL1) expression. Regenerated neocartilage in
the JCC sheet treatment group demonstrated expression of ACAN and
COL2 with limited expression of COL1 localized to neocartilage surfaces.
Origin of the regenerated tissue was determined as human cells by
using human-speciﬁc vimentin staining. Interestingly, COL2 was
observed at the periphery of human-vimentin positive cells and adjacent interstitial matrix. The cell sheet transplanted group showed rapid
recovery to reach equal weight distribution on each leg after 3 weeks,
while the defect only group sustained low weight distribution on the
injured leg for over 6 weeks, indicating that regenerated cartilage tissue
alleviates pain caused by the focal defect.
Conclusions: This study demonstrates the quality and safety of JCC
sheets from a sustainable tissue supply and in vivo hyaline cartilage
formation with JCC sheets in a nude rat focal chondral defect model.
PRESENTATION NUMBER: 256
INFLUENCE
OF
HEAT
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CHONDROCYTES
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K. Kaihara 1, H. Inoue 1, S. Nakagawa 2, Y. Arai 2, Y. Fujii 1, Y. Kamada 1,
O. Mazda 3, K. Takahashi 1. 1 Dept. of Orthopaedics, Graduate Sch. of Med.
Sci., Kyoto Prefectural Univ. of Med., Kyoto, Japan; 2 Dept. of Sports and
Parasports Med., Kyoto Prefectural Univ. of Med., Kyoto, Japan; 3 Dept. of
Immunology, Graduate Sch. of Med. Sci., Kyoto Prefectural Univ. of Med.,
Kyoto, Japan
Purpose: Osteoarthritis (OA) is a disease that causes degenerative
changes in articular cartilage, resulting in joint deformities and functional disorders. Aging is one of the most important pathogenesis of OA,
and it has been reported that decreased expression of Sirtuin1 (SIRT1) is
associated with cellular senescence. On the other hand, heat shock
protein 70 (HSP70) is an important factor in the stress response
mechanism of chondrocytes and acts as a chondroprotective factor. In
HeLa cells, SIRT1 regulates the activation of heat shock factor (HSF), a
transcription factor of HSP70. The purpose of this study is to investigate
the effects of heat stress on SIRT1 transfected chondrocytes.
Methods: Plasmid vectors carrying SIRT1 (1 mg/ml) were prepared,
transfected into 293TN cells using PEI Max (5 ml) and incubated for 24,
48 and 72 hours, and then the expressions of SIRT1 and HSP70 were
analyzed by real time RT-PCR and western blotting. Next, the same
plasmid vector was transfected into the chondrocytes by electroporation and the expressions of SIRT1, HSF, and HSP70 were measured
by real time RT-PCR. In addition, SIRT1-transfected chondrocytes were
incubated for 72 hours and then subjected to thermal stress for 30 min
in a warm bath tub at 42 C. Then, gene expressions of SIRT1, HSF, HSP70,
aggrecan and col2A1 were evaluated by real time RT-PCR. In addition,
cytotoxicity was evaluated by LDH assay, and cell viability was evaluated by cell titer glo assay.
Results: In 293TN cells, SIRT1 expression remarkably increased by
SIRT1 gene transfection, whereas HSP70 showed no signiﬁcant difference in gene expression or protein production (Fig. 1). In chondrocytes,
the expression of both SIRT1 and HSP70 was increased by SIRT1 gene
transfection (Fig. 2). The expression of SIRT1 was increased by heat
stress in SIRT1-transfected chondrocytes. The expression of HSP70 was
increased synergistically by SIRT1 transfection and heat stress (Fig. 3).
However, there was no signiﬁcant difference in the expressions of HSF,
aggrecan and col2A1 by SIRT1 transfection and heat stress. Additionally,
There was no signiﬁcant difference in cytotoxicity and cell viability by
LDH assay and cell titer glo assay.
Conclusions: In this study, we generated a plasmid vector carrying
SIRT1 and conﬁrmed its performance using 293TN cells, which are
capable of highly efﬁcient gene transfer of the plasmid. Overexpression
of SIRT1 was reported to increase the expression of HSP70 in HeLa cells,
and we found that overexpression of SIRT1 also increased the expression of HSP70 in chondrocytes. Furthermore, the combination of SIRT1
overexpression and heat stress synergistically increased HSP70. However, there was no signiﬁcant difference in the expression of aggrecan
and col2A1 by increasing HSP70, and cytotoxicity and cell viability were
unchanged. Therefore, to obtain a cytoprotective effect by promoting
cartilage metabolism, the conditions for increasing HSP70 need to be
further examined.
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PRESENTATION NUMBER: 257
ALTERED SUSCEPTIBILITY
TO MECHANICAL LOADING
HYPERTROPHIC DEGENERATION OF CHONDROCYTES
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a solid beta-TCP anchor serving as subchondral bone replacement
phase. After 21 days of preculture in chondrogenic medium, a single
physiological loading episode (1 Hz, 25 % cyclic compression at 1 Hz
superimposed on 10 % static off-set, 10 min intervals with 10 min break,
3 h) was applied, imitating three hours of normal human walking in
ten-minute intervals. Load-induced alterations in proteoglycan and
collagen synthesis were assessed via radioactive isotope incorporation
for 24 h, analysis of gene expression and the activation of signaling
pathways. In order to investigate the role of relevant pathways, the
medium was supplemented with different agonists and antagonists
before and during loading.
Results: Maturation of MSC-derived engineered cartilage for 21 days
resulted in similar proteoglycan and collagen type II content as ACderived normal control cartilage. Both tissues reached a hardness of 76
% compared to native cartilage and showed a similar expression of the
chondrogenic markers COL2A1 and ACAN. The hypertrophic phenotype
of OA cartilage was conﬁrmed by signiﬁcantly higher COL10A1, MEF2C,
ALPL and IBSP gene expression compared to control cartilage. Loading
induced similar activation of pERK1/2 signaling in engineered control
and OA cartilage. While 3 h of compression did not disturb collagen and
proteoglycan synthesis in normal cartilage, extracellular matrix (ECM)
synthesis was signiﬁcantly suppressed in the OA group. Along signiﬁcantly downregulated COL2A1 gene expression, OA cartilage reacted
with a signiﬁcantly lower load-induced upregulation of the mechanoresponsive genes BMP2, BMP6, SOX9, FOSB, FOS and NR4A2 which
are BMP and NFkB-related target genes. The effect of BMP and NFkB
signaling on load-induced changes of ECM synthesis was further
assessed and suggested a crucial role for the NFkB pathway rather than
the BMP pathway as underlying mechanism.
Conclusions: We successfully established a novel human in vitro OA
cartilage loading model based on MSC-derived hypertrophic chondrocytes and demonstrated a reduced tolerance to physiological loading
for hypertrophic chondrocytes which may be due to an NFkB-related
susceptibility for load-induced suppression of cartilage matrix synthesis.
BY

J. Lueckgen 1, E. Kraemer 1, T. Reiner 2, W. Richter 1. 1 Res. Ctr. for
Experimental Orthopaedics, Heidelberg, Germany; 2 Dept. of Orthopaedic
and Trauma Surgery, Heidelberg, Germany
Purpose: Cartilage tissue is exposed to various movement-based
mechanical stresses and strains. Although physiological mechanical
loading can be beneﬁcial for cartilage formation and maintenance,
mechanical overload represents one major risk factor for osteoarthritis
(OA). Although mechanically-induced OA is focus of extensive research,
the underlying molecular mechanisms remain insufﬁciently understood and therapy options are limited. Frequently, overload-related OA
models are based on joint destabilization in small animals induced by
medial meniscus or anterior cruciate ligament (ACL) transection.
Although these models give insights into mechanisms of OA development, the Results cannot be fully translated to the human context.
Therefore, a human in vitro OA model is appealing which could not only
enable the elucidation of basic molecular mechanisms underlying
mechanoinduced OA, but also facilitate the establishment of novel
(movement-based) therapy options. Chondrocytes develop a hypertrophic phenotype during OA progression which is also recapitulated by
mesenchymal stromal cells (MSC) undergoing chondrogenic differentiation in vitro. This makes MSC an interesting cell source to investigate whether the OA-typical cellular phenotype may be more
susceptible for deleterious loading effects and what may be potential
reasons. Available studies subjecting MSC-derived cartilage to
mechanical loading so far intended to enhance neocartilage formation
for regenerative purposes, while consequences of the hypertrophic
chondrocyte phenotype on the loading response remained unaddressed. Therefore, the aim of this study was to develop a novel in vitro
OA cartilage model based on human MSC and investigate, how the
hypertrophic degeneration of chondrocytes affects the loading response
compared to healthy engineered cartilage and to characterize underlying mechanisms.
Methods: Cartilage replacement tissue was generated from human
articular chondrocytes (AC, normal control cartilage, n¼5 donors) or
from human bone marrow derived MSC (OA cartilage, n¼6 donors).
Cells were seeded in a collagen type I/III scaffold which was attached to

PRESENTATION NUMBER: 258
PHENOTYPIC CHARACTERISTICS AND GENE EXPRESSION PROFILES
OF HUMAN CHONDROCYTES IN TISSUEGENE C
I. Uzieliene 1, E. Bagdonas 1, J. Denkovskij 1, E. Bernotiene 1, H.-J. Yoon 2,
H.T. Tran 2, H. Choi 2, 3, S. Han 2, M.J. Noh 2, A. Mobasheri 4,1. 1 State Res.
Inst. Ctr. for Innovative Med., Vilnius, Lithuania; 2 KOLON TissueGene,
Inc., Rockville, MD; 3 KOLON Industries, Inc., Seoul, Republic of Korea;
4
Univ. of Oulu, Oulu, Finland
Purpose: TissueGene C (TG-C) is a cell-mediated gene therapy for knee
osteoarthritis (OA) that is administered through a single intra-articular
injection. It is composed of a 3:1 mixture of non-irradiated allogeneic
human chondrocytes (hChonJ) and irradiated and transduced human
GP2-293 cells, a protein production platform used for over-expressing
transforming growth factor (TGF)-b1, a growth factor that promotes cell
differentiation and anti-inﬂammatory activity. The aim of this study
was to examine the phenotypic characteristics and gene expression
proﬁle of the hChonJ component of TG-C and compare the expression of
chondrogenic genes and cell surface markers in hChonJ with the
chondrocyte cell line C28/I2 and commercially available primary
human chondrocytes from late passage cultures.
Methods: Human hChonJ cells (Kolon TisssueGene) were cultured in
ﬂasks with and without type I collagen pre-coating. In parallel, the
chondrocyte line C28/I2 (Merck Millipore) and commercially available
primary human chondrocytes (Cell Application, Inc.) were seeded
according to the manufacturer’s recommendations. Primary human
chondrocytes were analysed at passage 7 (P7). All three cell populations
were characterized according to their microscopical morphology and
ﬂow cytometric expression of selected cluster of differentiation (CD)
markers including CD10, CD26, CD44, CD49c, CD54, CD81, CD90, CD151,
CD166. The chondrogenic capacity of all three cell populations was
examined after 7 days in pellet cultures stimulated with TGF-b1 or TGFb3 in chondrogenic medium. Expression of genes characterising chondrocyte phenotype (type I, type-II and type-X collagens, aggrecan core
protein, SOX9, MMP13, RUNX2) was analysed by RT-qPCR in monolayer
cultures and after day 7 of chondrogenic induction in high-density
pellets.
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Results: When cultured in non-precoated ﬂasks HChonJ cells exhibited
diverse morphologies; some cells were spindle-shaped with long
cytoplasmic extensions, whereas others were more rounded in shape.
Pre-coating of ﬂasks with type I collagen resulted in more rounded
morphologies in hChonJ cells. Expression of CD10 and CD26 was highest
in hChonJ cells (10.8% and 17%, respectively), however, in other cell
populations, expression of these markers was less than 2% (Fig. 1). The
differences in median ﬂuorescence intensity (MFI) were less evident
between the groups (Fig. 2). Expression of CD44, CD151 and CD166 was
conﬁrmed in more than 97 % of all cell populations. Expression of CD49c
was conﬁrmed in more than 84% of all cell populations. However, MFI of
CD49c, CD151 and CD166 was the highest in hChonJ, as compared to
C28/l2 and primary human chondrocytes. Expression of CD81 was
similar in hChonJ (99.30%), C28/l2 (99.30%) and primary human chondrocytes (96.20%), while the MFI was similar only in hChonJ (55.50) and
C28/l2 (58.40), but much higher in primary human chondrocytes
(80.95). A high ﬂuorescence intensity was detected for CD44 (134.11) in
C28/l2 and in hChonJ (108.97), while in primary human chondrocytes it
was lower (71.26). The percentage and expression of CD90 was also
similar in hChonJ and primary human chondrocytes while lower in C28/
l2 (8.53%). Expression of CD54 was 68.80% hChonJ cells and 96.20%, in
primary human chondrocytes, while in C28/l2 cells it was only 1.21%.
The MFI of CD90 (180.07), and CD54 (24.11) was highest in primary
human chondrocytes. C28/I2 cells continued to proliferate in 3-D pellet
cultures, and their RNA quantity was increased in chondrogenic conditions in pellet cultures compared to other cells. Expression of chondrogenic genes varied in all cells examined. In adherent cells,
expression of SOX9 was highest in hChonJ (relative transcript level 36.5), while after one week in chondrogenic conditions the level of
SOX9 ranged roughly between C28/I2 and primary human chondrocytes (Fig. 3, A). Expression of COL2A1 was very low in C28/I2 (0.21)
and undetectable in hChonJ and primary human chondrocytes (Fig. 3,
B). In chondrogenic conditions, COL2A1 increased in all cells but was
highest in primary human chondrocytes (1.78 and 11.18), followed by
hChonJ (1.4 and 7.44). ACAN gene expression was low in adherent C28/
I2 and hChonJ cells - 0.22 and 10.5, respectively (Fig. 3, C). In contrast, it
was 209-1672 fold higher in primary human chondrocytes. Stimulation
of pellet cultures in chondrogenic conditions increased the expression
of ACAN in hChonJ and primary human chondrocytes compared to
untreated controls (15.3- and 22.2-fold, and 9.16- and 21.8-fold,
respectively). There was no signiﬁcant increase in ACAN gene expression in C28/I2 cells in chondrogenic conditions. Stimulation with TGFb3 resulted in higher expression of SOX9, COL2A1 and ACAN as compared to the effects of TGF-b1 in hChonJ cells and primary human
chondrocytes. Expression of COL1A1 was higher in pellet cultures in
chondrogenic conditions, compared to corresponding controls (Fig. 3,
D). The lowest expression, as well as induction by TGFs, was in C28/I2
cells: upon chondrogenic stimulation, the expression of COL1A1
increased 3.4- and 10.5-fold, respectively. In hChonJ and primary
human chondrocytes, the expression of COL1A1 was up-regulated 3239-fold and about 24-37-fold, respectively. COL10A1 gene was neither
expressed in adherent cells nor in C28/I2 cells under all conditions
tested (Fig. 3, E). In chondrogenic conditions, COL10A1 expression in
hChonJ was 2.9 to 3.6-fold higher compared to primary human chondrocytes under the same induction conditions. However, in chondrogenic conditions, the relative transcription level of the MMP13 gene
increased in hChonJ cells stimulated with both TGF-b1 and TGF-b3 and
was highest compared to other cell lines (around 35.7 - 43.7-fold
higher). RUNX2 expression was low in adherent hChonJ and primary
human chondrocytes (2.57 and 1.6) but was higher in C28/I2 cells - 13.2
(Fig. 3, G). In chondrogenic conditions, RUNX2 expression increased in
hChonJ and primary human chondrocytes but not in C28/I2 cells. When
compared to primary human chondrocytes, the increase in RUNX2 gene
expression in hChonJ cells was only 1.5 to 1.7-fold.
Conclusions: The hChonJ cells in TG-C exhibited a number of phenotypic differences and similarities when compared with C28/I2 and
primary human chondrocytes lines; hChonJ was similar to C28/l2 line
and primary human chondrocytes in the expression percentage of
CD44, CD151, CD166, however had higher expression of CD10 and
CD26. Moreover, the expression levels (MFI) of CD49c, CD151 and
CD166 were higher in hChonJ cells. In the chondrogenic medium and
pellet cultures, hChonJ cells responded to TGF-b1 and TGF-b3 stimulation by up-regulating SOX9, COL2A1 and ACAN genes, three
markers of hyaline cartilage, indicating that they have the ability to
respond to relevant paracrine signalling. In addition, hChonJ

exhibited a higher expression of MMP13 and COL10A1 compared to
other cells examined. Despite obvious phenotypic and gene expression differences with C28/I2 and primary human chondrocytes,
hChonJ cells appear to possess a chondrocyte-like phenotype that is
likely to have paracrine effects on transduced human GP2-293 cells
over-expressing TGF-b1, which qualiﬁes their suitability as a key
component of TG-C.

PRESENTATION NUMBER: 259
PRECLINICAL SAFETY OF TG-C e PERSISTENCE AND DISTRIBUTION
OF TG-C IN RAT JOINTS, TUMORIGENICITY IN NUDE ATHYMIC AND
SEVERE COMBINED IMMUNODEFICIENT MICE (SCID) AND
MULTIPLE DOSE SAFETY IN GOATS
A. Mobasheri 1, 2, H. Choi 3, 4, S. Han 5, M.J. Noh 5. 1 Univ. of Oulu, Oulu,
Finland; 2 State Res. Inst. Ctr. for Innovative Med., Vilnius, Lithuania;
3
KOLON TissueGene, Inc., Oulu, MD, USA; 4 KOLON Industries, Inc., Seoul,
Republic of Korea; 5 KOLON TissueGene, Inc., Rockville, MD, USA
Purpose: TG-C is a cell-mediated gene therapy that is in clinical
development for the treatment of knee osteoarthritis (OA). It consists of
a 3:1 mixture of non-irradiated allogeneic human chondrocytes and
irradiated transduced human GP2-293 cells that serve as a protein
production platform over-expressing transforming growth factor- b1
[TGF-b1]). The safety and efﬁcacy of a single intra-articular injection of
TG-C into the knee joint have been evaluated in a Phase 1, multicenter,
single-blind, randomized, placebo-controlled, dose-escalation trial, a
Phase 2, multicenter, double-blind, randomized, placebo-controlled,
ﬁxed-dose trial, and an ongoing Phase 3, multicenter, double-blind,
randomized, placebo-controlled trial. However, there are gaps in
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reports of the pre-clinical safety of TG-C. The aim of this study was to
examine and document the preclinical safety of TG-C. The studies
employed various experimental animal models to focus on the preclinical safety of the cellular components in TG-C and determine
adverse outcomes following joint and subcutaneous injections.
Methods: All animal studies were conducted with ethical committee
permission and approval and in line with the World Medical Association (WMA) Declaration of Helsinki and NC3Rs ARRIVE guidelines to
ensure the welfare of animals used for research. 2x106 / mL (20 mL)TG-C
cells (48Gy-irradiated) were injected into the knee joints of 70 (35 male
and 35 female) Sprague-Dawley (SD) rats. The rats that were not
injected were used as the control group. 10 rats (5 male and 5 female)
that were injected were sacriﬁced, and the tissues were harvested at
0.4, 1, 3, 7, 14, 30, and 60 days. The harvested tissues included blood,
bone marrow, brain, heart, kidney, the entire knee joint, liver, lung,
lymph nodes, ovaries, testes, pancreas and spleen. Genomic DNA was
isolated from the rat tissues and subjected to quantitative PCR (qPCR)
analysis was used to detect human cells and RvTGFb1 vector-transduced cells. The tumorigenicity studies in mice were conducted in 30 5week old female athymic nude (nu/nu) mice (Harlan) injected with TGC cells at a density of 5x107 cells/mL (20 mL). All positive control mice
were sacriﬁced and necropsied 14 days post-injection. All negative
control mice were sacriﬁced and necropsied 84 days after injection.
Safety studies in goats examined a total of 71 animals. Goats received
high and low doses of TG-C; 10 animals received a high single-dose of
5x107 cells/mL (500 mL); 10 animals received a low dose single-dose
1x107 cells/mL (500 mL); 10 animals received a high multiple-dose
5x107 cells/mL (500 mL) and were followed up for 6 and 12 months.
Results: Real-time qPCR was performed to determine if human TG-C
cells can be detected the knee joints and other organs. Treatment with
TG-C had no effect on mortality, body weight, or gross or microscopic
pathology of the injection site in rats.TG-C cells were detected for up to
3 days in the joint, but not after 7 days, as determined by qPCR. A few
cells were detected in lymph nodes in 3 (2 males and 1 female) of the 10
rats on day 0.4 days, but no cells were detected in lymph nodes after 1
day. TG-C cells were not detected in any other tissue. Parallel studies of
TG-C tumorigenicity conducted in nude athymic mice and SCID
revealed the formation of ﬁbrosarcomas at the injection site of all
positive control mice. Carcinomas were also detected in 30% 10 TG-C
injected mice. There were no neoplastic lesions detected at the site of
injection or in any of the other organs examined in the TG-C injected or
negative control injected mice. Safety studies in goats including clinical
chemistry, haematology, and organ histology revealed no adverse
ﬁndings, either systemically or locally at the 6 or 12-month timepoints.
None of the animals died as a consequence of being injected with TG-C.
TG-C was well tolerated and did not elicit any immune responses in the
goats either in the low, high, single or multiple doses.
Conclusions: The distribution of TG-C cells administered in the synovial
joint of rats did not result in any adverse effects or cytotoxicity. The
studies in the nude athymic and SCID mice revealed evidence of

Demographics
Clinical characteristics

OA disease severity

Treatment history

Table 1
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tumorigenicity, which was expected as these animals are immunodeﬁcient and are incapable of mounting a T-cell mediated immune
response against infections and tumors, including the administration of
neoplastic cells. Safety studies in goats revealed no adverse reactions
either locally or systemically. The Results of these pre-clinical and in
vitro studies demonstrate the safety of TG C. The radiation inactivation
of cell proliferation in the GP2-293 component of TG C underlines the
suitability for intra-articular injection into the knee joint. Furthermore,
the introduction of a gamma or x-ray radiation inactivation step in the
preclinical development pipeline for TG-C highlights the utility of this
approach for developing other cell-based approaches for the intraarticular treatment of OA. In summary, these results demonstrate that
TG C consists of cellular components that are safe for the treatment of
knee OA in healthy and immunocompetent patients.
PRESENTATION NUMBER: 260
TREATMENT SATISFACTION WITH MEDICATIONS PRESCRIBED FOR
OSTEOARTHRITIS: CROSS-SECTIONAL SURVEYS WITH PATIENTS
AND PHYSICIANS IN THE UNITED STATES
T.J. Schnitzer 1, R.L. Robinson 2, J. Jackson 3, J.C. Cappelleri 4, L. Tive 5,
A.G. Bushmakin 4, J. Jackson 3, M. Berry 3, S. Barlow 3, L. Viktrup 2.
1
Northwestern Univ., Chicago, IL, USA; 2 Eli Lilly and Company,
Indianapolis, IN, USA; 3 Adelphi Real World, Bollington, United Kingdom;
4
Pﬁzer Inc, Groton, CT, USA; 5 Pﬁzer Inc, New York, NY, USA
Purpose: To evaluate factors associated with treatment satisfaction
with medications for osteoarthritis (OA), from the perspectives of both
patients and their physicians.
Methods: Data were collected using the Adelphi OA Disease Speciﬁc
Programme™, a cross-sectional survey conducted in the United States
between February and May 2017. Participating physicians (primary care
physicians, rheumatologists, orthopedic surgeons), identiﬁed from
public lists, completed patient record forms on their next 9 consecutive
adult patients with OA. Each of the patients were also invited to complete a questionnaire about their OA and those currently prescribed
medication were included in the analyses. Patient-reported and
physician-rated overall treatment satisfaction with medications prescribed for OA was assessed on a 5-point Likert scale from 1 (very satisﬁed) to 5 (very dissatisﬁed), in response to, ‘Which of the following
options best describes your overall satisfaction with the prescribed
medicine(s) for your osteoarthritis?’ (patients) and, ‘Which of the following statements best describes your satisfaction with the patient’s
prescribed therapy (to treat their OA pain)?’ (physicians). Factors
assessed for association with treatment satisfaction included patient
demographic/sociodemographic characteristics, clinical characteristics,
markers of OA severity (patient-reported outcomes [pain intensity,
function, health-related quality of life (QoL; EQ-5D-5L), need for caregiver support with daily activities] and physician-rated assessments
[resistant to OA treatment, disease progression]), and treatment history.
Multiple linear regressions for treatment satisfaction were performed.

Patients and physicians

Patients only

Gender
Employment status
Most troublesome joint (hip)
Comorbid: other musculoskeletal pain
Obesity
Time since diagnosis
Quality of life (EQ-5D-5L)
Pain intensity
OA progression level
Treatment resistant OA pain
Issue: lack of efﬁcacy
Care by pain specialist (ever)
Best control of pain has been achieved
Exercise prescribed

Age
Most troublesome joint (back)
Comorbid: chronic low back pain
Comorbid: respiratory
Comorbid: neurological/psychological

Physicians only

Most troublesome joint (knee)
Risk of falls

Functional limitations
Caregiver responsible for patient’s daily needs
Issue: drug interactions
Current opioid use
Current corticosteroid use
Other treatments (eg, acupuncture)

Factors associated with the level of overall satisfaction with medications for OA

Issue: adverse events/tolerability
Issue: concerns of addiction
Care by primary care physician (ever)
Lines of OA medication

Osteoarthritis
andCartilage
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Covariates included in the models included race and gender as well as
all covariates identiﬁed as signiﬁcant (two-tailed p<0.25) in bivariate
comparisons with outcome. The ﬁnal set of factors were identiﬁed using
the LASSO (least absolute shrinkage and selection operator) approach.
Results: Responses from 153 physicians (81 in primary care, 35 rheumatologists, 37 orthopedic surgeons) and 572 patients were analyzed.
Among the 572 patients, mean age was 64.9 years, 60.5% (346/572)
were female, and 76.9% (440/572) were white. A total of 67.8% (388/572)
of patients were very satisﬁed or somewhat satisﬁed with their current
medication for OA. Physicians were satisﬁed with the treatment of
74.3% (425/572) of their patients. There was moderate agreement
between patient and physician ratings of satisfaction (Cohen’s weighted
kappa 0.57, p<0.0001). Fourteen of the 31 factors identiﬁed by LASSO
were associated with overall treatment satisfaction by both patients
and physicians (Table 1), including pain intensity, pain control, and QoL.
An additional 11 factors were associated only with patient-reported
satisfaction and 6 only with physician-rated satisfaction (Table 1).
Comorbid back pain was one of the factors that was associated only
with patient-reported satisfaction, whereas physician-rated satisfaction
was associated with risk of falls and concerns about addiction.
Conclusions: Patients and their physicians generally agree on many of
the factors inﬂuencing the level of satisfaction with prescribed medication for OA. Additional factors important for patients included
comorbidity, function, and current therapies. Physician-rated satisfaction was affected by concerns about falls and prior medication.
Disclosures: The study was conducted by Adelphi Real World and
sponsored by Pﬁzer and Eli Lilly and Company. Medical writing support
was provided by Kim Russell of Engage Scientiﬁc Solutions and funded
by Pﬁzer and Eli Lilly and Company.

cartilage shortly after injection (2 hours), with more pronounced penetration into the damaged areas (Figure 1). LNA043 was not detectable in
the articular cartilage or synovial-ﬂuid 7 days post intraarticular injection
(after administration of up to 20 mg). RNA-Seq analysis demonstrated
that 151 genes were signiﬁcantly up- or down-regulated in damaged
versus undamaged articular cartilage samples from placebo-treated OA
patients (Figure 2). LNA043 counter-regulated most of these OA-regulated
genes in damaged cartilage 7 days post treatment, suggesting a broad
effect of LNA043 on genes involved in OA pathogenesis. Furthermore,
several LNA043-regulated genes are involved in molecular signaling
pathways of cartilage homeostasis and repair.
Conclusions: In this study, LNA043 displayed a favorable safety proﬁle
without any clinically signiﬁcant drug-related safety signals or immunogenicity. LNA043 showed a tendency to preferentially penetrate into
damaged cartilage; was quickly cleared locally and systemically; and
counter-regulated several cartilage genes involved in OA pathogenesis
at the RNA level. Further studies of LNA043 for treatment of knee OA are
now in progress.

PRESENTATION NUMBER: 261
FIRST-IN-HUMAN TRIAL RESULTS OF LNA043, A NOVEL CARTILAGE
REGENERATIVE TREATMENT FOR OSTEOARTHRITIS
C. Scotti 1, J. Gimbel 2, D. Laurent 1, A. Madar 3, T. Peters 1, Y. Zhang 3,
F. Polus 1, M. Beste 3, I. Vostiar 1, S. Choudhury 4, N. Gerwin 1,
J. Goldhahn 5, M. Schieker 1, R. Roubenoff 1. 1 Novartis Inst.s for BioMed.
Res., Basel, Switzerland; 2 Arizona Res. Ctr., Phoenix, AZ; 3 Novartis Inst.s
4
for
BioMed.
Res.,
Cambridge,
MA,
USA;
Biostatistics
&
Pharmacometrics, Novartis Hlth.care Pvt. Ltd., Hyderabad, India; 5 Inst.
for Translational Med., ETH Zurich, Switzerland
Purpose: LNA043 is a modiﬁed truncated human angiopoietin-like 3
(ANGPTL3) protein identiﬁed in a phenotypic screen for inducers of
chondrogenesis and cartilage repair. The primary objective of this trial
(NCT02491281) was to assess safety and tolerability of single intraarticular doses of LNA043 into the knee of patients with knee osteoarthritis (OA).
Methods: A ﬁrst-in-human, randomized, single-center, double-blind,
placebo-controlled, single ascending dose trial was conducted in
patients aged 50-75 years with knee OA scheduled for total knee
replacement (TKR). Patients were randomized 3:1 (LNA043 to placebo)
in each of 7 cohorts consisting of 4 patients each. The 5 increasing
intraarticular dose levels ranging from 0.2 to 40 mg (0.2 mg, 2 mg, 10
mg, 20 mg, and 40 mg) were administered 7 days before TKR. Two
additional 20 mg dose levels were also administered 2 hours or 21 days
before TKR. Key safety parameters included adverse events (AEs),
injection-site reactions and detection of anti-drug antibodies against
LNA043. Knee tissues were obtained during the TKR procedure to assess
local exposure to LNA043 through immunohistochemical (IHC) staining, and cartilage biopsies were harvested from damaged and undamaged areas of the knee to perform RNA sequencing (RNA-Seq) analysis.
Results: In total, 30 patients were randomized to LNA043 (n¼21) or
placebo (n¼7). Two patients withdrew consent prior to treatment. The
mean age of recruited patients was 63 years, 68% were female (n¼19), and
96% were Caucasian (n¼27). A total of 19 (LNA043, n¼14; placebo, n¼5)
patients experienced at least one AE. The overall incidence of AEs was
66.7% (14/21) for LNA043 and 71.4% (5/7) for placebo. One case of dry
mouth/dysgeusia was reported as related in the 40 mg cohort, which
resolved spontaneously and was considered mild. Ten serious AEs were
reported in ﬁve patients (LNA043, n¼3; placebo, n¼2); none were considered drug related. Anti-LNA043 antibodies were not detected in any
patient. After intraarticular injection, LNA043 was dose-dependently
distributed from the joint to systemic circulation with Cmax typically
reached between 2 to 6 hours after the administration, followed by rapid
elimination. IHC demonstrated that LNA043 penetrated the articular

PRESENTATION NUMBER: 262
THE PREVALENCE OF SYMPTOMATIC KNEE OSTEOARTHRITIS AND
ITS CORRELATION ANALYSIS WITH COMPLETE BLOOD COUNT: A
MULTICENTER CROSS-SECTIONAL STUDY IN CHINA
Y. Qiu 1, 2, J. Gao 3, Q. Xue 1, 2, J. Lin 3. 1 Beijing Hosp., Beijing, China; 2 Natl.
Ctr. of Gerontology, Beijing, China; 3 Peking Univ. People's Hosp., Beijing,
China
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Purpose: The present study aims to estimate the prevalence of
symptomatic knee osteoarthritis (OA) and analyze the correlation
between symptomatic knee osteoarthritis and complete blood count
(CBC) Results through large sample data from multiple centers in
China.
Methods: Nationally representative sample was derived from China
Health and Retirement Longitudinal Study (CHARLS), a national
random sample of the Chinese population, wave 3, which was mainly
completed in 2015. A total of 21,100 individuals were interviewed,
blood samples from 13,420 individuals were collected then. Individuals were asked whether they were often troubled with pain, after
that, they’ll be asked to point out the site(s) of the body where he or
she was currently experiencing pain, knee part included. At the same
time, each individual was asked if he or she had a doctor-diagnosed
arthritis. We deﬁne a subject as a symptomatic knee OA if he or she
responded both questions positively. After data cleaning, a number of
12,952 individuals were categorized into four groups: (1) group 1:
symptomatic knee OA individuals, (2) group 2: individuals who are
suffering from knee pain but have no arthritis, (3) group 3: individuals who are diagnosed with arthritis but have no knee pain, (4)
group 4: individuals without arthritis and knee pain. The ﬂow chart
of this study was shown in Figure 1. Post hoc multiple comparisons
were conducted to analyze the CBC (hemoglobin, hematocrit, white
blood cell count, platelet counts and mean corpuscular volume
included) level in different groups. The criterion of signiﬁcance is p <
0.05.
Results: Among the 20,967 individuals included in the analysis, 19,692
answered both the knee pain and the doctor-diagnosed arthritis
question, the prevalence of symptomatic knee OA was 9.18% (1,808
individuals). The CBC level (WBC, HGB, HCT, MCV, PLT) of the four
groups was shown in Table 1 and Figure 2. Statistics showed that the
hemoglobin level of symptomatic knee OA individuals (13.34±1.80 g/
dL) was lower than that of other individuals (group 2 to 4: 13.51±1.98
g/dL, 13.62±2.03 g/dL, 13.82±1.92 g/dL, respectively), and the difference was statistically signiﬁcant. The hematocrit level of symptomatic
knee OA individuals (40.53±5.32 %) was lower than that of other
individuals (group 2 to 4: 40.64±5.84 %, 41.23±5.83 %, 41.80±5.62 %,
respectively), and the difference was statistically signiﬁcant. The platelet counts level in arthritis individuals without knee pain was the
lowest (199.09±76.88 109/L) when compared to other groups (group
1: 203.84±74.05 109/L, group 2: 208.21±81.03 109/L, group 4:
207.33±74.81 109/L). The level of white blood cell count and mean
corpuscular volume showed no signiﬁcance between the four groups.
The signiﬁcance between CBC level in the four groups was shown in
Table 2.
Conclusions: Symptomatic knee OA in China was still prevalent, the
prevalence of symptomatic knee OA in 2015 was higher than that in
2011. Individuals with symptomatic knee OA had a tendency to lower
hemoglobin and hematocrit, future research should pay more attention
to effective treatment, management and prevention of symptomatic
knee OA.
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PRESENTATION NUMBER: 263
COMMON PATTERNS OF VARIATION BETWEEN FEMORAL AND TIBIAL
CARTILAGE MAPS AND BASELINE FEATURES FROM THE
OSTEOARTHRITIS INITIATIVE
T. Keefe, L. Arbeeva, M. Niethammer, Z. Xu, Z. Shen, D. Nissman,
Y.M. Golightly, J.S. Marron, A.E. Nelson. Univ. of North Carolina, Chapel
Hill, NC, USA
Purpose: There is a growing recognition of the heterogeneity of the OA
disease process, generating a need for new methodologies to better
characterize potentially important subgroups. The purpose of this work
is to utilize novel methodologies to explore potential phenotypic groups
within the baseline Osteoarthritis Initiative (OAI) data, incorporating
demographic and clinical features and knee cartilage maps.
Methods: From the OAI baseline dataset (n¼4796 individuals with or at risk
of knee OA/9592 knees; 116 clinical and demographic features; https://nda.
nih.gov/oai/; AllClinical00), we excluded uninformative variables and
features/knees with missing data leaving 86 features from 3322 people
(6461 knees) for analyses. Continuous variables were standardized and
transformed using a procedure to remove skewness. Of these, 6390 knees
had available femoral and tibial cartilage maps for the enrollment
timepoint. This baseline dataset of knees was divided into two equal
partitions and the analysis repeated for each for internal validation purposes.
Femoral and tibial cartilage was segmented from the 3D DESS MR images
using a 3D U-Net for all patients and timepoints in the OAI dataset.
Thickness was measured to the closest point of the opposing surface of the
segmented cartilages and transferred to an atlas space via deep-learning-
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based deformable image registration, resulting in local spatial correspondences between all patients and all timepoints. The thickness maps
in this atlas space were then unrolled/projected to a 2D plane. For this
analysis, we utilized baseline maps and associated data.
Angle-based Joint and Individual Variation Explained (AJIVE) is a method
for understanding the modes of variation expressed in multiple sets of
measurements, called data blocks. This work includes 3 blocks (or data
types): (i) femoral cartilage maps (ii) tibial cartilage maps, and (iii) clinical
and demographic features from the OAI, all in the same set of knees. AJIVE
captures (1) shared (or “joint”) structure between blocks and (2) structure individual to each block. Here, we focus on exploring the ways in
which these blocks (different data types) vary together (shared, or “joint”
variation), that may reﬂect features of OA. Here, we focus on exploring
the ways in which these blocks (different data types) vary together
(shared, or “joint” variation), that may reﬂect features of OA. The modes
of variation are visualized using loadings plots, which show the contribution of each cartilage pixel and of each OAI variable to the mode of
variation. The amount that each knee expresses each of these modes is
called a score. Each knee’s score for each direction is represented by a dot,
colored according to baseline Kellgren-Lawrence Grade (KLG, from 04).Statistical signiﬁcance of the number of joint modes and of the contribution of each variable to those modes (joint loadings) were assessed.
Statistical signiﬁcance of the loadings (i.e., whether a particular cartilage
pixel or OAI feature has a nonzero inﬂuence on a mode of variation) was
assessed using a modiﬁcation of the jackstraw method (Chung and

Storey) for principal component analysis. We show only the loadings that
are statistically signiﬁcantly nonzero at the 0.01 level.
Results: This analysis includes n¼6390 knees, each of which have (i) a
57,117-pixel femoral cartilage reconstruction, (ii) a 56,204-pixel tibial
cartilage reconstruction, and (iii) 86 measurements from the OAI,
including basic vitals, demographics, pain surveys, and measurements of
knee function. The top three directions of shared/joint variation between
these three datasets were consistent in the two partitions (providing
internal validation) and are discussed below and shown in the Figure.
Direction 1 (Column 1 in Figure) reﬂects features that are associated
with thicker baseline cartilage overall and is bimodal based on sex (1A).
Knees with thicker (red) femoral (1B) and tibial (1C) cartilage are
characterized by higher knee ﬂexion force and speed of force production, male sex, higher education, faster 400m walk times (fewer
seconds), and fewer medications (1D).
Particularly for Direction 2, there is a clear association between worsening KLG (2A-B) and cartilage thinning (blue) in the medial femur
(2C) and most of the tibia (2D). Features associated with variation in this
direction include greater knee ﬂexion contracture, poorer symptoms
(lower KOOS and higher WOMAC), higher BMI, older age, and poorer SF12 physical health (2D). Direction 3 represents a spectrum between
lateral-predominant thinning and medial predominant thinning (3D-E),
where lateral thinning is associated with valgus knee alignment, higher
BMI, fewer chair stands completed per second, Black race, slower
walking speeds, and lower physical activity (PASE) scores (3F), while
medial thinning is associated with varus alignment, lower BMI, etc.
Conclusions: These Results utilize all the OAI baseline data in a novel
analysis which provides directions of joint, or shared variations. The
directions reﬂect 1) overall thicker cartilage in men and in healthier participants (greater knee ﬂexion forces, less medication, faster walk times);
2) medial thinning in older individuals with higher BMI, poorer physical
health, and more symptoms; 3) lateral thinning in Black individuals with
higher BMI, lower physical activity, slower walking speeds, and valgus
alignment. These directions are interpretable, reﬂecting known aspects of
knee OA, but also provide additional associations by utilizing all of the
available data. This cross-sectional analysis is a ﬁrst step, with future
directions to include assessing the directions of individual variation (for
the femoral and tibial cartilage and the features) and considering the
impact of baseline individual and joint variation on prognosis.
PRESENTATION NUMBER: 264
EFFICACY AND SAFETY OF HYDROXYCHLOROQUINE FOR THE
TREATMENT OF OSTEOARTHRITIS A SYSTEMATIC REVIEW AND
META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS
A. Singh 1, A. Kotlo 2, Z. Wang 1, T. Dissanayaka 3, S. Das 4, B. Antony 1.
1
Univ. of Tasmania, Menzies Inst. for Med. Res., Hobart, Australia; 2 St.
Lawrence Coll., Vancouver, BC, Canada; 3 Monash Univ., Victoria,
Australia; 4 Era’s Univ., Lucknow, India
Purpose: Conventional disease-modifying anti-rheumatic drugs have
been trialed in osteoarthritis (OA). Hydroxychloroquine (HCQ), which

Figure First 3 directions (columns 1-3) representing joint variation in

femoral cartilage thickness, tibial cartilage thickness, and clinical features based on AJIVE analysis using OAI baseline data. Location of each
knee in the coordinate system deﬁned by the joint directions are shown
in panels 1-3A, 2-3B, and 3C, colored by the knee’s baseline KellgrenLawrence grade (0¼purple to 4¼yellow). Femoral cartilage variation in
each direction is shown in 1A, 2C, and 3D; corresponding tibial cartilage
variation is shown in 1C, 2D, and 3E; thicker cartilage is red, thinner
cartilage is blue. The ten largest magnitude statistically signiﬁcant
feature loadings are represented by the bar plots in 1D, 2E, and 3F.
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has shown its effectiveness in rheumatoid arthritis, has been trialed for
the treatment of OA; however, its efﬁcacy and safety remain unclear.
This systematic review and meta-analysis evaluated the efﬁcacy and
safety of HCQ for the treatment of OA.
Methods: MEDLINE, EMBASE, and Cochrane Central were searched from
inception through June 2020. Two reviewers independently screened
for randomized controlled trials (RCTs) comparing HCQ with placebo or
other active-comparators for the treatment of knee, hand, or hip OA,
extracted data, and performed Cochrane risk of bias assessments.
Results: Six RCTs, four in hand OA, two in knee OA, consisting of 842
patients (436 in HCQ arm, 406 in control arm) were included. RCTs were
conducted between 2012-2020, one each at UK, Netherlands, Germany,
Italy, Iran, and Egypt; follow-up period ranged 24-52 weeks. Highquality evidence showed no clinically important pain reduction with
HCQ compared to placebo/active-control in hand OA (SMD: 0.14, 95% CI0.20, 0.48). Effect on pain reduction in knee and hand OA was small and
non-signiﬁcant (SMD: -0.09, 95% CI-0.44, 0.25). High-quality evidence
showed no improvement in dysfunction with HCQ compared to placebo
in hand OA patients (SMD: 0.08, 95% CI-0.23, 0.40). Effect on dysfunction improvement in knee and hand OA was modest and statistically
non-signiﬁcant (SMD: -0.20, 95% CI-0.57, 0.18). No improvement in QoL
was observed in hand OA.
Conclusions: HCQ has no beneﬁt in reducing pain and improving physical
function in hand and knee OA patients. Off-label use of HCQ for patients
with OA should be discouraged, considering no additional beneﬁt.
PRESENTATION NUMBER: 265
ARTHROPLASTY INFORMATION ON THE INTERNET: QUALITY OR
QUANTITY?
M.T. Davaris, M.M. Dowsey, S. Bunzli, P.F. Choong. Univ. of Melbourne,
Dept. of Surgery, St Vincent's Hosp., Melbourne, Australia
Purpose: Total joint replacement (TJR) is a high cost, high volume
procedure that impacts patients’ quality of life. Informed decisions are
important for patients facing TJR, who often use the Internet to ﬁnd
relevant information. However, the quality of health information on the
Internet can be highly variable. The aim of this study was to assess the
quality of online TJR information.
Methods: We identiﬁed 10,800 websites using 18 TJR-related keywords
(conditions and procedures) across the Australian, French, German and
Spanish Google© search engines. We used the Health on the Net (HON),
a validated online instrument, to asses the quality of TJR information.
The HON was applied to the ﬁrst 150 websites downloaded for every
keyword in each language. The quality of information on websites was
inspected, accounting for differences by language and tertiles. We also
undertook an analysis of English websites to explore types of website
providers.
Results: The keyword ‘total joint replacement’ had the most results
returned (~150 million websites). Nine percent of websites were HONaccredited. Differences in information quality were seen across search
terms (P<0.001) and tertiles (P<0.001) but not between languages
(P¼0.226). A larger proportion of HON-accredited websites were seen
from keywords in the “condition” and “arthroplasty” categories. The
ﬁrst tertile contained the highest number of HON-accredited websites
for the majority of search terms. Government/Educational bodies
sponsored the majority of websites.
Conclusions: Clinicians must consider the shortage of websites providing validated information, with disparities in both number and
quality of websites for TJR conditions and procedures. Clinicians may
consider obtaining HON-accreditation to validate their own professional websites. Patients may consider downloading HON to assist
evaluation of health information online. Overall, the challenge for
clinicians is to lead the design of reliable, accurate and transparent
orthopaedic websites online and direct patients to them.
PRESENTATION NUMBER: 266
PATTERNS OF OSTEOARTHRITIS CARE ACROSS SEVERITY LEVELS
DEFINED BY TREATMENT INTENSITY
J. Graham 1, T. Novosat 2, H. Sun 3, B. Piper 1, 4, J.A. Boscarino 5, M. Kern 1,
V. Duboski 1, E. Wright 1, R. Robinson 6, E. Casey 7, C. Beck 7, J. Hall 6,
J. Reiley 7, P. Schepman 7. 1 Ctr. for Pharmacy Innovation and Outcomes,
Geisinger, Danville, PA, USA; 2 Interventional Pain, Geisinger, Danville,
PA, USA; 3 Biostatistics Core, Geisinger, Danville, PA, USA; 4 Dept. of Med.
Ed., Geisinger Commonwealth Sch. of Med., Scranton, PA, USA; 5 Dept. of

Population Hlth. Sci., Geisinger, Danville, PA, USA;
Indianapolis, IN, USA; 7 Pﬁzer Inc., New York, NY, USA

6

Eli Lilly & Co.,

Purpose: To describe patterns of osteoarthritis (OA) care in a large
population of patients at various levels of OA severity, as deﬁned by
treatment intensity.
Methods: We retrospectively examined electronic health records at a
large integrated health system over an 18-year period from 2001to
2018. All patients with a diagnosis code for OA (ICD9 715.xx, ICD10 M1519) or with an OA-related joint surgery were included in the main
cohort, and records were examined from ﬁrst OA date (index date) until
last healthcare encounter in the study period. In order to compare
subgroups of patients based on OA severity, patients were classiﬁed as
having mild OA or moderate-severe OA at different time points. At ﬁrst
diagnosis date, patients were assumed to have mild OA. If they met any
one of eight criteria, they were then classiﬁed as moderate-severe OA
for the remainder of the study period. The eight criteria for moderatesevere OA were required to occur within 90 days of an encounter with
primary diagnosis of OA: hip/knee procedure, two anxiety/depression
encounters, two opioid prescriptions, two nonsteroidal anti-inﬂammatory (NSAID) prescriptions, two administrations of hyaluronic acid or
intra-articular corticosteroid, a prescription for a mobility aid, a referral
to physical therapy, or two x-ray exams. These criteria were based on
literature review, and to further investigate, we examined the frequency
of each criterion in patients who were 180 days away from total knee
replacement vs. patients who ﬁnished the study with no major joint
replacements to assess their appropriateness as markers for severity.
Then, the percentages of patients who had any use of 10 medication
categories (prescription order or self-report) were compared between
patients during mild vs. moderate-severe OA: tramadol, non-tramadol
opioids, NSAIDs, injectable OA medications (e.g., corticosteroids),
acetaminophen, salicylates, duloxetine, homeopathic medications,
other topical medications, and other over-the-counter medications.
Note that, for the ﬁrst 4 categories, receipt of two prescriptions with OA
diagnosis qualiﬁed them for moderate-severe level, but single or nonOA-related orders did not. Percentages of patients with spine or joint
imaging procedures (x-ray, computed tomography or magnetic resonance) and consults to OA-related care (pain management, orthopedics
or physical medicine and rehabilitation) were also compared between
severity levels. Finally, all analyses were repeated on the subgroup of
patients who eventually progressed to total knee replacement (TKR), for
comparison purposes. Percentages were compared with chi-squared
tests, with p-values <0.05 considered signiﬁcant.
Results: We identiﬁed 290,897 patients with OA for the main study
cohort; 58% of these patients were female, with mean age of 49 years
and mean BMI of 30.5 kg/m2. Of these, 133,207 (46%) patients met the
criteria for moderate-severe OA, and 157,690 (54%) never progressed
beyond mild OA. Total amount of observed time in the two severity
levels was 834,874 person-years in mild OA and 877,058 person-years
in moderate-severe OA. Sensitivity analysis showed that all eight criteria used to deﬁne moderate-severe OA were signiﬁcantly more
common in TKR patients than other OA patients (p<0.0001 in all cases,
relative risk ratios 1.63-6.39). A subset of 10,780 TKR patients (4%) were
used for the secondary analysis. As shown in Table 1, all 10 categories of
medication were associated with signiﬁcantly higher percentages of
patients using them during moderate-severe as compared to mild OA,
with the largest absolute differences in salicylates (52% vs. 28% of
patients), NSAID (68% vs. 50%) and other over-the-counter medications
(76% vs. 61%) (p<0.001 in all cases). In the subgroup who received TKR,
the contrasts in medication use between patients in the moderatesevere vs. mild levels were also statistically signiﬁcant and larger in
magnitude, with the largest absolute differences in tramadol opioids
(93% vs. 12%), acetaminophen (91% vs. 13%), and other over-the-counter
medications (94% vs. 24%) (p<0.001 in all cases). Patients were also
signiﬁcantly more likely to have imaging procedures done while in
moderate-severe OA than mild OA (84% vs. 47% for main cohort, 98% vs.
23% for TKR subgroup), and they were signiﬁcantly more likely to have
consults to OA-related care in moderate-severe vs. mild OA (81% vs. 42%
for main cohort, 99% vs. 62% for TKR cohort) (p<0.001 in all cases).
Conclusions: Although progress has been made in evidence-based
clinical algorithms for OA management, the data to identify severity of
OA and guide clinical treatment decisions are still limited. Understanding the characteristics of this unique patient population and the
treatments currently being used is key to achieving improved patient
outcomes. Of particular note, data from this OA cohort demonstrated
greater than 56% of patients utilizing tramadol opioid and greater than
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45% of patients using non-tramadol opioids regardless of severity level
of OA, though these percentages did change over the time period (time
data not shown). This large-scale retrospective study provides
descriptive data on current patterns of prescribing and healthcare utilization for OA, and evidence for a potential deﬁnition of treatmentbased severity levels for future analyses.
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increase in pain severity, since there were weak negative correlations
between it and VAS (r¼-0.23), pain subscale of WOMAC index (r¼-0.25).
Among obesity indicators, visceral fat content but not BMI had the most
severe correlation force with WOMAC index (r¼0.52 and r¼0.34,
respectively), it also had medium positive correlation with VAS (r¼0.37).
When analyzing VAS, WOMAC and Lequesne index, strong and medium
signiﬁcant positive correlations were revealed between themselves.
Assessment of life quality in patients revealed that obesity (BMI, fat
analyzer) was associated with deterioration in physical (r¼0.29; r¼-0.43,
respectively) and mental dimension of life quality (r¼0.30; r¼-0.43), but
age, duration of gonarthrosis and its onset age did not affect it signiﬁcantly. Numerous signiﬁcant negative correlations were found
between WOMAC, VAS, Lequesne scales and quality of patients’ life.
When analyzing histopathological parameters, signiﬁcant correlation
was observed between Mankin and OARSI scores (r¼0.77), and Krenn
scale synovitis was associated with high WOMAC value (r¼0.66).
Conclusions: Thus, new data on clinical, functional and histopathological
relationships, as well as their associations with OA risk factors and quality
of life in patients with advanced gonarthrosis, were obtained. Obesity,
early clinical OA onset were associated with severe pain and other
unfavorable manifestations of gonarthrosis. Visceral fat content was more
precise obesity indicator then BMI, and WOMAC index was more informative for knee statement assessment in comparison with VAS and
Lequesne index. Increasing pain, stiffness, and functional disorders of
knees as well as obesity (according to BMI, fat analyzer) worsened
physical and mental component summaries of life quality in patients.
Histopathological synovitis severity was associated with more intensive
clinical and functional disorders in patients with late stages gonarthrosis.
PRESENTATION NUMBER: 268
HOW WELL DO THE NEW 12-ITEM HIP DISABILITY AND
OSTEOARTHRITIS OUTCOME SCORE AND KNEE INJURY AND
OSTEOARTHRITIS OUTCOME SCORE PERFORM IN MEASURING
JOINT REPLACEMENT OUTCOMES?

PRESENTATION NUMBER: 267
RELATIONSHIPS BETWEEN CLINICAL MANIFESTATIONS, KNEE
HISTOPATHOLOGY, AND LIFE QUALITY IN PATIENTS WITH GRADE
3-4 GONARTHROSIS
K. Korochina, I. Korochina, T. Chernysheva, I. Krivotulova,
L. Tenchurina. Orenburg State Med. Univ., Orenburg, Russian Federation
Purpose: Purpose was to identify and analyze relationships between
osteoarthritis (OA) risk factors, clinical, functional, structural features of
knee joints and quality of life in patients with late-stage gonarthrosis.
Methods: The study was carried out on 120 patients with gonarthrosis,
directed to the total knee replacement. Inclusion criteria were: (1)
presence of knee osteoarthritis in accordance with Altman R.D. (1991);
(2) Kellgren-Lawrencе Grade 3-4; (3) voluntarily informed consent of
patients. Clinical examination covered collection of OA complaints,
anamnesis, risk factors, routine laboratory analyses. All patients undergone WOMAC questionnaire ﬁlling out as well as Lequesne index and
Visual Analoque Scale (VAS). The quality of life of patients was determined by MOS-SF 36 questionnaire. After total knee replacement,
operated material in form of medial tibial plateau and areolar synovial
membrane from upper torsion of knee joint was collected, and histopathological study was carried out using Mankin (1971) and OARSI scales
(2006) and synovitis score by Krenn V (2000). Statistical processing of
the data obtained was performed using Statistica 10.0 software package,
correlation analysis was done with Spearman's rank correlation coefﬁcient (r). The differences were considered signiﬁcant if p-value p0.05.
Results: We found, patients’ age positively correlated with age of OA
onset (r¼0.64), but did not have signiﬁcant correlations with clinical
duration of the disease. Also, patients’ age had negative correlations with
obesity indicators: body mass index [BMI] (r¼-0.29), visceral fat content
(r¼-0.28), that is, with aging, obesity has slightly decreased which is
probably associated with atrophic age-related processes. Age at clinical
OA onset was similarly correlated with BMI (r¼-0.22) and visceral fat
content (r¼-0.24) which naturally had positive strong correlation
(r¼0.70) among themselves. Clinical duration of gonarthrosis expectedly
correlated with age of disease onset (r¼-0.74) and it was associated with
high WOMAC (r¼0.31) and Lequesne score (r¼0.31). When assessing
clinical and functional knee state, we revealed signiﬁcant positive correlations between index WOMAC subscales / VAS, and BMI / visceral fat
content, but not patients’ age. Early OA onset was associated with slight

I.N. Ackerman 1, S.-E. Soh 1, I.A. Harris 2, 3, K. Cashman 4, E. Heath 4,
M. Lorimer 4, S.E. Graves 3, 5. 1 Monash Univ., Melbourne, Australia; 2 Univ.
of New South Wales, Sydney, Australia; 3 Australian Orthopaedic
Association Natl. Joint Replacement Registry, Adelaide, Australia; 4 South
Australian Hlth.and Med. Res. Inst., Adelaide, Australia; 5 Univ. of South
Australia, Adelaide, Australia
Purpose: The 12-item Hip disability and Osteoarthritis Outcome Score
(HOOS-12) and 12-item Knee injury and Osteoarthritis Outcome Score
(KOOS-12) were developed from the widely-used full length (42-item)
HOOS and KOOS instruments, which are considered too lengthy for routine
arthroplasty registry use. However, our current understanding of the
measurement properties of the HOOS-12 and KOOS-12 is limited as their
psychometric performance has not been evaluated beyond the initial
validation studies. As noted by the developers, further evaluation is needed
to determine how the HOOS-12 and KOOS-12 perform when administered
to other joint replacement populations, and in relation to other hip- or
knee-speciﬁc measures. This study aimed to examine the reliability, validity and responsiveness of the HOOS-12 and KOOS-12 for evaluating
outcomes after joint replacement, using large-scale national registry data.
Methods: Patient-reported outcomes data collected by the Australian
Orthopaedic Association National Joint Replacement Registry were used
for this analysis. HOOS-12 and KOOS-12 domain (pain, function, quality
of life) and summary impact data were available. The Oxford Hip Score
(OHS), Oxford Knee Score (OKS) and EQ-5D-5L were used as comparators. Instruments were administered pre-operatively and at six
months post-operatively. Internal consistency reliability, ﬂoor and ceiling effects, convergent validity, known groups validity, and responsiveness were evaluated using standard psychometric techniques.
Results: Baseline HOOS-12 and KOOS-12 data were available for 3,023
patients undergoing primary total hip replacement and 4,010 patients
undergoing primary total knee replacement. At baseline, high internal
consistency was demonstrated for all domains and summary scores
(Cronbach’s alpha: HOOS-12¼0.81-0.93; KOOS-12¼0.82-0.92). Postoperative ceiling effects (>15% of patients scoring the best possible score)
were identiﬁed for the HOOS-12 pain (46%), function (39%) and quality of
life domains (26%) and summary score (17%), and for the KOOS-12 pain
(21%) and function domains (18%). The HOOS-12 and KOOS-12 could
differentiate between two known groups (lowest/highest OHS or OKS
quartiles post-operatively; p<0.001) and were highly responsive to
change (effect sizes for HOOS-12: 2.20-2.83; KOOS-12: 1.82-2.35).
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Conclusions: The HOOS-12 and KOOS-12 are reliable and valid measures for assessing hip- and knee-related pain, function and quality of life
after joint replacement. For clinical research and registry purposes, the
ability of both instruments to detect change over time is an important
attribute. Ceiling effects identiﬁed at the post-operative time point may
reﬂect excellent patient recovery after joint replacement or limited
ability of the instruments to capture high-level improvements, which
warrants further investigation in other samples.
PRESENTATION NUMBER: 269
A SINGLE INJECTION OF SAPHENOUS NERVE BLOCK REDUCES PAIN
AND BLEEDING AFTER KNEE TOTAL ARTHROPLASTY
G. Ko 1, G. Hwang 2, S. Yun 2, W. Jeong 1. 1 Jeju Natl. Univ. Hosp., Jeju,
Republic of Korea; 2 Jeju Natl. Univ. Sch. of Med., Jeju, Republic of Korea
Purpose: In elderly patients, the vital signs tend to ﬂuctuate according
to the volume status, which may cause sudden hypovolemic shock in
cases of continuous postoperative bleeding. Elderly patients, especially
those who undergo surgery for arthritis, require great attention because
the bleeding may persist over the joints after surgery. Moreover,
appropriate pain control is associated with postoperative blood loss.
Recently, continuous nerve block via a catheter has been widely used for
the purpose of analgesia and reducing the side effects of drugs. However, a disadvantage of this technique is that catheter management is
difﬁcult. This study was conducted to assess postoperative pain control
and the reduction of blood loss with a single injection of saphenous
nerve block in elderly patients with osteoarthritis.
Methods: We reviewed the electronic medical records of patients who
had undergone knee total arthroplasty under spinal anesthesia
between January and May 2015. Finally, we enrolled 51 patients in this
study. All patients were treated using intravenous patient-controlled
analgesia for postoperative pain control, and additional analgesic
agents were administered when their visual analog scale scores were
above 6. In 25 patients, preoperative saphenous nerve block was performed using 15 ml of 0.75% ropivacaine under ultrasound guidance.
Results: The number of patients administered additional analgesics
during the maintenance period of intravenous patient-controlled analgesia was signiﬁcantly lower in the nerve block group than in the other
group (p¼0.007). In addition, the volume of postoperative blood loss from
catheter drainage was signiﬁcantly less at 2 and 3 days (p¼0.013 and
p¼0.041, respectively) in the nerve block group than in the other group.
Conclusions: In patients who undergo total arthroplasty because of
osteoarthritis, even a single injection of nerve block is helpful in postoperative pain control and the reduction of postoperative bleeding.
PRESENTATION NUMBER: 270
REGENERATION OF HYALINE CARTILAGE IN RESPONSE TO A SINGLE
INJECTION OF LNA043, AN ANGPTL3 MIMETIC, IN THE KNEE OF
PATIENTS WITH A FOCAL CARTILAGE DEFECT
D. Laurent 1, C. Scotti 1, M. Schreiner 2, 3, M. Neubauer 4, 5, T. Muellner 5, 6,
O. Zaric 3, V. Juras 3, P. Szomolanyi 3, J. Goldhahn 7, J. Praestgaard 8,
N. Gerwin 1, R. Roubenoff 1, S. Nehrer 4, 5, M. Schieker 1, S. Trattnig 3.
1
Novartis Inst.s for BioMed. Res., Translational Med., Basel, Switzerland;
2
Dept. of Orthopaedics and Trauma Surgery, Med. Univ. of Vienna,
Vienna, Austria; 3 High Field MR Ctr., Dept. of BioMed. Imaging and
Image-Guided Therapy, Med. Univ. of Vienna, Vienna, Austria; 4 Dept. of
Orthopaedics, Univ. Hosp. Krems, Krems, Austria; 5 Ctr. for Regenerative
Med., Danube Univ. Krems, Krems, Austria; 6 Dept. of Orthopaedics,
Evangelisches Krankenhaus, Vienna, Austria; 7 Inst. for Translational
Med., ETH Zurich, Switzerland,; 8 Novartis Inst.s for BioMed. Res., Early
Dev. Biostatistics, East Hanover, NJ, USA
Purpose: LNA043 is a modiﬁed human angiopoietin-like 3 (ANGPTL3)
protein that induces chondrogenesis and cartilage repair. In a ﬁrst-inhuman trial (FIH), it displayed a favorable safety proﬁle while eliciting a
chondro-anabolic response as supported by the modulation of several
pathways in chondrocytes involved in osteoarthritis (OA) at the RNA
level. The primary objective of this trial (NCT 03334812) was to assess
the efﬁcacy of a single intra-articular (i.a.) injection of LNA043 in the
regeneration of hyaline cartilage tissue at the donor site of patients
undergoing autologous chondrocyte implantation (ACI).
Methods: This was a randomized, placebo-controlled, double-blind,
single dose, proof-of-mechanism study in subjects with cartilage
lesions undergoing ACI. In total, 14 subjects were treated with a single

i.a. injection (9 in LNA043 20 mg and 5 in placebo, 2:1 randomization
ratio) that was administered at the end of the ﬁrst surgical procedure.
The study was designed to assess cartilage regeneration in 1) the artiﬁcially created ACI biopsy donor site in the intercondylar notch with a
full thickness cartilage defect and 2) clinical, natural cartilage lesions
(defect site). Spontaneous repair was minimized by avoiding breaching
the bone lamina while performing the biopsy. Assessments of the
treatment effects were done at Day 3 (baseline), Week 4 (primary
endpoint), Week 12 and Week 28 using 7T magnetic resonance imaging
(MRI) to detect early signs of cartilage matrix production both at the
biopsy (donor) site and the clinical lesion (defect) site, along with histological conﬁrmation at Week 4 (2nd ACI-mandated arthroscopy). The
defect site being treated with ACI was assessed with MRI only at Day 3
and Week 4, prior to the implantation of the ACI graft. Volumes of the
biopsy donor site and the cartilage sub-region containing the main
lesion, as well as their glycosaminoglycan content (GAG), were measured by high-resolution morphological (proton)-MRI and indirectly by
sodium-MRI, respectively. While the volume of the donor site was
measured via manual segmentation of the 3D proton images, the cartilage sub-region volume containing the main lesion, whose shape is by
nature more complex than the surgically created lesion, was measured
via an automated segmentation approach using a 3D-active shape
model. All sodium-MRI measurements were performed using a 15channel sodium-only knee array coil and images with a resolution of
1.5x1.5x3 mm3 were obtained in 25 min of scanning time. For region of
interest (ROI) analyses, sodium concentration maps were rescaled to
the resolution of morphological proton images and overlaid with the
corresponding morphological image. Cartilage sodium concentrations
were calculated by using a calibration curve obtained for each scan from
agarose phantoms having different sodium concentrations. GAG content in the index region was normalized to that of corresponding
healthy regions of the same knee. During the second surgical procedure
on Week 4, a biopsy of the regenerated tissue was taken at the donor
site, and tissue debris from the defect site was collected for histological
and immunohistochemical analysis prior to the ACI graft implantation.
Results: The i.a. injection of LNA043 resulted in a 65±8% reﬁlling (vs
placebo: 38±11%, p¼0.04) of the donor site after 4 weeks in all treated
patients (Fig. 1), and increased to 86±11% at Week 28 (vs placebo:
63±14%, p¼0.12) measured by manual segmentation of morphological
MRIs. In two placebo patients, a partial reﬁlling of the donor site was
seen at Week 4, but it was not maintained at Week 12 and therefore
considered blood contamination, absorbed at Week 12. Similarly, partial
repair of the main cartilage lesion was observed at Week 4, prior to the
ACI graft implantation (change from baseline in the volume of the subregion encompassing the defect - LNA043: þ128±97 mm3 vs placebo:
þ16±30 mm3, p¼0.03). Sodium-MRI conﬁrmed the hyaline-like cartilage nature of the regenerated tissue in the donor site: The sodium
signal in the donor site increased by 26±5%, 16±6% and 38±7% in the
LNA043 group vs. -2±12% (p¼0.12), 13±10% (p¼0.51) and 8±21%
(p¼0.15) in the placebo group at Weeks 4, 12 and 28, respectively
indicating increasing GAG content in the LNA043 group (Fig. 2). Posthoc pooled analysis of the sodium MRI data from both the donor and
defect sites showed a signiﬁcant increase in sodium signal intensity at
Week 4 (p¼0.01). Histological and immunohistochemical assessments
of biopsies taken at the donor site on Week 4 demonstrated features of
hyaline cartilage in the regenerated tissue of LNA043-treated patients,
as suggested by semi-quantitative International Cartilage Regeneration
& Joint Preservation Society (ICRS) II histological scoring, and by collagen type 2 staining. LNA043 was rapidly distributed from the joint to
the systemic circulation and no drug-related adverse events (AEs) or
serious AEs were reported during the course of this study. There were
no detectable binding anti-LNA043 antibodies during the study.
Conclusions: A single i.a. injection of LNA043 at 20 mg promoted
reﬁlling of the biopsy donor site with a full thickness cartilage defect in
patients undergoing an ACI procedure. The newly regenerated cartilage
tissue at the donor site appeared of hyaline-like quality as evidenced
from its enriched content in proteoglycans detected by sodium MRI.
Exploratory assessment of the main natural cartilage lesion, prior to
receiving the ACI graft 4 weeks after the i.a. injection of LNA043, also
showed signs of tissue formation from ﬁlling of the lesion. Finally,
LNA043 displayed a consistent systemic pharmacokinetic proﬁle with
the FIH study, together with a favorable safety proﬁle with no signiﬁcant drug related safety signals and no immunogenicity. Limitations
of this study include ﬁlling of the biopsy donor site with blood after the
ﬁrst surgery in 2 placebo patients. While the ﬁlling resolved by
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absorption of the blood clot at Week 12, the spontaneous repair also
observed in these patients at Week 28 is an intrinsic limitation of this
model, which is sensitive to drug induced changes in repair only at
earlier timepoints. LNA043 is currently being investigated for the
treatment of OA in phase 2 trials.
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PRESENTATION NUMBER: 271
INVESTIGATING
THE
EFFICACY
OF
INTRA-ARTICULAR
CORTICOSTEROID INJECTIONS IN OSTEOARTHRITIS VERSUS
INFLAMMATORY ARTHRITIS: IMPACT ON INFLAMMATORY PAIN
AND SENSITISATION OUTCOME MEASURES
A. Omoruyi 1, A. Harrison 1, S. Koushesh 1, A. Rastogi 2, N. Papadakos 2,
N. Sofat 1. 1 St George's, Univ. of London, London, United Kingdom; 2 St
George's Univ. Hosp. NHS Fndn. Trust, London, United Kingdom
Purpose: Intra-articular corticosteroid injections are widely used in
clinical practice for the treatment of ﬂare-ups in osteoarthritis (OA) and
inﬂammatory arthritis (IA). However, different studies have reported
varying efﬁcacy of intra-articular corticosteroid injections for knee ﬂare
in distinct forms of arthritis. A meta-analysis study by Mikhail et al.
(2020) evaluated the efﬁcacy of intra-articular knee corticosteroid
injections in OA participants. With 8 studies included, Mikhail et al.
concluded there was a reduction on pain severity for up to 3 months
after intervention. In contrast, a 2009 systematic review by Hepper et al.
concluded that intra-articular corticosteroid ‘decreases pain by one
third...but provides that beneﬁt for only 1 week’. Addressing rheumatoid arthritis, a type of IA, there are limited studies directly addressing
the potential beneﬁt of intra-articular corticosteroid injections for pain
management in these patients. However, a 2006 Cochrane review by
Wallen and Gillies investigating the efﬁcacy of intra-articular knee
injections for the management of RA, concluded that intra-articular
injections improved pain and morning stiffness for up to 22 weeks,
compared to 1 week in the placebo group. Furthermore, the impact of
intra-articular corticosteroids on inﬂammatory and pain sensitization
components of pain are not well understood. We hypothesised that
subjects with OA and IA will have different outcomes to corticosteroid
injections for knee ﬂares.
Methods: We recruited subjects presenting to a London Teaching
Hospital for a knee ﬂare with full informed consent (ClinicalTrials.gov
Identiﬁer: NCT03533569). Participants were recruited from
Rheumatology or Orthopaedic services by clinician referral when a
corticosteroid knee injection was clinically indicated as standard of
care. All subjects underwent corticosteroid injection with 40mg
depomedrone and 1-2% lignocaine with full aseptic technique.
Injections were performed by a qualiﬁed clinician in clinic or under
ultrasound guidance. Criteria for entry into the study included a
Visual Analogue Scale (VAS) for pain in the target knee of at least 5/
10, swelling or stiffness, fulﬁlment of ACR criteria for osteoarthritis
(OA) or ACR/EULAR criteria for rheumatoid arthritis (RA), psoriatic
arthritis (PsA), spondyloarthritis (SpA) respectively depending on the
diagnosis. Clinical measures for pain were recorded at baseline before
intra-articular injection and then 3 months after corticosteroid
injection. These included the VAS for pain 0-10, the painDETECT scale
for assessment of pain sensitisation (ranging 0-35) and the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) for
pain, function and stiffness subscales. Graphpad Prism software
Version 8 was used for all statistical analyses. Planned analyses
included initial comparison to detect any signiﬁcant differences
between baseline and 3 months after corticosteroid injection for VAS
pain, painDETECT and WOMAC outcomes (Mann Whitney U test).
Differences between the two groups was assessed by ANOVA. A p
value < 0.05 was considered to be statistically signiﬁcant.
Results: A total of 64 subjects with distinct forms of arthritis were
recruited. Of these, 46 subjects had knee OA and 18 subjects had IA. The
mean age (SD) for the OA group was 62.8 (± 9.9) and for the IA group
was 62.7 (± 14.1). The OA group had a higher mean BMI of 33.2 (± 9.8)
compared with the IA group mean of 29.7 (± 5.5). Pain outcome results
are summarised in Figure 1. Participants with knee OA reported a signiﬁcant improvement in pain measured by VAS 3 months after injection
(p<0.0001) compared with the inﬂammatory arthritis group (p¼0.7).
Measurement of pain sensitisation using the painDETECT questionnaire
suggested sensitisation components in both groups, with mean (95% CI)
reported as 15.4 (13.2 to 17.6) in the OA group versus 14.7 (11.0 to 18.3)
in the inﬂammatory arthritis group. The painDETECT score for sensitisation improved signiﬁcantly in the OA group 3 months after corticosteroid injection (p¼0.002) but not in the inﬂammatory arthritis group
(p¼0.6). For WOMAC outcomes, signiﬁcant improvements in knee pain
were observed 3 months after steroid injection in the OA group
(p¼0.005) and inﬂammatory arthritis group (p¼0.03). For WOMAC
function, a signiﬁcant improvement in outcome was observed in the OA
group (p¼0.003) but not in the inﬂammatory arthritis group (p¼0.23).
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Similarly, for WOMAC stiffness, a signiﬁcant improvement in outcome
was observed in the OA group (p¼0.02) but not in the IA group (0.82)
after corticosteroid injection.
Conclusions: Our data shows a signiﬁcant improvement in knee pain
measured by VAS, WOMAC pain and function in participants treated
with corticosteroid injection for ﬂares of knee OA. Subjects with knee
OA also had pain sensitisation measured by painDETECT that improved
signiﬁcantly after intra-articular corticosteroid injection. In contrast, in
participants with IA, the overall VAS pain or painDETECT score did not
improve signiﬁcantly 3 months after corticosteroid injection, but knee
speciﬁc pain assessed by WOMAC showed an improvement in OA and IA
subjects. Traditionally knee ﬂares are triggered by knee effusion and
synovitis. Our data show that inﬂammatory and sensitisation pain
components in knee OA are improved with intra-articular corticosteroid injection. In contrast, in subjects with IA, pain measures were
not signiﬁcantly improved, suggesting that interventions in systemic
inﬂammatory arthritides require additional treatment to intra-articular
knee injections in order to have an impact on improving outcomes for
disease ﬂares.

that received corticosteroids had signiﬁcantly greater improvement in
overall KOOS score [B: 10.2 (2.7, 17.7) p¼0.007]. This pattern was
observed for all KOOS sub-scales (Figure 2), and was most prominent
between weeks 4 and 10 weeks of follow-up. Three adverse events were
reported during the trial; none were considered related to the intervention. The effect was robust with imputation of missing values in
sensitivity analyses using LOCF [B: 10.2 (2.8, 17.6) p¼0.007].
Conclusions: In this pilot double-blinded randomized trial, there was a
signiﬁcant beneﬁt of corticosteroid injections compared to lidocaine.
The intervention was beneﬁcial in terms of pain, function, and quality of
life and was clinically-important in magnitude. This study suggests that
trials evaluating evaluate beneﬁts of corticosteroid should consider the
importance of short-term beneﬁts.

PRESENTATION NUMBER: 272
A DOUBLE-BLIND RANDOMIZED TRIAL TO EVALUATE THE EFFICACY
OF CORTICOSTEROID INJECTIONS FOR OSTEOARTHRITIS OF THE
KNEE USING MOBILE DEVICES
J.F. Baker 1, M. Patel 1, T. Neogi 2, K. Robinson 1, A. Ogdie 1, C. Scanzello 1.
1
Univ. of Pennsylvania, Philadelphia, PA,USA; 2 Boston Univ., Boston, MA,
USA
Purpose: Recent evidence has called into question the value of corticosteroid injections for osteoarthritis of the knee (KOA). Variability in
clinical trial design has resulted in inconsistent Results from clinical
studies evaluating efﬁcacy of this commonly performed procedure. We
designed a pilot and feasibility double-blind trial to evaluate the beneﬁt
of corticosteroid injections with monitoring of response using mobile
devices at 2-week intervals.
Methods: Participants with KOA, ages 40-80, who were either receiving
or found to be a candidate for a corticosteroid injection by their
physician were eligible for enrollment. Participants received a FitbitTM
activity monitor and were signed up to an online platform (Way To
Health). Participants were randomized after a 2-4 week run-in period to
assess baseline physical activity. Participant could receive 40 mg
methylprednisolone acetate plus 2 mL 1% lidocaine or 2 mL 1% lidocaine
only in each affected knee. Participants were also randomized in a
factorial design to receive social incentives to promote exercise (not
shown here). Participants and study staff were blinded to treatment
allocation and the research pharmacist prepared an opaciﬁed syringe to
the physician at the time of the injection. Text messages were sent at 2week intervals to remind participants to complete patient reported
outcomes (PROs) including the Knee Injury and Osteoarthritis Outcome
Score (KOOS). The primary outcome was the change in total KOOS from
baseline. Linear regression incorporating generalized estimating equations was used to compare the change in KOOS cross treatment groups
incorporating all outcome measures over 12 weeks (2, 4, 6, 8, 10, and 12
weeks). Sensitivity analyses were performed utilizing a last-observation-carried-forward (LOCF) approach.
Results: At the time of this interim analysis, 27 participants (24 male)
were randomized (Figure 1). Baseline characteristics are shown in Table
1. A total of 18 had completed all 12 weeks of follow-up. Participants

PRESENTATION NUMBER: 273
MINDSETS PREDICT PHYSICAL ACTIVITY AND MANAGEMENT
STRATEGIES IN INDIVIDUALS WITH KNEE OSTEOARTHRITIS
M.A. Boswell, J.L. Hicks, K.M. Evans, S.R. Zion, D.Z. Boles, S.L. Delp,
A.J. Crum. Stanford Univ., Stanford, CA, USA
Purpose: Engagement in physical activity can reduce pain, improve
function, and prevent loss of muscle strength in individuals with knee
osteoarthritis (KOA). Despite these beneﬁts, management of KOA with
physical activity is under-utilized, and long-term adherence to physical
activity programs within the KOA population is low. Emerging research
has highlighted the inﬂuence of mindsets about the process of physical
activity on exercise engagement. Mindsets about the process of physical
activity are deﬁned as the extent to which individuals associate the
process of engaging in exercise behaviors with appeal-focused (e.g., fun,
pleasurable, social, and indulgent) versus unappealing-focused qualities (e.g., boring, painful, isolating, and depriving). In individuals
without KOA, mindsets about physical activity can be changed, are
associated with health status, and predict physical activity involvement.
However, the relationship between mindset and physical activity has
not been evaluated in individuals with KOA. Thus, the aim of this study
was to evaluate the mindsets that individuals with KOA hold about
physical activity and their effect on physical activity levels and KOA
management.
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Methods: Participants with (n ¼ 150) and without (n ¼ 152) selfreported, clinically diagnosed KOA completed an online survey at
enrollment (T1). Those with KOA repeated the survey three weeks later
(T2; n ¼ 62). We used the 7-item process mindset inventory to assess
mindsets about the process of engaging in physical activity (e.g., exercising is stressful/relaxing). The scale measured on a 4-point scale, with
higher scores reﬂecting a more appeal-focused mindset about physical
activity. Physical activity levels were assessed with the Physical Activity
Scale for the Elderly (PASE). Individuals’ KOA management strategies
were determined with the open-ended response question, “In your own
words, describe how you manage and/or improve the symptoms of
osteoarthritis.” Other information collected included gender, age, body
mass index (BMI), health via the PROMIS v.1.1 Global Health Short Form,
and knee pain and functioning via the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). To assess internal consistency and test-retest reliability of the process mindset, we calculated
Cronbach’s alpha and the intraclass correlation coefﬁcient (ICC),
respectively, between the mean mindset score at baseline and follow-up.
To test for differences in physical activity level, demographic variables,
and health between those with and without KOA, we calculated the
standardized mean difference (SMD). We used multivariate linear
regression modeling to determine if having KOA (1 indicating KOA) was a
predictor of the process mindset when controlling for gender (1 indicating female), age, BMI, health at T1, and physical activity level at T1. We
used a second multivariate linear regression model to test if the process
mindset at T1 predicted future physical activity (PASE at T2) when
controlling for demographics, health, knee pain and functioning, and
physical activity level at T1. Three researchers reviewed the open-ended
management question responses and determined nine distinct management strategies. Two researchers separately coded all 150 responses
for each strategy. To assess agreement in coding, we computed Cohen’s
kappa for the two most common strategies, pain medication or injections (e.g., cortisone shots) (n ¼ 74) and exercise (n ¼ 41), which was
0.987 (p < 0.001) and 0.931 (p < 0.001), respectively, indicating “almost
perfect” agreement. We used independent t-tests to assess differences in
mindset between those who manage their osteoarthritis (1) with medication or injections but no exercise, (2) with exercise but no medication
or injections, and (3) with both exercise and medication or injections.
The a priori level of signiﬁcance, a, for all statistical tests was 0.05.
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Results: The process mindset inventory demonstrated strong internal
consistency (a ¼ 0.92 at T1 for n ¼ 150 and a ¼ 0.92 at T2 for n ¼ 62) and
test-retest reliability (ICC > 0.841, p < 0.001) within the KOA population.
The group with KOA had an older age (p ¼ 0.006), a higher BMI (p <
0.001), lower global health (p < 0.001), and lower physical activity (p <
0.001) than individuals without KOA. There was no difference in gender
(p ¼ 0.640) between groups. Having KOA was marginally associated
with a less appeal-focused mindset by 0.125-points (p ¼ 0.096) when
controlling for gender, age, BMI, global health, and physical activity
level (Table 1). A lower score corresponds to a mindset that physical
activity is less appeal-focused (e.g., more boring, isolating, and
depriving). Additional factors related to a less appeal-focused process
mindset were gender (being female; p ¼ 0.047), lower global health (p
< 0.001), lower physical activity levels (p < 0.001), and, marginally, a
higher BMI (p ¼ 0.053). Within the KOA group, a more appeal-focused
mindset predicted higher future physical activity (b ¼ 20.68, CI ¼ [1.06,
40.30], p ¼ 0.039) while controlling for demographics, health, knee pain
and functioning, and physical activity level at T1 (Table 2). The process
mindset was the only variable aside from the PASE at T1 predictive of
physical activity level at T2. Individuals that used exercise with or
without pain medication or injections had more appeal-focused process
mindsets than those who used medication or injections without exercise (t ¼ -2.95, p ¼ 0.011, CI ¼ [-1.08, -0.17], mean ¼ (2.02, 2.65) and t ¼
-5.63, p < 0.001, CI ¼ [-0.95, -0.45], mean ¼ (2.02, 2.72), respectively;
Figure 1). Mindsets did not differ between individuals who used
physical activity with medication or injections and those who used
physical activity without medication or injections.
Conclusions: The process mindset inventory for physical activity is a
reliable and relevant measure for the KOA population. Within the KOA
population, mindset about the process of physical activity predicted
future physical activity when controlling for other factors that commonly inﬂuence physical activity. Although a sensitivity analysis
revealed this relationship may only be marginal, this is likely do to a
smaller than sufﬁcient sample to detect a small effect size. Individuals
who chose exercise as a strategy for osteoarthritis management had a
higher appeal-focused mindset about physical activity than those who
chose pain medications or injections without exercise. These ﬁndings
can help guide clinicians’ strategies for increasing physical activity
participation in patients with KOA by improving mindsets about the

Dependent Variable

Independent Variables

b (95% CI)

p

Adj. R2

F

Process Mindset

Gender
Age
BMI
Global-10
PASE
Knee OA (Binary)

-0.137 (-0.271, -0.002)
-0.040 (-0.111, 0.030)
-0.071 (-0.144, 0.001)
0.144 (0.066, 0.222)
0.247 (0.172, 0.321)
-0.125 (-0.273, 0.022)

0.047
0.262
0.053
<0.001
<0.001
0.096

0.303

22.8 (p<0.001)

Abbreviations: Global-10, Global Health Short Form; PASE, Physical Activity Scale for the Elderly.
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Linear regression on the process mindset for participants with and without KOA (n ¼ 302).

Dependent Variable

Independent Variable

b (95% CI)

p

Adj. R2

F

PASE (T2)

Gender
Age
BMI
Global-10 (T1)
WOMAC (T1)
PASE (T1)
Process Mindset (T1)

-3.16 (-21.48,15.15)
-26.21 (-60.55, 8.12)
-6.77 (-24.99, 11.46)
14.03 (-8.62, 36.67)
11.16 (-10.20, 32.52)
47.52 (28.55, 65.95)
20.68 (1.06, 40.30)

0.730
0.132
0.460
0.220
0.300
<0.001
0.039

0.49

9.26 (p<0.001)

Abbreviations: Global-10, Global Health Short Form; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; PASE, Physical Activity Scale for the
Elderly.

Linear regression on physical activity (PASE) at time point 2 (T2) for participants with KOA (n¼62).
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process of physical activity. For example, a clinician might help a patient
with KOA think creatively about different types of physical activity they
may enjoy (e.g., yoga, swimming, gardening, dancing, or walking the
dog), while highlighting how it can also be social (e.g., walking with a
friend, playing with grandchildren, or joining group exercise classes).
Future research should identify effective strategies to deliver mindset
interventions to individuals with KOA and measure if they indeed
change mindsets, physical activity, and health.

Conclusions: Electroacupuncture combined with Kidney Tonic and
Blood Revitalizing Formula has a certain effect on the pain and bone
density of postmenopausal osteoporosis, and can reduce cytokines such
as IL-1, IL-6 and TNF-a, and has a more signiﬁcant effect on the
improvement of IL-6 index than oral Kidney Tonic and Blood Revitalizing Formula alone.

PRESENTATION NUMBER: 274
EFFECTIVENESS OF ELECTROACUPUNCTURE COMBINED WITH
RENAL TONIC AND BLOOD-BOOSTING FORMULA IN THE
TREATMENT OF POSTMENOPAUSAL OSTEOPOROSIS
H. Yin, Sr. 1, B. Dong, Sr. 2, P. Yuan, Sr. 2, J. Yao 3, W. Kang, Sr. 2,
Z. Wang, Sr. 2. 1 Dept. of integrated Chinese and western medicine, Shaanxi
Univ. of Chinese Med., Xian Yang, China; 2 Dept. of orthopedic, Afﬁliated
Hosp. of Shaanxi Univ. of Chinese Med., Xian Yang, China; 3 Dept. of
Nursing, Shaanxi Univ. of Chinese Med., Xian Yang, China
Purpose: To investigate the clinical efﬁcacy of electroacupuncture
combined with kidney tonifying and blood revitalizing formula in the
treatment of postmenopausal osteoporosis.
Methods: 56 postmenopausal patients with osteoporosis were randomly divided into a control group and a treatment group, the control
group was given the formula of tonifying the kidneys and revitalizing
blood orally, 150 ml twice a day, the treatment group in the tonifying
the kidneys and revitalizing blood formula on the basis of oral combined electroacupuncture treatment, acupuncture site selection of Shen
Shu, Da Chang Shu , Guan Yuan Shu , Zu San Li , Wei Zhong and other
acupuncture points, leaving the needle 20 min, 2 days once, each group
of 28 cases, a total of 8 treatments. weeks. Bone density, visual analogue
score (VAS) of pain, and cytokines of interleukin 1 (IL-1), interleukin 6
(IL-6), and tumor necrosis factor-a (TNF-a) were observed and recorded
before treatment, 2 weeks of treatment, 4 weeks of treatment, and 8
weeks of treatment.
Results: On the improvement of VAS score and bone density, the difference between the two groups was statistically signiﬁcant before and
after treatment (P<0.05); the comparison summary of IL-1, IL-6 and
TNF-a showed statistically signiﬁcant differences in the distribution of
bone density between the two groups before and after treatment
(P<0.05), but after 8 weeks of treatment, the electroacupuncture
combined with toniﬁcation of kidney and blood circulation formula
group improved signiﬁcantly compared with the control group
(P<0.05).

PRESENTATION NUMBER: 275
CLINICAL OBSERVATION OF NEEDLE STIMULATION OF PAIN POINTS
COMBINED WITH SODIUM VITREOUS ACID IN THE TREATMENT OF
KNEE OSTEOARTHRITIS
B. Dong, Sr. 1, Y. Zhong, Sr. 2, J. Yao 3, P. Yuan 1, Z. Wang 1, W. Kang 1.
1
Dept. of orthopedic, Afﬁliated Hosp. of Shaanxi Univ. of Chinese Med.,
XianYang, China; 2 Dept. of integrated Chinese and western medicine,
Shaanxi Univ. of Chinese Med., XianYang, China; 3 Dept. of Nursing,
Shaanxi Univ. of Chinese Med., XianYang, China
Purpose: To observe the clinical efﬁcacy of needle stimulation of pain
points in combination with sodium vitreous acid in the treatment of
osteoarthritis of the knee.
Methods: Sixty-eight patients diagnosed with knee osteoarthritis were
selected and randomly divided into a control group and an observation
group, with 34 patients in each group.The control group was given
sodium vitreous acid joint cavity injections, 5 ml each, once a week for 5
weeks.The observation group was treated with combined needle
stimulation of pain points on the basis of sodium vitreous acid joint
injection, leaving the needle in place for 25 min and needle pricking
once every other day for a total of 5 weeks.Visual analogue pain score
(VAS), osteoarthritis index score (WOMAC), Lysholm knee function
score, and levels of inﬂammatory factors interleukin-18 (IL-8) and
tumor necrosis factor-a (TNF-a) were observed before and after treatment in both groups.
Results: The difference in VAS and WOMAC scores between the two
groups before treatment was not statistically signiﬁcant (P>0.05); after
treatment, VAS scores and WOMAC scores were signiﬁcantly reduced
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(P<0.05), and the changes were more pronounced in the observation
group than in the control group after treatment (P<0.05).Before treatment, the difference of Lysholm knee function scores between the two
groups was not statistically signiﬁcant (P>0.05); after treatment, the
Lysholm knee function scores of the two groups were higher than
before treatment, and the observation group was higher than the
control group (P<0.05).(3) Before treatment, the serum expression
levels of inﬂammatory factors were compared between the two groups
(P>0.05), and IL-8 and TNF-a were reduced in both groups after treatment (P<0.05), and the reduction was more pronounced in the observation group than in the control group after treatment (P<0.05).
Conclusions: Needle stimulation of pain points combined with sodium
vitreous acid is effective in reducing pain, improving joint mobility and
improving quality of life in patients with KOA.

PRESENTATION NUMBER: 276
TO INVESTIGATE THE EFFECT OF YOUGUI PILL ON BONE DENSITY
AND THE EXPRESSION LEVELS OF b-CATENIN, DKK-1 AND MMP-9
IN
PATIENTS
WITH
OSTEOPOROTIC
THORACOLUMBAR
COMPRESSION FRACTURE
Y. Zhong, Sr. 1, B. Dong, Sr. 2, P. Yuan, Sr. 2, J. Yao 3, Z. Wang, Sr. 2,
W. Kang, Sr. 2. 1 Dept. of Integrated Chinese and Western Medicine,
Shaanxi Univ. of Chinese Med., Xian Yang, China; 2 Dept. of Orthopedic,
Afﬁliated Hosp. of Shaanxi Univ. of Chinese Med., Xian Yang, China;
3
Dept. of Nursing, Shaanxi Univ. of Chinese Med., Xian Yang, China
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Purpose: To investigate the clinical effect and mechanism of Yougui pill
on osteoporotic thoracolumbar compression fracture.
Methods: Seventy-eight patients with osteoporotic thoracolumbar
compression fractures were selected and randomly divided into a
control group and an observation group, with 39 cases in each group.
Both groups were treated by the same physician with either percutaneous balloon dilatation vertebroplasty (PKP) or percutaneous puncture vertebroplasty (PVP), depending on the fracture. The control group
was given oral alendronate, 10 mg of alendronate at bedtime every
night, once/d.The observation group was orally treated with alendronate sodium combined with Yougui pill, 9 g/time and 3 times/day, and
both groups were treated for 1 month. Changes in the serum expression
levels of b-catenin, DKK-1, and MMP-9 in both groups of patients before
and after treatment and changes in bone density and bone metabolism
markers PINP and MID levels 3 months after surgery were recorded.
Results: The expression of b-catenin DKK-1 and MMP-9 protein in both
groups before treatment (P>0.05); after treatment, the expression of
DKK-1 and MMP-9 protein in both groups decreased compared with
that in the present group (P<0.05), and the decrease was more obvious
in the observation group (P<0.05). before treatment, b-catenin protein
expression in both groups (P>0.05); after treatment, b-catenin protein
expression was signiﬁcantly increased in both groups (P<0.05), and the
increase was more pronounced in the post-treatment observation
group than in the control group (P<0.05). The difference in bone density
between the two groups on the ﬁrst postoperative day was not statistically signiﬁcant (P>0.05); the bone density of the two groups
increased signiﬁcantly 3 months after surgery compared with the ﬁrst
postoperative day (P<0.05), and the observation group was signiﬁcantly
higher than the control group (P<0.05).The difference in serum PINP
and MID levels between the two groups on postoperative day 1 was not
statistically signiﬁcant (P>0.05); the two groups were signiﬁcantly
lower at 3 months postoperatively than on postoperative day 1
(P<0.05), and the observation group was signiﬁcantly lower than the
control group (P<0.05).
Conclusions: Yougui pill combined with alendronate is effective in
menopausal patients with osteoporotic vertebral compression fractures, increasing bone density, improving bone metabolism and promoting fracture healing.The mechanism of action may be related to the
inhibition of DKK-1 and MMP-9 protein expression and activation of bcatenin protein expression.
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willingness to take part in the study. Yet understanding specialtyrelated variability in perceptions of surgical care may warrant further
exploration as it may have implications for broadening training, referrals, and management practices across specialties in an effort to optimize care for patients with OA.

PRESENTATION NUMBER: 277
PHYSICIANS’ PERSPECTIVES ON SURGICAL PROCEDURES RELATED
TO OSTEOARTHRITIS IN THE UNITED STATES
R.L. Robinson 1, A. Abdeen 2, J. Jackson 3, J.C. Cappelleri 4, J. Hall 1,
L. Tive 5, A.G. Bushmakin 5, P. Schepman 5, M. Berry 3. 1 Eli Lilly and
Company, Indianapolis, IN, USA; 2 Beth Israel Deaconess Med. Ctr.,
Boston, MA, USA; 3 Adelphi Real World, Bollington, United Kingdom;
4
Pﬁzer Inc, Groton, CT, USA; 5 Pﬁzer Inc, New York, NY, USA
Purpose: To relieve pain and other disabling symptoms of osteoarthritis
(OA), total joint replacement is an effective approach primarily performed when other treatment options have been exhausted. The
objective of this study was to assess physicians’ perspectives on surgical
treatment for OA within US practice settings.
Methods: Data were collected using the OA Adelphi Disease Speciﬁc
Programme, a cross-sectional survey including 81 (52.9%) primary care
physicians (PCPs), 35 (22.9%) rheumatologists, and 37 (24.2%) orthopedic surgeons, conducted in the US from February to May 2017.
Physician specialties were compared based on practice-level questions
regarding their perspectives on surgery (surgical recommendations,
barriers patients face when considering surgery, perceived surgical
success rates, and reasons for delaying surgery) using chi-square and
analysis of variance tests.
Results: Physicians were predominantly male (72.5%), with private
(84.8%) and ofﬁce/outpatient (87.3%) practices and had been practicing for
15 years (77.8%). More than half (56.8%) of orthopedic surgeons agreed
that the general treatment aim was to delay surgery whereas 30.9% of
PCPs and 25.7% of rheumatologists agreed (p¼0.0224). Post-surgical
treatment regimens by orthopedic surgeons, rheumatologists, and PCPs
included no change from pre-surgery regimen (respectively,
22.5%;33.0%;24.0%), no/delayed chronic OA medication use
(64.6%;47.6%;62.0%), or new/revised regimen (12.9%;19.4%;14.1%). Patient
satisfaction with surgery perceived by physicians varied by specialty with
83.8%, 68.6% and 60.5% of orthopedic surgeons, rheumatologists, and PCPs
respectively agreeing that most patients were very satisﬁed (p<0.001).
Outcomes of surgery perceived by physicians (orthopedic surgeons,
rheumatologists, and PCPs) varied by specialty (all p<0.001) including the
proportion of patients completely pain free after hip surgery (respectively, 86.8%;79.9%;66.6%), and completely pain free after knee surgery
(81.7%;72.3%;67.0%). Yet how physicians rated success with surgery did
not differ by specialty with improved function and pain reduction as the
top two descriptors of success (Figure 1). Overall, the main physicianreported triggers to recommend surgery were ‘lack of mobility’ (68.0%),
‘degree of pain on movement’ (45.8%), and ‘failure to control condition
with drug treatment’ (35.3%). The main barriers to surgery were comorbid
conditions (86.9%) and surgical risk (83.7%) (Figure 2). Orthopedic surgeons rated other barriers lower than PCPs and rheumatologists such as
patient refusal (respectively, 51.4%;71.6%;71.4%), age (43.2%;72.8%;62.9%)
and costs (21.6%;37.0%;34.3%).
Conclusions: Delaying surgery was a key goal for more orthopedic
surgeons than PCPs and rheumatologists when treating patients with
OA. Orthopedic surgeons perceived that more patients were satisﬁed
and completely pain free after surgery than those of PCPs and rheumatologists. Compared with orthopedic surgeons, PCPs rated patient
refusal, age and cost as greater barriers to surgical procedures. Data are
limited in that not all specialties that treat patients with OA were
included and further physician inclusion could be inﬂuenced by

Disclosures: The study was conducted by Adelphi Real World and
sponsored by Pﬁzer and Eli Lilly and Company. Medical writing support
was provided by Kim Russell of Engage Scientiﬁc Solutions and funded
by Pﬁzer and Eli Lilly and Company.
PRESENTATION NUMBER: 278
DIGICOD, A LARGE HOSPITAL-BASED OBSERVATIONAL PROSPECTIVE
COHORT OF PATIENTS WITH HAND OSTEOARTHRITIS e BASELINE
CHARACTERISTICS DESCRIPTION
J. Sellam 1, E. Maheu 1, M.D. Crema 2, A. Touati 1, A. Courties 1, S. Tuffet 1,
A. Rousseau 1, X. Chevalier 3, B. Combe 4, M. Dougados 5, B. Fautrel 6,
M. Kloppenburg 7, J.-D. Laredo 8, D. Loeuille 9, A. Miquel 1, F. Rannou 5,
P. Richette 8, T. Simon 1, F. Berenbaum 1. 1 Sorbonne Univ., AP-HP, SaintAntoine Hosp., Paris, France; 2 INSEP and Saint-Antoine Hosp., Paris,
France; 3 UPEC, AP-HP, Henri Mondor Hosp., Cr
eteil, France; 4 CHU de
Montpellier, Montpellier, France; 5 Univ. de Paris, AP-HP, Cochin Hosp.,
Paris, France; 6 Sorbonne Univ., AP-HP, Piti
e Salp^
etri
ere Hosp., Paris,
France; 7 Leiden Univ. Med. Ctr., Leiden, Netherlands; 8 Univ. de Paris,
AP-HP, Lariboisi
ere Hosp., Paris, France; 9 CHU de Nancy, Nancy, France
Purpose: Hand osteoarthritis (HOA) is one of the most frequent OA
locations. However, there are very few worldwide prospective HOA
cohorts. The main objective of DIGICOD cohort is to investigate prognostic clinical, biological, genetic and imaging factors of clinical worsening after 6 years follow-up.
Methods: DIGICOD (DIGItal COhort Design) study (NCT01831570) is a
hospital-based prospective cohort including patients >35 years-old
with symptomatic HOA according to one these deﬁnitions: i) ACR criteria for HOA with 2 joints symptomatic joints among proximal/distal
interphalangeal joints or 1st interphalangeal joint at Kellgren-Lawrence
(KL) 2; ii) symptomatic thumb base OA at KL2. Exclusion criteria
were inﬂammatory destructive arthritis, crystal arthropathies, HOA
secondary due infection or acute trauma or rare genetic OA. Annual
clinical evaluation is scheduled with, every 3 years, imaging (X-rays of
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the hands and of other OA symptomatic joints) and biological sampling
(serum and whole blood DNA). Ancillary ultrasound and MRI examinations are performed at baseline in a sample of patients. Hand radiographs are scored by a trained musculoskeletal radiologist using KL and
anatomical Verbruggen-Veys scores. Follow-up visits are ongoing.
Baseline characteristics are presented here.
Results: 426 HOA patients were included between April 2013 and June
2017. At inclusion, mean age ± standard deviation is 66.7 ±7.3 years, 357
(84%) are women. Mean disease duration is 12.6 ±9.6 years. Mean body
mass index is 25.1 ±4.3 and 12% are obese. Cardiovascular diseases,
hypertension, dyslipidemia, diabetes mellitus, metabolic syndrome
affect 242 (56.8%), 238 (55.9%), 149 (35%), 33 (7.7%) and 156 (36.5%)
patients, respectively. Visual analog scale (VAS) hand pain (0-100 mm)
is 21.5 ±21.8 at rest and 44.4 ±26.7 at activity. Doyle index is 8.2 ± 8.
AUSCAN subscores (0-100) are 25.7 ±24.4, 32.6 ±28.1, 36.4 ±24.9 for
pain, stiffness and function, respectively. Mean FIHOA (0-100) is 19.9
±18.6. Elevated serum CRP level (5 mg/L) is found in 10% patients.
Mean KL score (0-128) is 46.7 ±18 and the mean number of joint with
KL 2 is 15.1 ±6.3. If deﬁned as 1 erosive joint (E or R phase of Verbruggen-Veys score), erosive HOA involves 195/426 (45.8%) patients of
whom 145 (74%) had  2 erosive joints.
Conclusions: DIGICOD is a unique prospective HOA cohort with a
standardized assessment. It is noteworthy that DIGICOD includes severe
radiologically HOA patients with a high prevalence of erosive disease
(45.8%), although moderately symptomatic. DIGICOD cohort will allow
to address novel research questions and to validate ﬁndings from other
cohorts to improve knowledge about the natural course of HOA.
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analysis (p0.20). Odds ratios and their 95% conﬁdence intervals were
reported.
Results: 425 patients were included of whom 45.6% had erosive HOA.
Radiographic MCP OA was present in 138 patients (32.5%), and 139
(32.8%) patients had at least one painful MCP on pressure. Only two
patients (0.5%) had an erosive MCP joint. MCP OA patients had a
mean±SD age of 69.2±6.9 years-old, a BMI of 25±4.2kg/m2, 119 patients
(86.2%) were women and 89 (66.9%) had a family history of HOA. MCP
OA was more frequent at the dominant hand (40.6% vs 34.7%, p¼0.01)
and predominated at the 1st and 2nd MCP joints.In multivariate analysis, radiographic MCP OA was associated with older age (OR 1.05;
CI95% [1.01-1.10] for each year), manual occupations vs intellectual
professions (OR 3.74, CI95% [1.21-11.54]), the presence of scapho-trapezial OA (OR 2.18, CI95% [1.27-3.72]) and with a higher number of
radiographic PIP OA joints (OR 14.29, CI 95% [6.46-31.64] for 9-10 PIP
impaired vs 0 to 4) (Table). No association with obesity or metabolic
syndrome (ATPIII criteria), HOA symptoms (pain, stiffness, or function),
hyperferritinemia or elevated transferrin saturation coefﬁcient was
found.
Conclusions: In this hospital-based HOA cohort, radiographic
MCP OA was frequent (32.5%) and associated with structure
rather than symptom severity. Then, the presence of MCP OA
without PIP OA involvement should make us reconsider the
diagnosis of primary HOA, which is consistent with literature
data. Our Results strongly suggest that the involvement of MCP
joints in HOA is predominantly related to mechanical rather than
systemic factors.

PRESENTATION NUMBER: 279
METACARPOPHALANGEAL IMPAIRMENT IN HAND OSTEOARTHRITIS
IS NOT RARE AND IS ASSOCIATED WITH MECHANICAL RATHER
THAN SYSTEMIC FACTORS
I. Kouki 1, S. Tuffet 2, M.D. Crema 3, A. Rousseau 2, P. Richette 4,
M. Dougados 5, F. Berenbaum 1, J. Sellam 1, A. Courties 1. 1 AP-HP,
^pital Saint Antoine, Paris, France; 2 AP-HP,
Sorbonne Universit
e, Ho
^pital Saint Antoine, Paris, France; 3 Inst.
Sorbonne Universit
e, URCEST, Ho
d’Imagerie du Sport, Inst. Natl. du Sport, de l’Expertise et de la
^pital
Performance (INSEP), Paris, France; 4 AP-HP, Universit
e de Paris, Ho
^pital Cochin,
Lariboisi
ere, Paris, France; 5 AP-HP, Universit
e de Paris, Ho
Paris, France
Purpose: Proximal and distal inter-phalangeal (PIP, DIP) and thumb
base joints are the most common sites affected in hand osteoarthritis (HOA), while involvement of metacarpo-phalangeal (MCP)
joints is considered as uncommon and rather related to chondrocalcinosis, haemochromatosis or chronic inﬂammatory arthritis
(i.e, rheumatoid arthritis or psoriatic arthritis). The aim of this study
was to assess the prevalence of radiographic MCP OA in a large
cohort of HOA patients and to determine the factors associated with
radiographic MCP OA.
Methods: Using the data from DIGital Cohort Osteoarthritis Design
(NCT01831570), a French hospital-based observational cohort including patients of >35 years-old with symptomatic inter-phalangeal or
base thumb OA, we evaluated the prevalence and the factors associated
with radiographic MCP OA deﬁned by at least two MCP joints with a
Kellgren Lawrence (KL) score  2. This cohort includes patients who
have symptomatic HOA according to one of the following deﬁnitions: i)
symptomatic HOA on at least 2 joints among proximal or distal interphalangeal (PIP/DIP) joints or ﬁrst IP joint with KL  2, or ii) symptomatic thumb base OA with KL  2. Patients with polyarticular chondrocalcinosis or other inﬂammatory rheumatic diseases (such as
psoriatic arthritis or rheumatoid arthritis) were not included. We
compared the prevalence of MCP OA between dominant and nondominant hands (McNemar test) and assessed the distribution of MCP
OA. We evaluated the associations between radiographic MCP OA and
patients’ general characteristics using logistic regression. General
characteristics studied were demographic (age, sex, socio-professional
category), clinical (body mass index, familial history, time course of OA,
alcohol consumption or smoking, cardiovascular diseases, metabolic
syndrome, use of analgesics) and biological (LDL-cholesterol, ferritinemia, transferrin coefﬁcient saturation, C-reactive protein and calcemia). As well, association between radiographic MCP OA and
radiographic and clinical severity of HOA were assessed using logistic
regression. Adjustment was made on age, gender, body mass index
(BMI) and family history of OA and factors selected in unadjusted

PRESENTATION NUMBER: 280
IDENTIFYING CONCERNS OF YOUNG ADULTS WITH OSTEOARTHRITIS
ON REDDIT
A.J. Song, M.A. Boswell, J.L. Hicks, S.L. Delp. Stanford Univ., Stanford, CA,
USA
Purpose: Osteoarthritis (OA) is a leading cause of disability that affects
over 20 million people in the United States alone. While a diagnosis of OA
is typically associated with older populations, over half of people with OA
are under the age of 65. Despite this statistic, there are few studies that
seek to better understand the experiences of young people with OA. Selfmanagement of OA with strategies such as exercise and weight management is under-utilized, whereas the use of pain medications and
limiting activity is more common. Considering the negative effects of
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long-term physical inactivity on one’s future health and well-being, it
may be particularly important to investigate how young people with OA
manage the disease. Many young people with chronic conditions use
online communities to ask questions and give advice. Information shared
on these sites can give insights into the experiences of young people with
OA. Thus, the aim of this study was to analyze posts about OA on Reddit, a
popular platform for creating online communities, to better understand
the concerns and shared advice of young people with OA.
Methods: Data was collected from Reddit, an online public forum
popular among younger populations where users can post threads
anonymously in topic-speciﬁc communities called subreddits. In subreddits, each conversation, or “thread”, is started by a user making an
original “post”, to which users may then respond to as a “comment.”
The posts can also be “upvoted” or “downvoted” by users, depending on
if the users liked or disliked the content of the post, respectively. We
acquired posts containing the keyword “osteoarthritis” from 21 different subreddits related to osteoarthritis or physical activity. The subreddits had a combined total of 62 million subscribers (not accounting
for overlap across subreddits). We collected a total of 875 posts and
7057 corresponding comments on these posts from 1158 distinct users.
Of the 330 users who indicated their age in their post, the average age of
the users was 32±11.8 years old, and of the 141 users who indicated
their gender, 66% were female (n¼93), while the remaining 34% were
male (n¼48). To assess the concerns of young people with OA, we
analyzed the original posts. To assess the shared advice within the
community, we analyzed the comments on the posts. We used Python
software for data processing and the Gensim Python package for data
analysis. We pre-processed the post and comment texts by removing
punctuation and commonly-used words, such as “the” and “a,” and
keeping only words that were classiﬁed as nouns, adjectives, verbs, and
adverbs. After pre-processing, we clustered the posts into topics using
topic modeling (in particular, we used LDA Mallet), a natural language
processing technique that clusters passages of text automatically based
on the similarity of the words in the passages. To quantitatively determine the optimal number of topics with which to categorize the posts,
we calculated the coherence score for topic numbers ranging from 2-19.
The coherence score assesses the degree of semantic similarity between
the words in each topic, measured from 0-1 where a larger score reﬂects
larger consistency. We qualitatively conﬁrmed this score by evaluating
keywords for the topics associated with the highest coherence score

Topic

N

Symptom
Clariﬁcation

153 Pain, joint, hip, back,
hurt

Keywords

Effects on Daily
Living

148 Knee, run, walk,
experience,
replacement
142 Therapy, treatment,
reduce, inﬂammation,
relief

compared to a change in topic number one higher and one lower. We
used the same topic modeling procedures for the comments.
Results: For the posts, seven topics led to the highest coherence score
(0.43). The topic with the largest number of posts was about symptom
clariﬁcation (n¼153; Table 1), where users commonly described
symptoms and asked if they were indicative of osteoarthritis. Other
popular topics included posting to gain a better understanding of the
effects of osteoarthritis on daily living (n¼148) and asking for advice
about symptom relief (n¼142). In a fourth topic, individuals discussed
their experiences with physician appointments (n¼130). Users also
asked for emotional support (n¼123), sought advice about their physical well-being (n¼102), and shared research ﬁndings (n¼77). For the
comments, seven topics led to the highest coherence score (0.50). The
four most common topics were advice about physical well-being
(n¼1,333), symptom clariﬁcation (n¼1,060), pain relief (n¼1,041), and
general management (n¼989). Users also commented with sentiments
of sympathy and empathy (n¼958) and gratitude and encouragement
(n¼812). There were also comments including nutritional advice
(n¼864). Additionally, we found that 41% (n¼355) of the posts included
the words “advice” or “help”, 12% (n¼104) included “depression” or
“anxiety”, and 62% (n¼542) included “pain”. The topics with the highest
and lowest average post scores (upvotes minus downvotes) were
Physical Well-being (average post score ¼ 120±620) and Symptom
Clariﬁcation (average post score ¼7±13), respectively (Figure 1). Sharing Lifestyle Research had the greatest average number of comments
per post (average post score ¼ 29±125), while Symptom Clarity had the
lowest (average post score ¼ 7±7).
Conclusions: We collected posts and comments about OA from Reddit
and used topic modeling to cluster these posts into related themes.
Using a social media platform to collect freely available data allowed us
to analyze concerns and shared advice of young people with OA, a
population not well-studied in current literature. Individuals most
commonly posted about the diagnosis of OA, management of symptoms, and lifestyle and exercise with OA. These ﬁndings demonstrate
an opportunity for clinicians to provide more information about OA
and on management strategies to help younger adults diagnosed with
OA maintain an active life and participate in health-supporting
behaviors. Individuals most commonly commented on posts to provide
information and advice and express feelings of sympathy and
encouragement. These ﬁndings illuminate the type of language that

Example #1

Example #2

Why am I experiencing this pain in my hip?

Does this sound like osteoarthritis? I’m a 22 year old
male and I’ve had chronic back/hip pain (pain is right
below waist and above buttock) for like the last 5 or 6
years.
What problems has OA caused in your day to day life? I''m pretty young (29) so It looks like this is something
I''m going to have to live with for a while.

I''m in my 20s with post traumatic OA of my knee. It is Remedy for Osteoarthritis? My dad had chronic pain
ﬂared up right now and so exhausting. What pain relief from osteoarthritis for a year in his wrist and knee in
which prescribed medication from his doctor didn''t
options have worked well for you?
help.
Physician/Doctors
130 Pain, doctor, chronic,
Is it normal for my doctor to be trying different drugs on Finally saw a pain specialist yesterday, after 17 years of
Appointments
appointment, result
me?
living with it. I had no clue there *was* such a thing until
ﬁve years ago.
I feel like I''m losing my battle with chronic pain and I''m
Emotional Support 123 Feel, day, work, life,
I really want to try to have a positive outlook, but its
issue
really, really hard and doesn’t come naturally to me (I’ve terriﬁed of the next step
always been a bit depressed and cynical). Any ideas on
how to stay positive?
Physical Well-being 102 Exercise, weight,
Weightlifting - How much is too much? I have
Anyone Lift Weights? I have arthritis in my knee. I''ve
physical, activity, squat osteoarthritis in my knees, hip and neck.
heard about the beneﬁts of lifting weights to decrease
pain, but everytime I try to train legs my pain increases.
How do you go about training legs with arthritis?
The Effect of Low-Carbohydrate and Low-Fat Diets on Study: Popular pain reliever does not work for
77 Exercise, health,
Sharing Lifestyle
Pain in Individuals with Knee Osteoarthritis
osteoarthritis
Research
research, diet,
supplement
Symptom Relief

Table 1

The seven identiﬁed topics of users’ posts, along with the number of posts in each topic (N), the 5 most-used
keywords within the topic, and two quoted examples of each topic.
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Topic

N

Keywords

Example #1

Example #2

Physical Well-being 1333 Exercise, work, weight, The good news is that ﬁbro pain responds to exercise. It
squat, body
takes weeks or months before you start to feel better.
You must start with just a little bit of exercise and
increase gradually.
Your knee pain could be coming from whatever is
Symptom
1060 Doctor, symptom,
wrong with your back and hips. I''ve seen many people
Clariﬁcation
treatment, diagnosis,
post here about that same thing.
test
Pain Relief

General
Management

Sympathy and
Empathy
Encouragement
and Gratitude
Nutrition

Table 2
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You just get in the pool and walk. Hold your arms out in
the water as resistance and twist side to side as you
walk. Lift and move your legs.

You''re right, you do have to be your own advocate
when it comes to doctors. I''m already looking at getting
yet another opinion from another doctor instead of
settling for this latest doctor who basically gave up.
1041 Pain, life, relief, hope,
If you don’t think you’re getting enough help from your I was told I was depressed and that''s why I’m in pain
chronic
doctors please ask for a referral to pain management. started taking their depression Meds
They can help you ﬁgure out how to manage the pain
and greatly improve your quality of life.
989 Knee, joint, run, hip,
Oh yes forward bends help me a lot. No I haven''t! I’ll I do slow stretches instead, and repeat. It takes a
minimum of 30 seconds to do a deep stretch and relax. I
back
look into it, thank you! No, it feels good when I lay
repeat 2-3 times until I feel the tension release. My
down. Pulling my knees into my chest is good too. I
mean, on the worst pain days everything hurts always. I stretch is a back stretch (I call it my cruciﬁxion stretch):
Back straight on bed, arms outstretched, knees bent,
wish I could offer some insight.
slowly stretch by leaning knees from one side to the
other, head facing in opposite direction. Then, one leg
straighter, one knee bent, repeat with a longer stretch. I
hold it until I feel where the tension is, then try to
release it. Repeat.
958 Day, feel, work, back,
Sorry about that. It really sucks. I''m going to read some Sorry man, back problems are horrible and I hear you on
bad
more and edit this post with all the suggestions I can that pain. Hang in there.
ﬁnd.
812 Good, feel, luck, pretty, You’re so young, man. You still can heal and have a good Hey thank you for so thoughtfully responding. It is
ﬁnd
life. Wish you all the best from my heart. :)
much to look into!
864 Eat, research, protein, Eat fewer calories than your body consumes on a day to Weight loss is currently recommended to relieve pain. It
diet, food
day basis.
is about dietary interventions, not about isocaloric
comparison of high fat versus low fat.

The seven identiﬁed topics of users’ comments to the posts, along with the number of comments in each topic (N),
the 5 most used keywords, and two quoted examples of each topic.
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people in the community use to support each other, which can be
incorporated into clinical settings to help patients feel more supported.
For example, one user commented “You still can heal and have a good
life.” While simple, these sentiments may have a large positive impact
on the willingness of young people to continue to engage in life after a
diagnosis of OA. Not surprisingly, a majority of users mentioned “pain”
in their posts, indicating that pain is a major concern, and many of the
users appeared to be looking for help or advice about pain. In addition,
a large portion of users mentioned “depression” or “anxiety” in their
posts, highlighting a need to support the emotional well-being of
young people diagnosed with OA. In one example, a user posted,
“Diagnosed at 27. Is my life done?” Many users expressed similar
concerns that they believed their lives would be challenged and negatively impacted by osteoarthritis for the remainder of their lives. Posts
where users shared research sparked the most engagement and posts
about physical well-being had the most upvotes. This indicates that
young people with OA are interested in new research and ﬁnd information or questions about physical well-being to be highly relevant
and helpful. Overall, the ﬁndings of this study support the need for
more focused treatments and interventions for younger populations
with OA. This study also highlights the value of observing online
communities such as Reddit to better understand the experiences of
younger people with OA. Future research should seek to address these
gaps in knowledge and support, which affect both the physical and
mental health of newly diagnosed young adults with OA.
Figure 1 Average number of comments per post and average score per

post for each topic (upvotes minus downvotes).
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PRESENTATION NUMBER: 281
IS KNEE BUCKLING, KNEE INJURY, SQUATTING AND KNEELING
ASSOCIATED WITH PAIN FLARES IN KNEE OSTEOARTHRITIS?

squatting and knee osteoarthritis pain ﬂares. It is possible that the small
numbers of persons squatting and kneeling or reporting injuries contributed to this lack of effect.

I. Atukorala 1, A. Pathmeswaran 2, Y. Chaturanga 1, T. Chang 1, Y. Zhang 3,
D.J. Hunter 4, 5. 1 Univ. of Colombo, Colombo 8, Sri Lanka; 2 Univ. of
Kelaniya, Ragama, Sri Lanka; 3 Div. of Rheumatology, Allergy, and
Immunology, Dept. of Med., Massachusetts Gen. Hosp., Boston, MA, USA;
4
Inst. of Bone and Joint Res., Kolling Inst., Univ. of Sydney, Sydney,
Australia; 5 Rheumatology Dept., Royal North Shore Hosp., Sydney,
Australia
Purpose: Knee osteoarthritis pain episodes (ﬂares) (KOAF) are disabling
and negatively impact quality of life. It is postulated that knee injuries/
insults predispose to KOAF. This study was carried out to identify
whether the following knee related insults; knee buckling, knee injury,
kneeling, squatting are associated with KOAF in a Sri Lankan cohort.
Methods: Participants were recruited from the rheumatology clinics at
National Hospital Sri Lanka. A cohort of participants aged > 45 years
who fulﬁlled the ACR criteria for KOA, who gave a previous history of
KOA pain ﬂuctuations, were followed up in a telephone-based case
cross over study developed to identify risk factors for KOAF. Participants
were assessed every 10 days (control points) and at time points
whenever they experienced knee pain ﬂare (case points) during the 90
day follow-up period. A KOAF was deﬁned as current pain with a greater
than 2-point increase (on a 0-10-point numeric rating scale) from the
background KOA pain intensity reported at day 0, provided the ﬂare
settled within 2 control periods. The risk factors for ﬂare which were
assessed at case and control points were: any injury to index knee
within the 7 days (Yes/No), any buckling of the index knee within
previous 2 days (Yes/No) and any squatting (Yes/No) or kneeling (Yes/
No) 1 day, 2 days and 3-7 days before the assessment point. The association of KOAF with risk factors of interest was assessed by conditional
logistic regression. Patients with only case or only control period
observations were omitted from the analysis. Data were analysed using
STATA version 15.
Results: 260 persons were recruited of whom 77 were lost to follow up.
Of the persons remaining in the study, 62 persons had only control
periods and 1 person had only case periods and were therefore precluded from the case crossover design. 120 persons had both case and
control periods and were eligible for the study design. Participants were
predominantly female (90%) with mean age and body mass index of
59.9 (Standard Deviation (SD) 7) years and 28.0 (SD 5.0) kg/m2. At day 0
the participants rated (on a 0-10 numeric rating scale) their usual level
of background pain experienced as 4.0 (SD 1.5), with their worst level of
pain being 7.6 (SD 1.6). They had an average of 2.0 (SD 0.1) ﬂares per
person being documented in the 3 month period. 79 (64.2%) and 11
(8.9%) of participants complained of buckling and injuries to the index
knee respectively during follow up. Squatting and kneeling was
reported by 35 (28.4%) and 20 (16.2%).Knee buckling 2 days prior was
signiﬁcantly associated with increased risk of KOA pain ﬂares (OR- 7.3
95% Conﬁdence Interval (95%CI) 4.0-13.4). Kneeling and squatting, 1
day, 2 days and 3-7 days prior to KOAF and injury to index knee 7 days
prior were not associated with increased multivariate odds of KOAF
(Table).
Conclusions: Knee buckling (2 days before ﬂare) was signiﬁcantly
associated with knee osteoarthritis pain ﬂares. However, this study did
not demonstrate an association between knee injury, kneeling or

PRESENTATION NUMBER: 282
NOCTURNAL PAIN AND FATIGUE IN MIDDLE-AGED PERSONS WITH
HIP COMPLAINTS SUSPECTED FOR OSTEOARTHRITIS e 10-YEAR
FOLLOW-UP (CHECK-STUDY)
A.C. Berkel van, D. Schiphof, J.H. Waarsing, J. Runhaar, J.M. van Ochten,
P.J. Bindels, S.M. Bierma-Zeinstra. Erasmus Med. Ctr., Rotterdam,
Netherlands
Purpose: The prevalence and incidence of hip osteoarthritis (OA) will
increase the coming decades; the lifetime risk for symptomatic hip OA
already is 25%. Many patients with OA experience elevated levels of
fatigue. Yet, little is known about what affects fatigue in persons with
early signs of hip OA. A possible mechanism for fatigue could be
nocturnal pain. Nocturnal pain is difﬁcult to treat conservatively and
was highlighted as a key concern by patients of focus groups. Nocturnal (knee) pain was earlier shown to be related to sleep problems,
and poor sleep was signiﬁcantly linked to fatigue among people with
hip and knee OA. The aim of the present study is to explore the
prevalence of nocturnal pain and fatigue in participants with hip
complaints suspected of OA and to test the mediating effect of nocturnal pain in the association between severity of hip osteoarthritis
(OA) pain and fatigue.
Methods: Data were obtained from the Cohort Hip and Cohort Knee
(CHECK) study, a nationwide prospective ten-year follow-up cohort.
Participants, aged 45-65, with hip and/or knee complaints (assumed
early symptomatic OA of the hip and/or knee; never, or less than six

Model

Standardized regression
weight for a

Standardized regression
weight for b

Standardized regression
weight for c

c 2/df

RMSEA

CFI

Hoelter 0.05
index

Baseline
T2
T5
T8
T10
T10

-0.17
-0.24
-0.22
-0.24
-0.21
-0.21

0.35
0.39
0.49
0.36
0.42
0.42

-0.04 (p¼0.60)
0.03 (p¼0.76)
-0.16 (p¼0.08)
-0.07 (p¼0.42)
-0.10 (p¼0.25)
-0.10 (p¼0.25)

1.99/3
3.21/3
3.28/3
2.93/3
4.53/3
4.53/3

<0.01
0.02
0.02
<0.01
0.05
0.05

1.00
1.00
1.00
1.00
1.00
1.00

665
411
403
452
292
292

Table 1

(p¼0.03)
(p<0.01)
(p¼0.02)
(p¼0.01)
(p¼0.02)
(p¼0.02)

(p<0.01)
(p<0.01)
(p<0.01)
(p<0.01)
(p<0.01)
(p<0.01)

Results for testing mediating effect of nocturnal pain on NRS pain and fatigue.
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months prior to entry of the study consulted a physician for the ﬁrst
time for those symptoms) were recruited by general practitioners or
via advertisements in the lay press. All participants (n¼1002) completed questionnaires and had standardized hip radiographs at baseline and after 2, 5, 8 and 10-year follow-up. Severity of pain was
determined using the Numeric Rating Scale (NRS) pain score last week
(0-10), with a higher score indicating more pain. The presence of
nocturnal pain was indicated in the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) subscale pain score by the
question “at night while in bed, what amount of pain have you
experienced last week?” (possible responses: none, mild, moderate,
severe, and extreme). Participants were classiﬁed as having nocturnal
pain if they answered moderate, severe or extreme pain and were
classiﬁed as not having nocturnal pain if they answered none or mild
pain. Fatigue was determined using the SF-36 Vitality subscale (0-100),
with a higher score indicating less fatigue. Participants were classiﬁed
as fatigued if their Vitality subscale score was less than or equal to 45.
Structural equation models (SEM) were used to cross-sectionally
determine the direct association between pain and fatigue and the
mediating effect of nocturnal pain (Figure 1). For the present study we
selected all participants who at baseline only reported hip pain and no
knee pain.
Results: 170 participants (mean age at baseline 55.7 year (±5.6); 76%
female; mean body mass index at baseline 25.5 (±3.5)) were included.
The prevalence of nocturnal pain ranged between 22-35% during the 10
year follow-up. The prevalence of fatigue ranged between 14-18% during 10 year follow-up. The direct effect of pain severity on fatigue
(continuous variable) was statistically signiﬁcant (cross-sectional) at all
time-points during 10-year follow-up. Pain severity showed signiﬁcant
positive associations with nocturnal pain (cross sectional for all time
points) (Table 1). There was no statistically signiﬁcant indirect effect of
NRS pain on fatigue (continuous) through nocturnal pain. The effect of
NRS pain on nocturnal pain was statistically signiﬁcant (for baseline
standardized b¼ 0.35, p¼<0.01); however, the effect of nocturnal pain
on fatigue was not statistically signiﬁcant (standardized b¼ 1.46
p¼0.60) (Table 1). Similar associations were found at T2, T5, T8 and T10
(Table 1).
Conclusions: Based on the Results of this study, 22-35% of participants
with hip complaints suspected of OA, reported nocturnal pain and 1418% were classiﬁed as fatigued, during 10 year follow-up. Severity of hip
OA pain was associated with both nocturnal pain and fatigue, but
nocturnal pain did not act as an mediator on the pathway between
severity of hip OA pain and fatigue.

PRESENTATION NUMBER: 283
THE ROLE OF INFLAMMATORY BIOMARKERS AS MEDIATORS IN THE
ASSOCIATION BETWEEN BODY MASS INDEX AND PAIN IN PERSONS
WITH HAND OSTEOARTHRITIS: RESULTS FROM THE NOR-HAND
STUDY
M. Gløersen 1, 2, P. Steen Pettersen 1, 2, T. Neogi 3, S.R. Jafarzadeh 3,
M. Vistnes 4, 5, C.S. Thudium 6, A.-C. Bay-Jensen 6, J. Sexton 1,
T.K. Kvien 1, 2, K. Magnusson 7, 8, H.B. Hammer 1, 2, I.K. Haugen 1. 1 Div. of
Rheumatology and Res., Diakonhjemmet Hosp., Oslo, Norway; 2 Univ. of
Oslo, Faculty of Med., Oslo, Norway; 3 Section of Rheumatology, Boston
Univ. Sch. of Med., Boston, MA, USA; 4 Div. of Med., Diakonhjemmet
Hosp., Oslo, Norway; 5 Inst. for Experimental Med. Res., Oslo Univ. Hosp.
and Univ. of Oslo, Oslo, Norway; 6 Nordic BioSci. A/S, Herlev, Denmark;
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Faculty of Med., Dept.of Clinical Sci. Lund, Orthopaedics, Clinical
Epidemiology Unit, Lund Univ., Lund, Sweden; 8 Norwegian Inst. of Publ.
Health., Cluster for Health.Services Res., Oslo, Norway

Purpose: The association between body mass index (BMI) and hand
osteoarthritis (OA) is debated. We hypothesized that higher BMI is
associated with a higher joint pain intensity in persons with hand OA.
Since overweight/obesity is associated with a low-grade inﬂammatory
state, we further hypothesized that inﬂammation may mediate the
relation between BMI and joint pain. The aim of this study was to assess
whether BMI is associated with joint pain intensity and central pain
sensitization in persons with hand OA, and whether these potential
associations might be mediated by inﬂammatory biomarkers using a
causal mediation analysis.
Methods: We included 281 participants with hand OA from the NorHand study. The study exposure was BMI (kg/m2), which was calculated from measured height and weight. Several outcomes were considered that included self-reported hand pain assessment by the
Australian/Canadian OA Hand Index (AUSCAN, range 0-20) and
Numeric Rating Scales (NRS, range 0-10). Foot pain was assessed by
NRS (range 0-10) and knee/hip pain was assessed by the Western
Ontario and McMaster Universities OA Index (WOMAC, range 0-20). A
painful total body joint count during the prior 6 weeks (range 0-18)
was used as an estimate of widespread pain. Central pain sensitization
was measured by pressure pain thresholds (PPT) at the tibialis anterior
muscle and temporal summation (TS) at the left distal radioulnar joint.
Measurements of IL-1b, IL-1Ra, IL-4, IL-6, IL-10, IL-12, IL-17, IL-18, IL-21,
IFN-g, TNF-a, VEGF, GM-CSF, CCL2, CCL3, CCL4, CXCL10, leptin and
resistin were taken from EDTA plasma and high-sensitivity C-reactive
protein (hs-CRP) and CRPM were measured in serum. Associations
between BMI and inﬂammatory markers were assessed using linear
regression analyses. We performed a causal mediation analysis by
ﬁtting natural-effects models to estimate total, natural direct (i.e.,
unmediated) and natural indirect (i.e., mediated) effects of BMI on pain
outcomes through inﬂammatory biomarkers. Biomarker measurements were log-transformed. Due to cross-sectional data, our analyses
were based on the assumption that the exposure preceded the considered mediators, and similarly the mediators preceded the outcome.
All analyses were adjusted for age, sex and educational level, and were
repeated with additional adjustment for physical exercise, sleep disturbances, Hospital Anxiety and Depression Scale and Pain Catastrophizing Scale.
Results: The majority of study participants (93%) fulﬁlled the American
College of Rheumatology (ACR) criteria for hand OA. In total, 68% and
46% of participants had pain on most days the previous month in knees
and hips, respectively. Mean (SD) BMI was 26.5 (5.0) kg/m2. We found
an association between higher BMI and higher levels of six inﬂammatory biomarkers (IL-1Ra, IL-6, TNF-a, leptin, resistin and hs-CRP, all logtransformed) (data not shown). Estimates of the total effect suggested
that BMI was associated with higher hand, foot and knee/hip pain
intensity, as well as more widespread pain and pain sensitization
(Table). Estimates of natural indirect effects suggested that the effect of
BMI on hand pain and widespread pain were mediated by leptin and hsCRP, respectively, while estimates of natural indirect effects for the
other inﬂammatory biomarkers did not reach statistical signiﬁcance.
Mediated effects by leptin were stronger in the hands than in the feet
and knees/hips in both models, but were statistically signiﬁcant in the
hands only (Table). In addition, mediated effect by hs-CRP on the effect
of BMI on widespread pain was observed in the large model (estimated
natural indirect effect¼0.22, 95% CI 0.02, 0.40).
Conclusions: Higher BMI was associated with more severe pain
intensity, not only in weight-bearing joints, but also in hands in participants with hand OA. Despite modest effect sizes and cross-sectional
data, these Results suggest that weight loss may be a prevention or
treatment strategy for hand joint pain. Larger mediated effect by leptin
on BMI effect on hand pain, compared to pain in the lower extremities,
may suggest that systemic effects of obesity inﬂuence hand pain to a
greater extent than pain in the lower extremities, where the mechanical
effects of obesity may be more prominent. However, most of the
plasma/serum inﬂammatory biomarkers we assessed did not mediate
the association between BMI and pain, suggesting that broad systemic
inﬂammation might mediate this association to a lesser degree than
hypothesized.

S232

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

AUSCAN hand
pain (0-20)

NRS hand pain
(0-10)

NRS feet pain
(0-10)

WOMAC knee/hip
pain (0-20)

Small model: adjusted for age, sex and educational level
Total effect
0.64 (0.23, 1.08)
0.46 (0.20, 0.72)
0.65 (0.36, 0.92)
1.31 (0.87, 1.73)
Direct effect
0.26 (-0.34, 0.85) 0.24 (-0.09, 0.56) 0.57 (0.13, 0.96)
1.13 (0.52, 1.75)
Indirect effect 0.39 (0.02, 0.78)
0.22 (-0.00, 0.44) 0.09 (-0.14, 0.34) 0.18 (-0.23, 0.56)
Large model: adjusted for age, sex, educational level, physical exercise, sleep disturbances, HADS
Total effect
0.48 (0.09, 0.89)
0.38 (0.12, 0.63)
0.58 (0.32, 0.83)
1.11 (0.69, 1.51)
Direct effect
0.08 (-0.47, 0.64) 0.17 (-0.16, 0.49) 0.49 (0.12, 0.87)
0.96 (0.40, 1.50)
Indirect effect 0.41 (0.04, 0.77)
0.21 (-0.00, 0.42) 0.08 (-0.15, 0.31) 0.14 (-0.21, 0.51)

Painful total body joint
count (0-18)

PPT tibialis anterior

Temporal
summation

1.15 (0.68, 1.60)
0.87 (0.25, 1.47)
0.28 (-0.11, 0.66)
and PCS
0.97 (0.50, 1.42)
0.74 (0.11, 1.31)
0.23 (-0.10, 0.60)

-0.37 (-0.63, -0.10)
-0.34 (-0.68, 0.02)
-0.03 (-0.29, 0.23)

0.27 (0.09, 0.45)
0.23 (0.02, 0.45)
0.04 (-0.10, 0.18)

-0.33 (-0.61, -0.05)
-0.32 (-0.71, 0.06)
-0.01 (-0.28, 0.27)

0.25 (0.06, 0.43)
0.21 (-0.01, 0.43)
0.04 (-0.10, 0.18)

Conﬁdence intervals that do not include a null value are shown in bold letters. AUSCAN, Australian/Canadian Osteoarthritis Hand Index; NRS, Numeric Rating Scale;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; PPT, pressure pain threshold; HADS, Hospital Anxiety and Depression Scale; PCS, Pain Catastrophizing Scale

Total effect of BMI (per SD¼5 kg/m2 increase) on pain, natural direct and indirect effects by leptin

PRESENTATION NUMBER: 284
CLINICAL OBSERVATION ON TREATING KNEE OSTEOARTHRITIS
OFWIND-COLD-DAMPNESS TYPE WITH DUHUOJISHENG DECOCTION
X. Huang, J. Yao, Y. Cai, F. Liu, X. Li. Shaanxi Univ. of TCM, Xianyang, China
Purpose: Through clinical observation to study the clinical efﬁcacy of
Duhuojisheng Decoction and glucosamine sulfate in the treatment of
wind-cold-dampness knee nosteoarthritis, in order to improve the
better treatment of wind-cold-dampness arthralgia knee osteoarthritis;
it provides a reliable theoretical basis for the clinical application of
Duhuojisheng Decoction.
Methods: All the cases included in this study were 60 patients with
wind-cold-dampness arthralgia knee osteoarthritis who met the criteria and received complete follow-up in our hospital from February
2019 to February 2020. Among them, there were 28 males and 32
females, ranging in age from 45 to 75 years old. Using SPSS19.0 statistical software, 60 patients with knee osteoarthritis were randomly
divided into treatment group (n ¼ 30) and control group (n ¼ 30). The
treatment group was treated with Duhuojisheng Decoction combined
with functional exercise,one day a dose of water decoction, sooner or
later. A course of treatment for two weeks, treatment of two courses.
The control group was treated with oral glucosamine sulfate combined
with functional exercise, 2 times a day, three times a day. A course of
treatment for two weeks, treatment of two courses.The knee joint
scores of the two groups were observed and recorded in detail in the
ﬁrst and second course of treatment: VAS score, Lysholm score and
WOMAC osteoarthritis index score. The statistical software SPSS19.0
was used to deal with and analyze the data of 60 subjects in clinical
experiments. The changes of various observation indexes of the two
groups before and after treatment were compared, and the clinical
efﬁcacy of the two groups was evaluated.
Results: 1.Before and after treatment VAS score(Table 1): two groups
before treatment VAS score were statistically analyzed, P > 0.05, the
difference was not statistically signiﬁcant; the treatment of the ﬁrst
course, second courses of treatment group and control group group VAS
score and VAS score before and after treatment by statistical analysis (t
test) were statistically signiﬁcant (P < 0.05) that, two groups of drugs on
the therapeutic effect of KOA were, but efﬁcacy was signiﬁcantly better
than the control group in the treatment group.2. The two groups before
and after treatment of knee joint Lysholm score(Table 2): before
treatment, the Lysholm scores of the two groups were statistically
analyzed, P >0.05, the difference was not statistically signiﬁcant; the
treatment of the ﬁrst course, second courses of treatment group and
control group before and after each treatment score and scores were
compared by statistical analysis (t test) were statistically signiﬁcant (P <
0.05), two groups of drugs on the treatment effect of KOA were but the
efﬁcacy of the treatment group was signiﬁcantly better than the control
group.3. The two groups before and after treatment WOMAC Osteoarthritis Index score (Table 3): two groups before treatment Osteoarthritis Index scores were statistically analyzed,P > 0.05, the difference
was not statistically signiﬁcant; the ﬁrst course, second courses of
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treatment group and control group Osteoarthritis Index scores before
and after each treatment of osteoarthritis index score comparison
treatment the statistical analysis (t test) were statistically signiﬁcant (P
< 0.05), indicating that the two groups of drugs on treatment effect
were KOA, but the efﬁcacy of the treatment group was signiﬁcantly
better than the control group.
Conclusions: Modiﬁed Duhuojisheng Decoction and glucosamine have
good clinical effects in treating symptoms and restoring joint function
in patients with wind-cold-dampness type KOA. However, the clinical
effect of the former is more signiﬁcant, which can signiﬁcantly improve
the quality of life, reduce the pain and improve the knee joint function
of patients. Therefore, this prescription is an effective prescription for
clinical treatment of wind-cold-dampness type KOA, this prescription is
economical and practical, safe and effective, has a good clinical application value, and is worthy of clinical application.

PRESENTATION NUMBER: 285
PROGNOSTIC FACTORS OF HIP REPLACEMENT DURING A 2-YEAR
PERIOD IN PATIENTS UNDERGOING SUPERVISED EDUCATION AND
EXERCISE THERAPY. A PROGNOSTIC MODEL STUDY OF 3,657
PATIENTS WITH HIP OSTEOARTHRITIS
S.H. Clausen 1, J. Hartvigsen 1, 2, E. Boyle 1, E. Roos 1, D. Grønne 1,
M. Ernst 3, B. Arnbak 1, S. Skou 1, 4. 1 Ctr. for Muscle and Joint Hlth., Dept. of
Sports Sci. and Clinical Biomechanics, Univ. of Southern Denmark, Odense,
Denmark; 2 Nordic Inst. of Chiropractic and Clinical Biomechanics, Odense,
Denmark; 3 Clinical Pharmacology, Pharmacy and Environmental Med.,
Dept. of Publ. Hlth., Univ. of Southern Denmark, Odense, Denmark;
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Dept. of Physiotherapy and Occupational Therapy, Næstved-SlagelseRingsted Hospitals, Denmark

Purpose: The objectives were to: 1) describe the rate of total hip
replacement (THR) and 2) identify prognostic factors for receiving THR
within two years in patients with hip osteoarthritis (OA) participating in
a supervised patient education and exercise therapy program.
Methods: Patients aged 45 or older with hip OA enrolled in Good Life
with osteoArthritis in Denmark (GLA:D®) from July 1st, 2014 to March
1st, 2017 were included in the study (n¼3,965). GLA:D® is an 8-week
supervised education and exercise therapy program provided to people
with symptoms associated with knee or hip OA. Information on THR
was collected via surgical codes from The Danish National Patient
Registry. Questionnaires were ﬁlled in by clinicians and patients and
potential prognostic factors included demographic and disease-speciﬁc
baseline characteristics as well as measures of baseline physical function, physical activity and quality of life (QoL). The proportion of
patients receiving THR during the 2-year period was evaluated using a
Kaplan-Meier plot. A multivariable Cox proportional hazards model was
developed using backward stepwise elimination and age as the time
scale. The ﬁnal model’s beta estimates were bootstrapped to check the
internal validity of the model. Lastly, we calculated Harrell’s c-index to
evaluate the discriminative ability of the model.
Results: Three hundred and eight patients were excluded due to THR in
the index hip at baseline or incomplete data for the predictor variables
and we therefore included 3,657 patients. The mean age was 66.5 years
(SD 8.6), and 2,687 (73%) were women. During the study period 1,114
patients (30%) received a THR. One hundred patients reported being
waitlisted for THR at baseline, and of these 60 received a THR. Fig. 1
illustrates the rate of THR within the study period.

Baseline patient characteristic (candidate
prognostic factor)

Hazard Ratio (95% CI)

Male (vs. female)
BMI, kg/m2
Smoking (vs. no smoking)
At labor marked (vs. retired)
Use of pain medication the last 3 months (vs. no
pain medication)
Self-reported radiologic OA (vs. no known
radiologic OA)
Two or more comorbidities (vs. none)
Waitlisted for surgery (vs. not waitlisted)
Joint replacement in other hip or knees (vs. no
previous THR/TKR)
Bilateral hip symptoms (vs. unilateral symptoms)
Widespread pain (numeric: 0-56 possible pain
areas)
Hip pain (VAS 0-10, converted from a 0-100 scale)
HOOS* QoL score (0-100)
ASES**(10-100)
40 meters walk test (second)

1.36
0.99
0.74
1.23
1.31

(1.19-1.55)
(0.97-1.0)
(0.59-0.92)
(1.01-1.51)
(1.12-1.54)

2.34 (1.89-2.91)
0.79 (0.67-0.93)
2.19 (1.68-2.85)
1.46 (1.22-1.75)
0.77 (0.66-0.89)
0.94 (0.92-0.95)
1.07
0.98
1.00
1.01

(1.04-1.11)
(0.97-0.98)
(0.99-1.00)
(1.00-1.01)

*Quality of life subscale score from the Hip disability and osteoarthritis Outcome score**ASES: Arthritis Self-Efﬁcacy Scale. Higher scores indicate higher
self-efﬁcacy

Table 1

Multivariable Cox regression
analysis on the relationship
between baseline variables and
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Conclusions: In patients with hip OA participating in supervised education
and exercise therapy, 30% had a THR within two years. Of those waitlisted
for THR at baseline, only 60% underwent surgery. A range of modiﬁable and
non-modiﬁable prognostic factors for 2-year THR were identiﬁed.
PRESENTATION NUMBER: 286
CENTRAL SENSITIZATION DO NOT PLAY A ROLE IN TOTAL KNEE
REPLACEMENT DECISION IN OSTEOARTHRITIC PATIENTS
L. Tío 1, F. Castro-Dominguez 1, 2, L. Polino 1, 2, F. Ojeda 1, 2, S. Tassani 3,
lez-Ballester 3, 5,
R. Torres-Claramunt 1, 4, S. Martínez-Díaz 1, 4, M. Gonza
J. Noailly 3, J. Monllau 1, 4, J. Monfort 1, 2. 1 FIMIM, Barcelona, Spain;
2
Rheumatology Dept., Hosp. del Mar, Barcelona, Spain; 3 BCN MedTech,
DTIC, Univ.t Pompeu Fabra, Barcelona, Spain; 4 Orthopedic Surgery and
Traumatology Dept., Hosp. del Mar, Barcelona, Spain; 5 ICREA, Barcelona,
Spain
Fig. 1 Kaplan-Meier plot illustrating the proportion of hips not

requiring THR within the study period.
Results of the multivariable Cox regression model is presented in table
1. Self-reported radiologic hip OA compared to no known radiologic hip
OA predicted THR within the two years follow-up with a HR of 2.34 (95%
CI 1.88-2.91) and being waitlisted for surgery predicted THR with a HR
of 2.19 (95% CI 1.68-2.85). Use of pain medication, joint replacement in
the other hip or in the knees, and lower hip-related QoL evaluated using
the quality-of-life subscale score from Hip Disability and Osteoarthritis
Outcome Score (HOOS QoL) were also prognostic factors. Variables
reﬂecting poor health status e.g. comorbidities and smoking, which has
previously demonstrated to be associated with an increased risk of
complications during surgery, were associated with a lower hazard ratio
for THR. The internal validation revealed low bias, and the discriminative ability of the model was acceptable (Harrell’s c-index¼0.7).

Purpose: Osteoarthritis (OA) patient’s classiﬁcation is of paramount
importance to deﬁne effective treatment approach. Phenotype deﬁnition should include the presence of already known risk factors on OA
onset and progression, such as sex, age and BMI. Nowadays only
symptomatology treatment is available and when it fails, the therapeutic alternative is to undergo total knee replacement (TKR). Pain
sensitization prevalence have been described to be higher in knee OA
patients than in control population. Furthermore, it has been suggested
that it may be associated with knee OA symptom severity If so, pain
sensitization would help to perform a better deﬁnition of knee OA
patient’s phenotype, improving their classiﬁcation. On the other hand,
pain sensitization could be behind the lack of efﬁcacy of TKR surgery, in
terms of pain and function, in some patients. The purpose of this work is
to explore if patients suffering from central sensitization present a
higher risk to undergo TKR than not sensitized ones.
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and 8 were not counted, as they are considered an osteoarthritis sign
rather than a central sensitization one. Data was analyzed based on four
dichotomous variables: sex (male/female), age (low: 60-67/high: 68-75),
body mass index (BMI) (not obese: <30/obese: >30) and treatment (CNV/
TKR). Multivariate analysis of variance was performed for the four factors.
To evaluate the associations between central sensitization and the risk to
undergo a TKR; logistic regression was performed to estimate Odds Ratio
(OR) and 95% conﬁdence intervals (95%CI). Models were adjusted by sex,
age and BMI. Statistical analyses were performed using SPSS v. 12.0. and R
(R Foundation for Statistical Computing, Vienna, Austria) version 3.5.2.
The research ethics review committee of Parc de Salut Mar approved the
protocol, and all participants signed informed consent.
Results: Clinical history revision allowed to recruit a total of 90 patients,
although 3 of them were later excluded due to previous meniscectomy
reported by the patient. Therefore, only 87 patients were included in
the study, 51 women (25 in the CNV group and 26 in the TKR group) and
37 men (23 in the CNV group and 13 in the TKR group). Some of the
patients present OA in both knees, and in these cases both joints were
evaluated. Table 1 summarizes the results considering each of the 4
factors studied: treatment, sex, age and BMI. Mean age (SD) was 67.71
(4.87) and 67.69 (3.95) in the CNV and TKR group respectively, and
mean BMI (SD) was 30.45 (4.43) and 31.93 (6.18), showing no signiﬁcant
differences between them (Table 1). The evaluation of the KOA degree
by K&L scale did not shown signiﬁcant results between groups. For the
multivariant analysis, the temporal summation presents no homogeneity of variance, so it was not included in the analysis. The other two
variables fulﬁl all the assumptions required to perform a MANOVA
analysis. Sex and Age show signiﬁcant differences in the multivariant
analysis (0,000 and 0,012, respectively, Table 2). Women show signiﬁcant higher values at both variables studied: Knee tender points
(men: 2,18, CI95% 0,94-3,43 vs women: 6,84, CI95% 5,99-7,69; p-value:
0.000) and anterior tibial surface reported pain (men: 3,08, CI95% 1,664,50 vs women: 6,77, CI95% 5,80-7,74; p-value: 0.011). However, no

Methods: This is a case control study were patients diagnosed of primary
knee OA (graded as 2-3 by Kellgren & Lawrence scale) following a conservative treatment (CNV) or undergoing TKR were recruited. The two
groups were matched by age, sex and BMI. The variables collected in a
clinical visit, previous to the surgery in the TKR group, were pain
threshold (following the Arent-Nielsen extended peripatellar map, Figure 1), tibia anterior surface pain and pain temporal summation. These
measures were performed with an algometer. Central sensitization was
considered if patients presented spread tenderness in more than 1 [JM1]
[LTB2] site of the extended peripatellar map. Notice that pain at points 3, 7

N (patients) Age

Treatment CNV
TKR
Sex
Men
Women
Age
60-67
68-75
BMI
<30
>30

Table 1

48
39
36
51
40
47
41
46

67,71
67,69
68,56
67,10
63,53
71,26
67,73
67,67

BMI

(4,87)
(3,95)
(4,31)
(4,50)
(2,22)
(2,21)
(4,55)
(4,42)

30,45
31,93
31,13
31,10
31,35
30,92
26,95
34,83

(4,43)
(6,18)
(5,72)
(5,04)
(6,07)
(4,61)
(2,43)
(4,31)

N
N (joints)
(joints)
2

3

59
39
40
58
47
51
47
51

46
32
34
44
36
42
36
42

13 (22,0%)
7 (17,9%)
6 (15,0%)
14 (24,1%)
11 (23,4%)
9 (17,6%)
11 (23,4%)
9 (17,6%)

Knee tender Tibial reported Temporal
Central Sensitization
points
pain
summation
No
Yes
(78,0%)
(82,1%)
(85,0%)
(75,9%)
(76,6%)
(82,4%)
(76,6%)
(82,4%)

4,7
5,4
2,4
6,8
5,8
4,3
4,7
5,3

(3,5)
(4,0)
(2,7)
(3,3)
(3,9)
(3,4)
(4,0)
(3,5)

5,0
6,2
3,8
6,7
5,0
5,9
5,0
5,9

(4,1)
(3,5)
(3,5)
(3,7)
(4,1)
(3,7)
(3,9)
(3,8)

1,8
1,9
1,4
2,2
1,8
1,8
1,8
1,8

(2,4)
(2,1)
(1,9)
(2,5)
(2,3)
(2,2)
(2,0)
(2,5)

22 (37,3%)
14 (37,8%)
27 (67,5%)
9 (16,1%)
14 (31,1%)
22 (43,1%)
19 (41,3%)
17 (34,0%)

37
23
13
47
31
29
27
33

(62,7%)
(62,2%)
(32,5%)
(83,9%)
(68,9%)
(56,9%)
(58,7%)
(66,0%)

Osteoarthritis
andCartilage

Patients and joints characteristics according to the factor studied (Mean (SD). , N(%))

Variables

Estimated marginal means (95%CI)

F

Sig.

Treatment

CNV

TKR

79,00

0,9984

Knee tender points
Tibial reported pain
Sex
Knee tender points
Tibial reported pain
Age
Knee tender points
Tibial reported pain
BMI
Knee tender points
Tibial reported pain

4,51 (3,70-5,33)
4,90 (3,97-5,84)
Men
2,18 (0,94-3,43)
3,08 (1,66-4,50)
60-67
5,00 (3,80-6,21)
4,16 (2,79-5,53)
<30
4,24 (3,21-5,27)
4,59 (3,42-5,76)

4,51 (3,24-5,77)
4,94 (3,50-6,39)
Women
6,84 (5,99-7,69)
6,77 (5,80-7,74)
68-75
4,02 (3,11-4,93)
5,69 (4,66-6,72)
>30
4,78 (3,68-5,89)
5,25 (4,00-6,51)

0,000
0,002
79,00
37,893
18,296
79,00
1,683
3,151
79,00
0,512
0,587

0,994
0,964
1,1891*10-7
0,000
0,000
0,0117
0,198
0,080
0,6973
0,476
0,446

Table 2

Results of multivariant and univariant analysis of variables at the joint level.

Osteoarthritis
andCartilage
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Treatment
Sex
Age
BMI

Table 3

O.R. (95% CI)

p-value

0.69 (0.24- 1.98)
12.11 (4.32- 33.95)
0.72 (0.26- 1.97)
1.88 (0.69- 5.17)

0,494
2,09*10-6
0,525
0,219

Central sensitization Odds
Ratio (OR) with 95% Conﬁdence Interval (95%CI) of
accord

Osteoarthritis
andCartilage

signiﬁcant differences between ages were detected at the univariate
analysis, so the observed signiﬁcant effect is due to a synergic effect of
both variables (Table 2). No signiﬁcant interactions between the factors
studied were observed. The results of the logistic regression analysis
performed showed that women have a signiﬁcant higher risk to present
central sensitization than men (OD 12,11 (95% CI 4,32-33,95) pvalue:2,09*106), but no differences were observed between CNV and
TKR group (OR TKR 0,69 (95% CI 0,24-1,98)) (Table 3)
Conclusions: OA patients that have decided to undergo a TKR surgery
do not present higher number of tender sites at the peripatellar map,
nor higher pain at the anterior tibial surface. Furthermore, they haven’t
got a higher risk to suffer pain sensitization than patients that manage
their pathology following a CNV treatment. Therefore, we could not
identify pain sensitization as a variable that plays a role in TKR decision.
On the other side, TKR groups have been described to present higher
values in WOMAC and Pain catastrophizing scales. Our Results could not
relate these increases to the presence of pain sensitization. Finally,
women present signiﬁcant higher values in all the three variables, in
agreement with previous work reporting higher central sensitization
prevalence in women. This could be related also with the higher
prevalence of clinical OA in women.
PRESENTATION NUMBER: 287
PAIN OUTCOMES FOLLOWING TOTAL KNEE REPLACEMENT
S.L. Manske, A. Khaira, S. Epp, S. Leech, G. Schneider, J. Werle, R. Ng,
A.D. Harris. Univ. of Calgary, Calgary, AB, Canada
Purpose: Total knee arthroplasty (TKA) is the ﬁnal treatment option for
end-stage knee osteoarthritis. While it is expected to resolve pain, 1540% of patients have persistent pain 6 months after surgery that is not
otherwise explained (e.g., infection, joint loosening). While the majority
of patients undergo only one knee replacement, a substantial fraction of
patients has both knees replaced, and these are typically staged (performed sequentially). The implications of having two TKAs in terms of
pain outcomes, and whether there is a proportion of patients who do
not achieve pain resolution after two TKAs is unclear. This populationbased study examined pain outcomes for total knee arthroplasty. Using
clinically collected demographic and outcome data, this analysis
examines pain outcomes comparing unilateral and bilateral (sequential) TKA.
Methods: We retrospectively reviewed the data collected by the Alberta
Bone and Joint Health Institute for all total knee replacements conducted in the province of Alberta (population 4.4 million) from 2013 to
2020. Acquired data includes demographics (age, sex), baseline
comorbidities (e.g., vascular disease, diabetes, etc), knee function and
pain (the Western Ontario and McMaster Universities Arthritis Index,
WOMAC, transformed score where 100 indicates no problems and 0
indicates most extreme disability) and quality of life (EQ-5D-5L, a scale
that runs from an overall score of -0.148 for the worst health state to an
overall score of 0.949 for the best health state). WOMAC and EQ-5D
questionnaires were acquired prior to surgery and at 3- and 12-months
post-surgery. To be included in this analysis, patients needed to be
undergoing primary TKA for knee osteoarthritis and complete both
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questionnaires at all three time-points; patients undergoing TKA for
rheumatoid arthritis, trauma, or revisions were excluded. For the purposes of this abstract, analyses were performed on the WOMAC pain
subdomain. Minimal clinical important difference was deﬁned as a 17point improvement on the WOMAC pain scale based on recommendations by Escobar et al., 2007. Data were analyzed in RStudio (v
1.1.463), running R (v4.0.2) and Results are reported as mean (SD),
unless otherwise indicated. Unpaired t-tests were used to examine
group differences in pain levels. Change in pain levels were calculated as
the absolute change in WOMAC pain, and tested using paired t-tests.
Signiﬁcance was deﬁned as p < 0.05.
Results: In Alberta between 2013 and 2020, 40,194 knees in 32,534
patients underwent elective, primary, TKA. After removing TKAs in
patients younger than 30 years of age or with rheumatoid arthritis,
27,155 patients underwent 32,037 TKAs (i.e., 4,882 patients had both
knees replaced). 2571 WOMAC and EQ-5D questionnaires were completed at all three measurement times associated with these TKAs and
were included in the remainder of the analyses. Overall, patients had a
mean age of 66.5 (SD 8.6) years of age; 61% of the sample was female. Of
the 2571 patients included, 167 patients had both knees replaced during
the assessment period. The median time to second TKA was 1 year (IQR 0
to 1), which allows for a 3-month post-surgical assessment after the ﬁrst
TKA in these patients (POST-BI1). Overall, pre-surgical WOMAC pain was
45.3 (SD 19.1), and EQ-5D was 0.53 (SD 0.22). Pre-surgical pain levels, EQ5D, age and sex distributions were not signiﬁcantly different between
the unilateral and the bilateral TKA patients (Figure 1). As expected, presurgical pain was worse prior to the ﬁrst TKA (45.8 SD 21.4) than prior to
the second TKA (60.6 SD 23.0), p < 0.001. Patient pain levels improved
following unilateral TKA by a mean of 31.5 (SD 22.9) points and 34.9
points (SD 23.6, p < 0.001, Figure 2) at 3- and 12-months respectively.
Pain levels showed a similar improvement at 3 months following the ﬁrst
of bilateral TKA with a mean 35.6 (SD 23.3) change in pain scores (p <
0.001) and did not differ between unilateral and bilateral patients. After
the second knee of the bilateral TKA, pain levels showed a signiﬁcantly
smaller improvement compared to the improvement seen after the ﬁrst
TKA (25.6 points, SD 25.5, p < 0.001). The overall improvement in pain
after both surgeries at 12-months post second TKA was 41 points (SD
25.0). Overall, 74% and 77% of unilateral TKA patients reached MCID after
3-months and 12-months respectively. This was similar to the 73% of
bilateral patients who reached MCID after 3-months after the ﬁrst TKA,
while 83.8% reach the MCID after two TKAs at 12-months.Results for
quality of life scores were similar. Quality of life scores improved following unilateral TKA by 0.28 (SD 0.24, p < 0.001). After the ﬁrst bilateral
TKA, quality of life also signiﬁcantly improved with a 0.32 (SD 0.23, p <
0.001) change in EQ-5D scores. These changes were similar for unilateral
and the ﬁrst bilateral TKA. After the second bilateral TKA, there was a
signiﬁcantly smaller improvement (0.19, SD 0.22, p < 0.001) compared to
the ﬁrst TKA, and an overall improvement of 0.34 (SD 0.24).
Conclusions: Our ﬁndings demonstrate that patients undergoing bilateral TKA have signiﬁcantly greater improvements in knee pain and
quality of life than patients undergoing unilateral TKA. Interestingly
patients who have both knees replaced have similar baseline pain levels
compared to patients who only undergo a single knee replacement.
While there may be a substantial fraction of patients who chose not to
have a second TKA, this result suggests that pain due to OA in both knees
is not linearly additive to pain in a single knee. Our ﬁnding of smaller
improvements in pain and quality of life after the second TKA is consistent with previous reports of staged bilateral TKAs. This ﬁnding may
be explained in part by TKA being performed on the most painful knee
ﬁrst. In contrast to previous ﬁndings, a similar proportion of bilateral
patients achieved the MCID after the ﬁrst TKR as unilateral patients, and
pre-surgical characteristics were highly similar between these groups,
suggesting that a successful ﬁrst TKR did not determine who underwent
a second TKR in this population where wait times for a ﬁrst TKR are
typically much longer than for a second TKR. There is no consensus
deﬁnition for important change in pain following TKA and the minimal
clinical important difference may differ between bilateral than unilateral
TKAs. Nonetheless, 16% of patients do not achieve the minimal clinical
important difference (17 points on the WOMAC scale) 12 months after
the second TKA. Future directions will determine whether the similar
factors predict achievement of MCID after unilateral and bilateral TKAs.
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PRESENTATION NUMBER: 288
SINGLE INTRA-ARTICULAR INJECTION OF A NOVEL STABILIZED
CROSS-LINKED HYALURONATE IN THE TREATMENT OF KNEE
OSTEOARTHRITIS: COMPARED WITH A UNITED STATES-APPROVED
SIMILAR
P.-Y. Ko 1, 2, C.-Y. Li 3, C.-L. Li 4,1, L.-C. Kuo 5, W.-R. Su 1, 6, I.-M. Jou 7, 8,
P.-T. Wu 1, 6. 1 Dept. of Orthopedics, Natl. Cheng Kung Univ. Hosp., Collage
of Med., Natl. Cheng Kung Univ., Tainan, Taiwan; 2 Dept. of BioMed.
Engineering, Natl. Cheng Kung Univ., Tainan, Taiwan; 3 Dept. of Publ.
Hlth., Collage of Med., Natl. Cheng Kung Univ., Tainan, Taiwan; 4 Dept. of
Orthopedics, Tainan Hosp., Ministry of Hlth.and Welfare, Tainan, Taiwan;
5
Dept. of Occupational Therapy, Coll. of Med., Natl. Cheng Kung Univ.,
Tainan, Taiwan; 6 Dept. of Orthopedics, Collage of Med., Natl. Cheng
Kung Univ., Tainan, Taiwan; 7 Dept. of Orthopedics, E-Da Hosp.,
Kaohsiung, Taiwan; 8 GEG Orthopedic Clinic, Tainan, Taiwan
Purpose: Nowadays, intra-articular hyaluronate (IAHA) injection is one
of the common treatments to improve the symptoms of knee osteoarthritis (OA). A recent meta-analysis showed that the most effective
and safe HA products were those that derive HA from biological fermentation and have a molecular weight S3000kDa. Through crosslinked technique, the molecular weight of HA can be ampliﬁed to near
inﬁnity, and the time HA remains in the knee also can be prolonged,
potentially increasing the efﬁcacy and duration of the treatment effects
and providing a single-injection choice. However, due to different
technology, patients may beneﬁt differently from these products.
Therefore, we performed a randomized, controlled, double-blind trial to
compare the efﬁcacy and safety of two 1,4-Butanediol diglycidyl ether
(BDDE)-crosslinked single-injection IAHA, Cross-linked Hyaluronic Acid
Platform hyaluronan (CHAP-HA), which is produced through novel
cross-linking technology-CHAP, and US FDA-approved Non-animal
Stabilized Derived HA (NASHA).
Methods: One hundred and forty-two patients with knee OA (KellgrenLawrence grade II or III) were randomized to receive a single intraarticular injection of 3-mL CHAP-HA or NASHA (N¼71, each group). The
primary outcome was the change in visual analog scale (VAS) pain (0100mm) from the baseline (BL) to 6 months post-injection. Secondary
outcomes included the VAS at other visits, Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), patient satisfaction score (0-100), and safety assessments throughout the study.
The differences in various outcomes were tested using ANCOVA.
Results: Nineteen patients withdrew from this study (6 from CHAP-HA
group and 13 from NASHA group). VAS pain and WOMAC scores for
CHAP-HA and NASHA groups demonstrated signiﬁcant improvement
from Baseline to 6 months (P < 0.001). VAS pain for CHAP-HA and
NASHA groups maintained a 71.5% and 60.0% improvement respectively
at month 6 when compared with Baseline. CHAP-HA shown the statistical superiority to NASHA at the primary outcome measure (P ¼
0.001; CHAP-HA: 63.3 ± 12.18 at Baseline to 18.06 ± 9.55 at month 6;
NASHA: 60.83 ± 13.85 at Baseline to 24.37 ± 14.01 at month 6), and both
VAS pain at month 1 and 3, and WOMAC at month 1, 3, and 6 (P ¼ 0.01
to <0.001). WOMAC pain sub-score between groups was statistically in
favor of CHAP-HA at 6 months (P<0.001). The patient satisfaction score
in both groups ranged between 65.9 to 92.3 throughout the study, and
statistically favored the CHAP-HA group (P<0.001) at all follow-up
visits. A total of 23/71 (32.4%) of the CHAP-HA patients reported and
adverse event compared to 35/71 (49.3%) of the NASHA treated patients
but these differences were not signiﬁcantly different. No serious
product associated events were reported.
Conclusions: Even though the formulation and dosage form of CHAPHA are similar to those of NASHA, CHAP-HA demonstrated signiﬁcant
superiority in primary and numerous secondary outcomes at various
follow-up visits up to 6 months to the US approved NASHA with an
equivalent and favorable safety proﬁle in this study.
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PRESENTATION NUMBER: 289
NEUROPATHIC PAIN SYMPTOMS IN INFLAMMATORY HAND
OSTEOARTHRITIS (OA) LOWER QUALITY OF LIFE AND MAY
REQUIRE ANOTHER APPROACH THAN ANTI-INFLAMMATORY
TREATMENT
C. van der Meulen 1, L.A. van de Stadt 1, F.P. Kroon 1, M.C. Kortekaas 1,
€ hringer 1, M. Reijnierse 1, F.R. Rosendaal 1, N. Riyazi 3,
A. Boonen 2, S. Bo
M. Starmans 4, F. Turkstra 5, J. Van Zeben 6, C.F. Allaart 1,
M. Kloppenburg 1. 1 LUMC, Leiden, Netherlands; 2 Maastricht Univ. Med.
Ctr., Maastricht, Netherlands; 3 Haga Hosp., The Hague, Netherlands;
4
5
Zuyderland
Med.
Ctr.,
Heerlen,
Netherlands;
Amsterdam
Rheumatology and Immunology Ctr. j Reade, Amsterdam, Netherlands;
6
Sint Franciscus Vlietland Groep, Rotterdam, Netherlands
Purpose: Pain is a common, disabling and difﬁcult to manage symptom
in hand osteoarthritis (OA). Both nociceptive and neuropathic pain
mechanisms may play a role in hand OA. These two types of pain may
require different treatment. Therefore, this study aimed to investigate
whether neuropathic pain symptoms are present in patients with
inﬂammatory hand OA, to investigate characteristics of those patients
and the impact of neuropathic pain symptoms on the physical domain
of health related quality of life (HR-QoL), and whether neuropathic pain
symptoms are inﬂuenced by anti-inﬂammatory treatment.
Methods: Data from a randomized, double-blind, placebo-controlled
trial in which 92 patients with hand OA fulﬁlling ACR criteria were
treated with prednisolone, has been analysed. Patients had signs of
synovial inﬂammation on ultrasound (positive power doppler and
synovial thickening), a VAS ﬁnger pain of 30 and showed ﬂaring 20
upon NSAID washout. The primary endpoint of this trial was VAS ﬁnger
pain (0-100) at week 6. Neuropathic pain symptoms were measured at
baseline and after treatment using the validated painDETECT questionnaire, consisting of questions on pain quality, pain intensity over
time and radiating pain (score range: -1 to 38, classiﬁed as unlikely
(<13), indeterminate (13-18) and likely (>18) neuropathic pain). HRQoL was measured with physical component scale (PCS) of Short-Form
36 (SF36; 0-100), comorbidities with the Self-administered Comorbidities Questionnaire (SCQ; 0-45) and radiographic severity with
Kellgren-Lawrence (KL) sum score (0-120). OMERACT-OARSI responder
criteria were used to determine response to prednisolone. Association
of patient characteristics with neuropathic pain symptoms was analysed ﬁrst with univariate ordinal logistic regression, followed by
multivariate ordinal logistic regression, with painDETECT categories as
dependent variable. Inclusion of factors for multivariate analysis was
based on literature research. Association of neuropathic pain symptoms
with HR-QoL was analysed with multivariate linear regression, adjusted
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for age, sex, BMI, VAS ﬁnger pain, SCQ score and KL sum score, with PCS
as dependent variable. Response of neuropathic pain symptoms and
VAS pain to prednisolone was analysed with generalised estimating
equations. Association of neuropathic pain symptoms at baseline with
OMERACT-OARSI response to treatment was analysed using chisquared tests.
Results: 91 Patients had complete painDETECT data at baseline (mean
painDETECT score 12.8 [SD 5.9]). Of these, 53% scored <13, 31% scored
13-18 and 16% scored >18. In univariate analysis, scores belonging to a
higher painDETECT categories were associated with lower age, less
radiographic damage, lower HR-QoL and more comorbidities. Association between higher painDETECT score categories and less radiographic
damage and more comorbidities remained in multivariate analysis.
Additionally, female sex and VAS ﬁnger pain were also associated with
scores belonging to higher painDETECT categories in multivariate analysis(table 1). Patients with painDETECT scores >18 had a lower HR-QoL
(PCS -6.5 [95%CI -10.4 to -2.6]), than those with painDETECT scores <13.
PainDETECT scores remained unchanged throughout the trial in both
prednisolone-treated and placebo-treated patients, and there was no
between-group difference at week 6 (mean difference -1.7 [95%CI -3.9
to 0.4]). On the contrary, VAS pain improved more in the prednisolone
group than in the placebo group (mean between-group difference -16.5
[95%CI -26.1 to -6.9]) (ﬁgure 1). Including painDETECT categories into
this GEE model did not change the effect estimate. In this study we did
not ﬁnd an association between the presence of neuropathic pain
symptoms at baseline and OMERACT-OARSI response to anti-inﬂammatory treatment (ﬁgure 2).
Conclusions: Patients with inﬂammatory hand OA and additional
neuropathic pain symptoms are more often females with less radiographic damage and more comorbidities, who report a clinically relevant lower physical HR-QoL than those without. Neuropathic pain
symptoms seem unresponsive to anti-inﬂammatory therapy, but VAS
ﬁnger pain in the presence of neuropathic pain symptoms can possibly
still be treated with prednisolone. Clinicians should be aware of the
presence of neuropathic pain symptoms in patients with inﬂammatory
hand OA, as it has an effect on HR-QoL but may require a different
approach than treatment of nociceptive pain.
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(mean BMI 29.63 kg/m2, ±5.5 SD) and had polyarticular OA (60%). 53%
of patients met the World Health Organization recommendations on PA
before surgery. For the primary endpoint, a high preoperative total PA
was associated with a better relationship with the partner (b ¼ 0.55, p ¼
0.02) one year after surgery. As for secondary endpoints, a high twoyear preoperative total PA was associated with an impaired SF-36
Mental Component Summary score (b ¼ -0.87, p ¼ 0.02), but a longer
walking distance (b ¼ 442.81, p < 0.01). Leisure-time PA also showed a
positive impact on walking distance (b ¼ 76.25, p ¼ 0.02), but a negative
one on social functioning in SF-36 (b ¼ -0.47, p ¼ 0.01). No statistically
signiﬁcant association between preoperative PA and pain nor WOMAC
was found.
Conclusions: In this cohort study, the preoperative level of PA demonstrated a heterogeneous effect on the various aspects of QoL one year
after THA and TKA in OA patients. Preoperative PA was directly associated with gain of function, measured as walking distance, after surgery. Considering the increasing prevalence of OA and the crucial role of
PA on health, further studies on this relevant topic are needed.

PRESENTATION NUMBER: 290
THE EFFECT OF PREOPERATIVE PHYSICAL ACTIVITY ON KNEE AND
HIP ARTHROPLASTY OUTCOME IN PATIENTS WITH OSTEOARTHRITIS
E. Vandelli 1, C. Duﬂos 2, S. Akouete 2, F. Guillemin 3, A.-C. Rat 4,
Y.-M. Pers 5. 1 Sant'Orsola-Malpighi Polyclinic, Rheumatology Unit,
Bologna, Italy; 2 Univ. Hosp. of Montpellier, Clinical Res. and Epidemiolgy
Unit, Montpellier, France; 3 CHRU Nancy, Inserm, Universit
e de Lorraine,
CIC 1433 clinical epidemiology, CHRU Nancy, Inserm, Vandoeuvre-lesNancy, France; 4 Universit
e de Caen Normandie, Universit
e de Lorraine,
CHU Caen, Caen, France; 5 Univ. Hosp. of Montpellier, Clinical
Immunology and Osteoarticular Diseases Therapeutic Unit, Montpellier,
France
Purpose: Joint replacement is a therapeutic option increasingly widespread among osteoarthritis (OA) patients. Besides improving operating
techniques and postoperative management, it is important to pursue
the best preoperative conditions in order to achieve the desired result.
As physical activity (PA) potentially acts on the preoperative predictors,
knowing the effect of leisure and occupational PA should be of great
interest to obtain a positive outcome.
To investigate the inﬂuence of preoperative PA on the clinical outcomes
of total hip arthroplasty (THA) and total knee arthroplasty (TKA) in OA
patients.
Methods: Data from the Knee and Hip OsteoArthritis Long-term
Assessment (KHOALA) cohort, a multi-regional French cohort of 878
patients with symptomatic hip and/or knee OA, were analysed. We
included in our study patients undergoing THA or TKA during a 7-yearfollow-up period. The level of total and leisure-time preoperative PA
was measured with the Modiﬁable Activity Questionnaire (MAQ).
Outcomes were measured one year after surgery. For the primary
endpoint, quality of life (QoL) was measured with the OsteoArthritis
Knee and Hip Quality Of Life questionnaire (OAKHQOL). For secondary
endpoints, QoL was measured with Short Form 36 (SF-36), pain with the
Visual Analogue Scale (VAS), function with the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) and with walking
distance. The population characteristics were described using frequency or mean and standard deviation (SD), depending on the distribution of the variable. Association between exposures and outcomes
was calculated with a multivariate linear analysis with backward
selection, adjusting for confounders (age, sex, body mass index, site of
joint replacement, polyarticular OA, OA duration, comorbidities, radiological grade of OA, inclusion centre, rehabilitation after surgery,
previous joint issues, instruction level). A p-value < 0.05 was set as
statistically signiﬁcant.
Results: One hundred and ﬁfty patients were included. 58.7% underwent TKA and 41.3% THA. The mean age at the time of surgery was 66.6
years (±7.7 SD). The majority of patients were female (75%), overweight

PRESENTATION NUMBER: 291
HOW IS ADHERENCE TO UNSUPERVISED, CONSERVATIVE
INTERVENTIONS FOR KNEE OSTEOARTHRITIS MEASURED? RESULTS
FROM A SYSTEMATIC REVIEW
V. Duong 1, M.S. Daniel 1, M.L. Ferreira 1, C.G. Fritsch 1, D.J. Hunter 1,
X. Wang 1, N. Wei 2, P.J. Nicolson 3. 1 Univ. of Sydney, St Leonards,
Australia; 2 Dongfang Hosp., Univ. of Chinese Med., Beijing, China;
3
Nufﬁeld Dept. of Orthopaedics, Rheumatology and Musculoskeletal Sci.,
Univ. of Oxford, Oxford, United Kingdom
Purpose: The aim of this review was to describe how adherence to
unsupervised, conservative interventions for knee osteoarthritis (OA) is
measured. In particular, the methods of adherence measurement,
parameters of assessing adherence and values used to quantify satisfactory adherence.
Methods: A systematic review was conducted with three search strings
related to knee OA, conservative interventions and adherence. Seven
electronic databases were searched from inception to November 2019
(MEDLINE, AMED, EMBASE, CINAHL, SportDiscus, PsychINFO and
PEDro). The protocol was registered with the International Prospective
Register of Systematic Reviews. Studies were included if they met all of
the following criteria: adults 18 years, diagnosed with knee OA; an
unsupervised, conservative intervention or combination of interventions for knee OA; a description of how adherence to the treatment/s
or component of the treatment was assessed; published in English or a
language that we were able to obtain a full translation for. Studies were
excluded if they involved treatment for persons without knee OA, or OA
in other joints; only included surgical or pharmacological treatment;
were case studies, reviews, qualitative studies, or conference proceedings/abstracts; only measured adherence to a supervised treatment (e.g.
class-based or therapist-led). Title and abstract screening was completed independently by two reviewers, followed by full-text screening.
Any discrepancies were discussed, and a third reviewer was consulted if
necessary. Data were extracted by one reviewer and veriﬁed by a second
reviewer. Extracted data included study details (design, country, setting), treatment type and details, adherence measurement method(s),
adherence measurement time-point(s), recall period, parameters of
assessing adherence, reliability/validity of adherence measures and any
values used to quantify adherence. Methodological quality of included
experimental trials was assessed using pre-existing scores from the
Physiotherapy Evidence Database (PEDro), when available. In the event
that the PEDro score was not available, the study was assessed by two
experienced reviewers, and any discrepancies were discussed. Methodological quality of cohort studies was assessed using the NewcastleOttawa Scale (NOS), which judges cohort studies on three broad criteria
(selection of study groups, comparability of groups, and outcome of
interest). Data were summarised in tables and synthesised using a
narrative format. Treatments were divided into subcategories, and the
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Results reported descriptively. Parameters of adherence measurement
were classiﬁed by treatment and summarised in tables. Values for
quantifying satisfactory adherence were converted to percentages
where possible, and reported as commonly reported range. When there
were adherence data for more than one intervention, results were
reported separately.
Results: A total of 4812 references were identiﬁed, of which 3681 titles
and abstracts were screened after exclusion of duplicates. One thousand
and ninety-one papers were assessed at full-text against the inclusion
and exclusion criteria. The majority of papers were excluded at full-text
review as they did not report how adherence to the intervention was
measured. A total of 227 studies (273 papers) were included in the
review. From the 227 studies, a total of 241 interventions were included
in the data extraction as 17 papers measured adherence to a combination of interventions (Figure 1). The majority of studies included were
randomised controlled trials (n¼199, 87.6%). About half of the included
studies included therapeutic exercise (n¼99, 41.3%), which included
strengthening, stretching, neuromuscular and range of motion exercises. Others included studies investigating biomechanical interventions such as footwear, insoles, and knee braces; physical activity or
aerobic exercise, supplements and educational interventions (Table 1).
The majority of studies used one method to measure adherence (n¼171,
71.0%). For therapeutic exercise and biomechanical interventions, a selfreported diary or logbook was the most commonly used method (n¼68,
68.7%; n¼23, 62.2%). For physical activity interventions, most studies
used a wearable device such as a pedometer or accelerometer to
measure adherence (n¼18, 60.0%). The majority of studies investigating
supplements used pill count methods to assess adherence (n¼19,
86.4%), and some studies also used a secondary method such as a selfreported diary. All studies investigating a dietary intervention used selfreported diaries to monitor food intake (n¼8, 100%), and over half also
included a secondary measure such as body weight (n¼5, 55.5%). For
electrotherapy interventions, the most common measurement methods
were through a self-reported diary (n¼9, 64.3%) or an inbuilt device
counter (n¼8, 57.1%). Across all treatments and measurement methods,
the most common parameter was the frequency of treatment completion (n¼77, 32.0%). Therapeutic exercise interventions mainly collected frequency through a self-reported diary or a self-developed
Likert scale. Two studies used the Exercise Adherence Rating Scale
(Section B), a validated scale to measure exercise adherence. The main
parameter for biomechanical interventions was the number of hours
the device was worn (n¼27, 77.1%). For physical activity interventions
assessed using wearable trackers, the most common parameter was the
number of steps taken (n¼9, 50%) or the intensity of the activity (n¼7,
38.9%). Three existing questionnaires were used to measure physical
activity including the Short Questionnaire to Assess Health enhancing
physical activity (SQUASH), the Physical Activity Scale for the Elderly
Questionnaire (PASE) and the Community Health Activities Model
Program for Seniors (CHAMPS). For supplements, the most common
parameter for assessing adherence was through a pill count (n¼19,
86.4%). All but one study on educational interventions delivered
through a website (n¼12; 92%) were monitored online (n¼12, 92%),
with the main parameter being the number of education modules
completed or videos watched (n¼5, 41.7%). Most of the dietary interventions were assessed by food intake (n¼7, 87.5%), and a small number
also monitored participants’ body weight (n¼3, 37.5%).
Only a small number of studies reported values for quantifying satisfactory adherence. The most commonly reported cut-off values were
between 75% and 99%. Adherence measurement recalls varied between
bidaily to monthly. The time-points of adherence measurement also
varied, ranging from daily to over three years. Only nine studies
(n¼3.7%) reported any reliability or validity testing of the adherence
measurement used.
Conclusions: Of the numerous studies identiﬁed investigating unsupervised, conservative interventions for knee OA, the majority failed to
measure adherence. Within the included studies, there was a large
variety of adherence measurement methods and reporting. Standardising adherence measurements in future studies is crucial. Developing a tool to measure adherence to conservative interventions for
knee OA remains a priority.
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USE OF AN ACTIVITY TRACKER AS A MEASUREMENT TOOL IN A KNEE
OSTEOARTHRITIS CLINICAL TRIAL (ACTIVE-OA TRIAL) e UPDATE OF
RESULTS
S.P. Yu 1, M. Ferreira 2, V. Duong 1, J. Caroupapoulle 3, N.K. Arden 4, 5,
K.L. Bennell 6, D.J. Hunter 1. 1 Dept. of Rheumatology, Royal North Shore
Hosp. and Inst. of Bone and Joint Res., Univ. of Sydney, Sydney,
Australia; 2 Dept. of Rheumatology, Royal North Shore Hosp. and Inst. of
Bone and Joint Res., Univ. of Sydney, Sydney, Australia; 3 Faculty of
Engineering and Physical Sci., Univ. of Southampton, Southampton,
United Kingdom; 4 Ctr. for Sport, Exercise and Osteoarthritis Versus
Arthritis, Nufﬁeld Dept. of Orthopaedics, Rheumatology and
Musculoskeletal Sci., Univ. of Oxford, Oxford, United Kingdom,; 5 MRC
Lifecourse Epidemiology Unit, Southampton Gen. Hosp., Univ. of
Southampton, Southampton, United Kingdom; 6 Ctr. for Hlth., Exercise
and Sports Med., Dept. of Physiotherapy, Sch. of Hlth.Sci., Faculty of Med.
Dentistry & Hlth.Sci., The Univ. of Melbourne, Melbourne, Australia
Purpose: In osteoarthritis (OA) clinical trials, reliable and responsive
outcome measures to document improvements in function are limited.
Current measures predominately rely on self-reported function tests,
but they are poorly responsive, subject to misreporting and the placebo
response. Functional measures such as observed timed-up-and-go test
(TUG) and six-minute walk test (6MWT) are advocated, but their relevance may be limited in the context of a patient’s real-world functional
capabilities. Thus, reliable and convenient outcome measures to document improvements in function, joint structure and metabolism with
treatment are required.
Using commercial physical activity tracking devices or wearables (i.e.
smartphones or smartwatches) as a way to measure improvements in
function in day-to-day life are potentially an attractive and easily
available alternative to conventional OA trial outcome measures. Consumer-level activity monitors have shown high validity for measurement of steps when compared with research-grade devices.
Another strategy of assessing response to therapy is to measure knee
loading. Biomechanical studies have shown correlations between
dynamic knee loading and OA symptomatology. The modern smartphone has micro-electrical-mechanical system sensors which can allow
for accelerometer-based load rate measurements.
The aim of this study is to assess if the use of an activity tracker in an OA
clinical trial is a responsive measurement tool. Secondary objectives
include the assessment of the feasibility of an activity tracker use and
validity of an activity tracker in an OA clinical trial.
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Methods: This was a prospective cohort study nested in the Plateletrich Plasma as a Symptom and Disease-Modifying Treatment for Knee
Osteoarthritis - the RESTORE trial (ACTRN12617000853347). Consecutive participants recruited to the RESTORE trial were invited to join
this study. Participants  50 years old with painful knee OA and
Kellgren and Lawrence (KL) grade 2-3 were included. Participants were
asked to wear an activity tracker (Fitbit Flex (2), Fitbit Inc, San Francisco,
CA, USA) and smartphone (Samsung Galaxy A5 (2017), Samsung Electronics Inc., Suwon, South Korea) for seven consecutive days at the time
of baseline assessment (week 0, before their injection therapies) and at
the 2-month follow-up assessment. Participants received a series of
three weekly injections of platelet rich plasma or saline. Both participants and study researchers were blinded to the treatment allocation
for the study.
The Fitbit was utilised to capture steps and the smartphone phone was
preloaded with an application called the OAppTMthat runs continuously
in the background of the smartphone and records accelerometer data.
The App uses an intermittent random Monte-Carlo sampling of raw
accelerometer data recorded at intermittent times with a sampling
frequency of 50Hz, which allows for statistical estimation of load rate
and acceleration magnitudes.
To determine the responsiveness of the activity tracker, the effect size
(ES) and the standardised response mean (SRM) were calculated. ES was
deﬁned as the difference between mean steps per day between baseline
and 2 months follow-up divided by the standard deviation of the
baseline scores and SRM was deﬁned as the mean change in steps per
day between baseline and 2 months; divided by the standard deviation
of the mean change scores. Values reﬂect (standardised) changes in
terms of the number of standard deviations of the baseline scores (ES)
or the change scores (SRM) (i.e. unit-free). Results were interpreted
according to Cohen’s recommendations where an effect size of < 0.2 is
considered a trivial effect, 0.2-0.5 a small effect, 0.5-0.8 a moderate
effect and >0.8 a large effect. The Global rating of change (global
improvement overall) was used as the criterion by which to judge the
sensitivity to change.
Those who scored 6-7 out of a total score of 7, were classiﬁed as
“improved”, whereas those who scored 1-5 were classiﬁed as “no
change/not-improved”. Accordingly, ES and SRM values were calculated
separately for the “improved” vs “no change/not-improved” groups.
Independent t-tests were utilised to compare the difference in change
in number of steps between the “improved” and “no change/notimproved” groups.
To investigate the instrument’s construct validity, correlation coefﬁcients (r) were calculated to examine the strength of the association
between change in the mean steps per day between baseline and 2
months and participant-perceived global ratings of change at 2 months.
The association of change in mean steps per day/mean knee load rate
and change in secondary outcomes between baseline and 2 months was
also examined. Pearsons/Spearmans correlation was used accordingly
to data type or skewness. Correlation coefﬁcient r values <0.30 indicate
a weak relationship, whereas values from 0.30 to 0.50 indicate a
moderate relationship, and values >0.50 indicate a strong relationship.
The activity tracker wear will be deemed feasible if >70% of patients
comply with wearing the trackers at least six out of seven days for each
measurement period.
Results: 65 participants were recruited (Table 1) with 8 participants
(12%) dropped out of the study or with incorrect Fitbit usage/data
upload at 2-months follow up. OAppTM data were not captured for 4
participants at baseline and 10 participants at follow-up. The proportion of participants who wore the Fitbit trackers for at least six out of
seven days was 64/65 participants (98%) at baseline and 57/57 participant (100%) at 2-months follow-up. The proportion of participants who
carried the smartphone for at least six of seven days was 56/65 (86%)
participants at baseline and 46/57 (80%) participants at 2-months follow up.
In regard to ES and SRM, mean step count had a trivial effect size and
mean knee loading rate measurements showed a moderate effect size in
comparison to currently available outcome measures. The ES of these
outcomes measures became much larger in those who perceived global

improvement overall (i.e. >6 on GRC scale) at the 2 months follow up
(Table 2). In those who perceived no change/improvement at follow-up,
the ES and SRM became trivial in comparison.
There was a weak but signiﬁcant correlation between change in mean
steps per day and global improvement overall as well as WOMAC
function. Changes in mean steps per day and mean knee loading rate
per day had a moderate correlation. Correlation with change in mean
knee loading rate per day from baseline to 2 months and different
outcome measures did not show any signiﬁcant correlations
(Table 3).
Conclusions: The study showed that the use of activity tracker is a
feasible option with demonstration of good compliance amongst the
trial participants. This study has not shown signiﬁcant responsiveness or validity of the activity trackers in comparison with other
regularly utilised outcome measures in OA clinical trials. However,
the main challenge of this study is the lack of a gold standard outcome measure to validate against. Due to the complex nature of
pain, perceived quality of life, and the interplay between these
factors and measured function, a lack of correlation does not necessarily represent a failed validation in this context. Further larger
sample studies with possibly longer duration of activity tracker
wear are required to validate activity tracker measurements as an
outcome measure.

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

S241

PRESENTATION NUMBER: 293
THE ASSOCIATION BETWEEN SINGLE-QUESTION VAS PAIN RATING
AND WEIGHT-BEARING AND NON-WEIGHTBEARING DOMAINS OF
WOMAC PAIN: A POST-HOC ANALYSIS BASED ON DATA FROM TWO
PHASE 3 CLINICAL TRIALS
J.J. Bjerre-Bastos 1, 2, Y. Li 2, J.R. Andersen 2, C. Christiansen 3,
M.A. Karsdal 3, A.R. Bihlet 2. 1 Univ. of Copenhagen, Copenhagen,
Denmark; 2 NBCD, Herlev, Denmark; 3 Nordic BioSci., Herlev, Denmark
Purpose: As the main symptom of OA, pain is the most important target for
clinical OA research. It is well known that a general discordance between
structural severity and the intensity of symptoms such as pain exists,
although imaging measures such as bone marrow lesions (BML) and synovitis have been found to be associated with pain. Research indicates that
multiple pain mechanisms are involved in OA pain, and differentiating
between weight-bearing pain and non-weight-bearing pain has been
suggested as a means of improving discrimination between such potential
distinct causes of pain. Patient reporting using a visual analog scale
assessing an average of 24-hour OA pain with no further speciﬁcation (here
noted “VAS”) and the Western Ontario and McMaster Universities Arthritis
Index (WOMAC) are commonly used for measuring pain in clinical OA
trials. In contrast to the single-question VAS, the WOMAC pain scale consists of ﬁve individual dimensions/questions. The WOMAC pain scale is
considered a reference standard and assesses both weight-bearing (questions 1, 2 and 5) and non-weight-bearing (questions 3, and 4) pain. The
mechanisms behind weight-bearing and non-weight-bearing pain may be
different and may not be equally suitable for a general OA pain assessment.
Focusing on weight-bearing pain may improve our understanding of pain
related to joint disease activity, and pain while non-weight-bearing could
be speculated to, to a higher degree, reﬂect central sensitization with less
inﬂuence of ongoing joint disease activity. This is supported by the ﬁndings
that BMLs, synovitis and effusion correlate better with weight-bearing
compared to non-weight-bearing pain. The correspondence between a
single-question VAS and the WOMAC pain scale and, importantly, its
weight-bearing and non-weight-bearing components, are not adequately
described in the literature. It is hypothesized that a single question OA pain
instrument such as the VAS would correlate stronger with WOMAC
weight-bearing pain compared to WOMAC non-weight-bearing pain. On
this basis we intended to explore the associations between the individual
dimensions of pain reporting instruments, single-question average VAS
pain and WOMAC pain, in order to determine the degree of agreement.
Methods: Data from a very large clinical dataset of OA symptoms based
on two phase 3 clinical trials investigating oral salmon calcitonin in OA,
CSMC021C2301 (NCT00486434) and CSMC021C2302 (NCT00704847),
was analyzed post-hoc. Subjects with available VAS and WOMAC pain
scores of the non-target knee at baseline were included in the analysis.
Analysis was focused on the non-target knee, to avoid selection bias of
the target knee, as inclusion into the study was a WOMAC score >150 out
of 500 (corresponding to 30 out of 100) for the target knee. Univariate
correlations (Pearson’s) were calculated between one-question VAS pain
score and composite WOMAC ﬁve-question pain score normalized to a 0100 score. Comparison of r values were made using z-statistics obtained
via Fisher’s r to z. In order to differentiate between pain categories,
correlation analysis was carried out after dividing WOMAC pain into
weight-bearing (Q1, Q2 and Q5) and non-weight-bearing (Q3 þ Q4), both
standardized to a 0-100 scale. Finally, we investigated the correlation
between VAS pain divided into quintiles and each of the ﬁve WOMAC
pain questions in order to evaluate how pain intensity/severity inﬂuenced the possible associations across the two different measures of pain
reporting. As the analyses were considered exploratory, and thus no
adjustment for multiple comparisons was performed.
Results: 2093 subjects were analyzed. The mean age was 64.4 years
(SD: 6.8), 729 (34.8%) were male, mean BMI was 28.89 (SD: 4.92), 86 had
Kellgren & Lawrence (KL) radiological grade 0 in the non-target knee,
403 had KL 1, 1055 had KL 2, 482 had KL 3, 52 had KL 4 and in 15 KL
grade was not applicable. The mean WOMAC pain score was 48.37 out
of 100 (SD: 14.67) and the mean VAS pain score was 50.83 out of 100
(SD: 20.46). The correlation between single-question VAS non-target
knee pain rating and total WOMAC pain was signiﬁcant (r ¼ 0.67, p
<0.001) with a slope of 0.57 (95%CI: 0.54-0.61) (Figure 1) meaning that
1 unit of change in VAS pain corresponded to 0.57 unit change in
WOMAC pain. When dividing WOMAC in two constructs representing
weight-bearing (Q1 þ Q2 þ Q5) and non-weight-bearing pain (Q3 þ
Q4), respectively, the slopes were reduced while correlation was
unchanged for weight-bearing pain (Slope: 0.62 (95%CI: 0.59-0.65) , r ¼
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0.68, p < 0.001), but signiﬁcantly lower (Fisher’s z ¼ 7.27, p<0.001) for
non-weight bearing pain (Slope: 0.49 (95%CI: 0.46-0.52), r ¼ 0.54, p <
0.001) (Figure 2). The correlations between VAS and individual WOMAC
pain questions were generally modest (r<0.35), when investigating VAS
pain divided into quintiles. Agreement between WOMAC pain questions
was better in the more extreme ranges of pain, i.e. 1st and 5th VAS
quintiles. The strongest correlations were found between low VAS pain
and weight-bearing WOMAC questions. Generally, the slopes and correlations strengths were low for WOMAC non-weight-bearing pain
dimensions and the middle, 2nd, 3rd and 4th VAS quintiles.
Conclusions: Data indicate that the general correlation between a single
question VAS and WOMAC pain score is moderate, and weaker between
individual dimensions of the WOMAC and the VAS. We found that 1 unit
of change in VAS pain score corresponded to 0.57 units (95%CI: 0.540.61) in the overall WOMAC pain score. Single question VAS pain correlated better to WOMAC weight-bearing pain than to WOMAC nonweight-bearing pain, which could be suggestive of different mechanisms
in weight-bearing and non-weight bearing pain, warranting further
research. Additionally, it may be speculated that the abstraction in
scoring pain in the intermediate range may contribute to inconsistency
in within-patient pain scoring across different pain scoring instruments.

WOMAC Pain Q1 (Walking)
VAS 1st quintile (n ¼ 584)
VAS 2nd quintile (n ¼ 524)
VAS 3rd quintile (n ¼ 506)
cVAS 4th quintile (n¼ 305)
VAS 5th quintile (n ¼ 174)

Table 1

Slope: 0.81,
(p < 0.001)
Slope: 0.24,
(p < 0.09)
Slope: 0.41,
(p ¼ 0.01)
Slope: 0.44,
(p ¼ 0.05)
Slope: 0.78,
(p < 0.02)

r ¼ 0.31
r ¼ 0.07
r ¼ 0.11
r ¼ 0.11
r ¼ 0.17
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CHANGE IN WILLINGNESS TO UNDERGO JOINT SURGERY AFTER
PARTICIPATION IN A 12 MONTH DIGITAL MANAGEMENT PROGRAM
FOR HIP AND KNEE OSTEOARTHRITIS
€ m. Lund
H. Nero, L.E. Dahlberg, S.L. Lohmander, A. Dell'Isola, A. Cronstro
Univ., Lund, Sweden
Purpose: First-line osteoarthritis (OA) treatment, including exercise,
education and weight control, is universally recommended by OA
treatment guidelines. Previous studies have shown that 6 weeks of
adherence to a digital ﬁrst-line OA treatment program decreases disabilities and reduces the need for surgery in individuals with hip or
knee OA. Knowledge of whether a change in willingness to undergo
surgery is maintained over longer periods of adherence to ﬁrst-line
treatment may help us understand when joint replacement surgery is
most appropriate. The aim was to investigate, in individuals with hip or
knee osteoarthritis, changes in willingness to undergo joint surgery
after 3, 6 and 12 months of participation in a digital ﬁrst-line osteoarthritis self-management program that included exercise and education. We also investigated differences in pain between those who
changed their attitude towards surgery and those who did not.
Methods: Data for 593 individuals with knee (n¼351) or hip (n¼242)
osteoarthritis (mean age 66 (SD 9) years, 76% women) participating for
12 months in a digital ﬁrst-line intervention were retrieved from the
digital management program register. Willingness to undergo joint
surgery was evaluated by the question “Are your symptoms so severe,
that you wish to undergo surgery for your hip/knee?” (yes/no), and index
joint pain by Numeric Rating Scale (NRS 0-10 scale) at start of the
management program and at 3, 6 and 12 months in all patients.
Results: Of those expressing willingness to undergo surgery for their
osteoarthritis at baseline, 55% (knee) and 55% (hip) were no longer
willing at three months. Most remained unwilling also at 6 and 12
months. On the other hand, 15/296 (5%) of the individuals with knee
OA and 16/211 (8%) with hip OA unwilling to have surgery at baseline,
had reconsidered in favor of surgery at 3 months. Corresponding
numbers at 12 months were 16 (5%) (knee) and 26 (12%) (hip). Irrespective of joint affected, those who reconsidered and were no longer
willing to undergo surgery reported less pain and greater reduction in
pain at most follow-ups than those who remained willing to undergo
surgery, whereas those who initially reported being unwilling for
surgery but reconsidered in favor of surgery reported more pain and
less reduction in pain at most follow-ups than those still unwilling to
undergo surgery.
Conclusions: After adhering to a digital ﬁrst-line management program
for hip and knee OA for 12 months, about half of the participants willing
to undergo surgery at the start of treatment, had reconsidered and no
longer considered surgery as needed. On the other hand, between 5%
and 12% changed their attitude in favor of surgery. Pain was associated
with change in willingness to undergo surgery, in either direction, in
both participants with hip and knee OA. The Results highlight the
importance of providing ﬁrst-line OA treatment to support shared
decision making prior to joint surgery referral and reducing the economic burden of this disease.

WOMAC Pain Q2
(Stairs)

WOMAC Pain Q3
(Nocturnal)

WOMAC Pain Q4
(Rest)

WOMAC Pain Q5
(Standing)

Slope: 1.36, r¼ 0.34
(p < 0.001)
Slope: 0.39, r ¼ 0.10
(p < 0.02)
Slope: 0.48, r ¼ 0.13
(p ¼ 0.005)
Slope: 0.47, r ¼ 0.14
(p ¼ 0.01)
Slope: 0.76, r ¼ 0.24
(p < 0.001)

Slope: 0.54, r ¼ 0.18
(p ¼ 0.001)
Slope: 0.20, r ¼ 0.05
(p < 0.23)
Slope: 0.09, r ¼ 0.02
(p ¼ 0.64)
Slope: 0.10, r ¼ 0.02
(p ¼ 0.72)
Slope: 1.53, r ¼ 0.28
(p < 0.001)

Slope: 0.74, r ¼ 0.28
(p < 0.001)
Slope: 0.25, r ¼ 0.07
(p < 0.001)
Slope: 0.34, r ¼ 0.09
(p ¼ 0.43)
Slope: 0.13, r ¼ 0.03
(p ¼ 0.59)
Slope: 1.1, r ¼ 0.22
(p < 0.003)

Slope: 0.95, r ¼ 0.33
(p < 0.001)
Slope: 0.20, r ¼ 0.06
(p < 0.001)
Slope: 0.28, r ¼ 0.07
(p ¼ 0.10)
Slope: 0.21, r ¼ 0.05
(p ¼ 0.39)
Slope: 0.62, r ¼ 0.14
(p < 0.07)
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CHARACTERIZATION OF ORTHOPEDIC SURGEONS’ MEDICAL
TOUCHPOINTS FOR PATIENTS WITH OSTEOARTHRITIS AND OBESITY
A.E. Nelson 1, D. Horn 2, K. Earles 3, S. Mathew 3, C. Damsgaard 4.
1
Thurston Arthritis Res. Ctr. and Dept. of Med. at Univ. of North
Carolina, Chapel Hill, NC, USA; 2 Dept. of Surgery and Ctr. for Obesity
Med. and Metabolic Performance, Houston, TX, USA; 3 Novo Nordisk,
Inc., Plainsboro, NJ,USA; 4 Boston Orthopaedic and Spine, Boston, MA, USA
Purpose: Obesity is a risk factor for osteoarthritis (OA) development
and progression. Per American College of Rheumatology (ACR) guidelines, weight management is an important strategy for managing OA;
however, it is often overlooked in treatment approaches. To understand
the medical journey of patients with OA and obesity, interactions
between patients and orthopedic surgeons were mapped to identify the
roles involved, inﬂuential factors, and the process for treatment
decisions.
Methods: A cross-sectional study was conducted in the U.S. with
healthcare providers (HCPs) and patients with OA and obesity. An
initial series of qualitative interviews with patients and HCPs were
performed to inform a robust quantitative survey. Participants were
recruited from an online panel and completed an online survey in
January 2020. HCPs included primary care physicians (PCPs), rheumatologists, orthopedic surgeons, nurse practitioners and physician
assistants. This was an anonymous online survey; thus, institutional
review board approval was not required. The survey was conducted in
accordance with the principles and guidelines established by the Ofﬁce
for Human Research Protections and the Insights Association Code of
Standards and Ethics.
Results: Quantitative survey results from the patients and orthopedic
surgeons are reported here. Respondents included 304 patients with OA
and obesity and 104 orthopedic surgeons. Based on self-reported height
and weight, patients were categorized as obesity class I, deﬁned as a
BMI of 30-<35 (n¼103, 34%); obesity class II, BMI of 35-<40 (n¼74,
24%); and obesity class III, BMI 40 (n¼127, 42%) with 56% reporting
moderate OA symptoms based on patient reported frequency and
severity of symptoms. On average, orthopedic surgeons made the initial
diagnosis of OA in 29% of surveyed patients. Based on physicianreported frequency and severity of symptoms, orthopedic surgeons
indicate their patient population, on average, consists of patients with
mild OA (27%), moderate OA (43%) and severe OA (31%). Among patients
who have ever seen an orthopedic surgeon for their OA (n¼164), only
7% of patients indicated that the orthopedic surgeon is the coordinator
of their care, while 43% of orthopedic surgeons indicated that they are
the care coordinator for patients with OA and obesity. Most patients
(59%) report that they are “extremely satisﬁed” with the orthopedic
surgeon’s treatment and management of their OA. Although orthopedic
surgeons (88%) and patients (79%) reported having discussions about
the impact of weight on OA at diagnosis and at follow-up visits (94% and
73%, respectively), orthopedic surgeons offer obesity treatment options
including speciﬁc diets, referrals to commercial or medical weight loss
programs, or prescription anti-obesity medications to few patients. The
majority of surveyed orthopedic surgeons (57%) do not use any technologies such as exercise or food tracking applications/devices or online
patient portals to help manage patients with OA and obesity. Most
orthopedic surgeons reported referring patients to bariatric surgeons
(73%) and approximately one-third reported referring patients to obesity medicine specialists (37%), primarily when a patient required
weight loss to undergo joint replacement surgery. Although patients
and orthopedic surgeons are aligned on the occurrence of discussions
about the obesity and OA relationship, they differ in their perception of
discussions regarding weight management speciﬁcally. Patients reported that they never (31%) or rarely (23%) discussed weight management
with their orthopedic surgeon, while orthopedic surgeons reported that
they discussed weight management often or at every visit (59%) or
sometimes (39%) with patients. Orthopedic surgeons report recording
the patient’s BMI in 81% of appointments but informed the patient of
their BMI in only 53% of visits. Few orthopedic surgeons (16%) feel
strongly that they have a responsibility to actively contribute to their
patients’ weight loss efforts. One-third (34%) think their patients could
lose weight “if they really set their mind to it”, but very few strongly
agree that their patients are motivated to lose weight (5%). Almost 9 in
10 (89%) orthopedic surgeons cite lack of patient motivation and
adherence as one of the top three greatest barriers in their management
of obesity in their patients with OA; less than one-third feel lack of
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appropriate treatments (31%) or lack of education on obesity or weight
management for healthcare providers (30%) are barriers. Most orthopedic surgeons (94%) follow American Academy of Orthopedic Surgeons
(AAOS) guidelines for OA management, but more than half (54%) do not
follow any clinical guidelines for the treatment and management of
obesity (Figure 1); most (65%) of those who do, feel the guidelines are
only somewhat effective.
Conclusions: Orthopedic surgeons typically engage with patients with
OA and obesity when their OA is more severe and when surgical
intervention such as joint replacement is needed. Study Results
demonstrate that orthopedic surgeons feel disengaged with their role
in supporting weight loss objectives and tend to be less involved in the
obesity management for patients with OA and obesity. Orthopedic
surgeons are generally not seen as the care coordinator for patients
with OA and obesity. Perhaps because of their unsubstantiated belief
that motivation and behavior are the key factors in determining
weight loss success, orthopedic surgeons are not commonly recognizing the need to interrupt genetics, biology, and physiology in the
treatment of obesity as a disease. This could be one reason why utilization of obesity management guidelines is low. Most discuss
weight’s impact on OA, but half are not informing patients of their
BMI. Obesity management is a timely topic to orthopedic surgeons as
there is an increased focus on value-based care leading to BMI cutoffs
and preoperative weight management. Orthopedic surgeons have an
important role in the overall care approach for patients with OA and
obesity. Increased education and awareness of the importance of
engagement in evidence-based obesity management in crucial preand post-operative periods are necessary. There are lifestyle, pharmaceutical, device, and surgical tools in the obesity treatment continuum of care and guidelines from several professional organizations
that could be utilized to optimize the orthopedic surgical outcomes,
quality of life, and overall health of patients living with OA and obesity.
Dissemination of these guidelines to the orthopedic community may
help to improve engagement of both patients and surgeons in the
management of patients with OA and obesity.

PRESENTATION NUMBER: 296
EARLY FAILURE OF A POLYVINYL ALCOHOL HYDROGEL IMPLANT
WITH FOREIGN BODY REACTION AND OSTEOLYSIS IN AN OVINE
MODEL OF CARTILAGE REPAIR
J. Chevalier 1, M. Cercone 1, J.G. Kennedy 2, A. Miller 1, L. Fortier 1. 1 Cornell
Univ., Ithaca, NY, USA; 2 New York Univ. Langone, Ithaca, NY, USA
Purpose: Hemiarthroplasty with polyvinyl alcohol hydrogel (PVA)
cartilage implants in the treatment of hallux rigidus showed initial
promise with a 90% success rate. However, recent studies suggest that
the implant may shrink and subside, leading to higher than anticipated
failure rates. The purpose of this study was to characterize the healing
response to polyvinyl implantation by using an ovine model.
Methods: An osteochondral defect was created unilaterally in the
medial femoral condyle of six sheep and ﬁlled with a PVA implant
(Cartiva, Wright Medical) (n¼4) or left empty (n¼2). Sheep were followed for six months. Post-mortem quantitative CT (qCT) evaluations
were performed to measure bone density using 5mm-wide ROI
delineated in 3D reconstruction around the defect/implant area. Joints
were then dissected and evaluated using a modiﬁed International
Cartilage Repair Society (ICRS) macroscopic score (I¼best, IV¼worst).
Osteochondral sections were assessed using a modiﬁed Osteoarthritis
Research Society International (OARSI) histopathology net score
(0¼best, 20¼worst). Synovial membrane histology was scored using
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the aseptic lymphocyte-dominated vasculitis-associated lesions
(ALVAL) scoring system for soft tissue reaction (0¼best, 19¼worst). Both
the synovial membrane and osteochondral sections underwent
immunohistochemistry with anti-ionized calcium-binding adapter
molecule 1 antibody (Iba1) to identify macrophages.
Results: Two of four sheep with the PVA implant showed unrelenting
pain and lameness necessitating early euthanasia. These were considered failed implants. qCT scans revealed 2-fold more osteolysis
around failed implants than the other two (successful) implants or
empty defects (Figure 1A). Grossly, failed implant sheep had ICRS
scores of III and IV/V. The two successful implant sheep had ICRS scores
of II/V and both empty defect sheep had scores of III/V. Osteochondral
histology of failed implants had a mean OARSI score of 13/20 with
extensive GAG loss and a stromal inﬂammatory reaction surrounding
the implant that was up to 5-fold wider than successful implants
(Figure 1B). This reaction contained abundant ﬁbrovascular tissue with
aggregates of lymphocytes and plasma cells. Failed implants revealed
strong and diffuse Iba1 staining of macrophages along the implant/
bone interface with cells densely packed in multiple rows (Figure 1C).
Multinucleated giant cells and macrophages were identiﬁed surrounding presumptive implant debris in one failed implant (Figure 1C,
red arrow and X). Successful implants and empty defects had few Iba1
positive cells randomly distributed (Figure 1C). Mean synovial membrane ALVAL score for failed implants was 11/19 with presence of an
adverse local tissue reaction with lymphocytes and macrophages,
vascular reactivity, and synovial hyperplasia (Figure 1D, E). In contrast,

synovial membrane in successful implants and empty defects were
normal (ALVAL 0/19).
Conclusions: Polyvinyl alcohol hydrogel implants had a 50% early
failure rate with uncontrollable pain, severe osteolysis, inﬂammation and an adverse local tissue reaction. Furthermore, the recruitment of macrophages and multinucleated giant cells are evidence of
a foreign body reaction typically associated with implant wear
debris. Non-degradable biomaterials such as PVA will result in
continuous inﬁltration by macrophages and secretion of proinﬂammatory cytokines, leading to periprosthetic osteolysis and ultimately implant failure. These Results suggest that the use of this
PVA implant should not be continued in human patients without
further in vivo safety studies.
PRESENTATION NUMBER: 297
TOTAL JOINT REPLACEMENTS IN THREE PHASE 3 STUDIES OF
TANEZUMAB IN PATIENTS WITH OSTEOARTHRITIS
J.A. Carrino 1, T.E. McAlindon 2, E. Vignon 3, M.T. Brown 4,
R.J. Fountaine 4, G. Pixton 5, L.L. Viktrup 6, C. West 4, K.M. Verburg 4.
1
Hosp. for Special Surgery, New York City, NY, USA; 2 Tufts Med. Ctr.,
Boston, MA, USA; 3 Universit
e Claude Bernard, Lyon, France; 4 Pﬁzer Inc.,
Groton, CT, USA; 5 Pﬁzer Inc., Morrisville, NC, USA; 6 Eli Lilly & Company,
Indianapolis, IN, USA
Purpose: Tanezumab is a monoclonal antibody that inhibits nerve
growth factor and has demonstrated efﬁcacy in the management of
osteoarthritis (OA). Due to the potential risk of rapidly progressive OA,
recent phase 3 studies of subcutaneous tanezumab included a comprehensive prospective assessment of joint safety. This analysis summarizes data on patients who underwent total joint replacement (TJR)
in recent phase 3 OA tanezumab studies.
Methods: In study 1 (NCT02697773), patients received placebo, tanezumab 2.5 mg, or tanezumab 2.5 mg then 5 mg (tanezumab 2.5/5 mg)
over 16 weeks. In study 2 (NCT02709486), patients received placebo,
tanezumab 2.5 mg, or tanezumab 5 mg over 24 weeks. In study 3
(NCT02528188), patients received tanezumab 2.5 mg, tanezumab 5
mg, or nonsteroidal anti-inﬂammatory drug (NSAID) over 56 weeks.
All 3 studies had a 24-week safety follow-up period. All tanezumab or
matching placebo doses were administered subcutaneously every 8
weeks and NSAID was taken orally twice daily. TJR data were summarized and subgroup analyses were performed to investigate
potential associations between TJR and baseline demographic or clinical characteristics and post-baseline outcomes. For all 3 studies, TJRs
were adjudicated by a blinded, external Adjudication Committee to
determine whether TJRs were associated with joint safety events,
which included rapidly progressive OA type 1 (RPOA1) or type 2
(RPOA2), subchondral insufﬁciency fracture (SIF), primary osteonecrosis, or pathological fracture. For each patient, the most painful hip or
knee joint with radiographic OA was selected as the index joint. Joint
pain was assessed in all joints, but efﬁcacy assessments were based
upon the selected index joint. Patients may also have had OA in nonindex joints.
Results: Across the 3 studies (N¼4541), a total of 248 patients had 1 TJR
(26 patients had 2 TJRs), with an incidence of 4.5% in the placebo group,
5.5% in the tanezumab 2.5-mg group, 6.8% in the tanezumab 2.5/5-mg
group, 7.8% in the tanezumab 5-mg group, and 2.6% in the NSAID group
(Table 1).
In all, 83% of patients with a TJR had surgery on their index joint. The
proportion of patients with TJR of the index joint was similar in the
placebo (87.0%), tanezumab 2.5 mg (88.1%), and NSAID (84.6%) treatment groups. In the tanezumab 5-mg and tanezumab 2.5/5-mg treatment groups, the proportion of patients with a TJR in their index joint
was 77.0% and 93.3%, respectively. Most TJRs occurred in joints with
Kellgren-Lawrence (KL) grade 3 or 4 at baseline (Table 2).
There were 2 TJRs in patients in the tanezumab 5-mg group that
occurred in joints that were KL grade 0 at baseline; 1 of these was
adjudicated to be associated with RPOA2 and the other was a posttraumatic subchondral fracture following an accidental fall. The
majority (73.3-81.0%) of patients across treatment groups had no
prior history of TJR before participation in a study. Of the 275 TJRs
reported across the treatment groups, 50.0-60.4% occurred in the
knee, 38.5-50.0% in the hip, and 0-3.7% in the shoulder (Table 2). For
placebo, tanezumab 2.5 mg or 2.5/5 mg, and NSAID treatment groups,
the incidence of an adjudication outcome of normal progression of
OA was similar (85-93%) and lower in the tanezumab 5-mg group
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Tanezumab

Patients with 1 TJR, n (%)
TJRs during study, no. (% pts with TJR)
1
2
TJR of index joint, no. (% pts with TJR)
Adjudicated joint safety outcomes, no. (% pts with TJR)
RPOA1
RPOA2
Primary osteonecrosis
Pathological fracture
Subchondral insufﬁciency fracture
Normal progression of OA
Insufﬁcient information to determine rapid vs normal
progression of OA
Other joint outcomea

Placebo n¼514

2.5 mg n¼1530

2.5/5 mg n¼219

5 mg n¼1282

NSAID n¼996

23 (4.5)

84 (5.5)

15 (6.8)

100 (7.8)

26 (2.6)

20 (87.0)
3 (13.0)
20 (87.0)

77 (91.7)
7 (8.3)
74 (88.1)

13 (86.7)
2 (13.3)
14 (93.3)

87 (87.0)
13 (13.0)
77 (77.0)

25 (96.1)
1 (3.8)
22 (84.6)

0
0
0
0
0
21 (91.3)
0

4 (4.8)
3 (3.6)
0
0
0
73 (86.9)
2 (2.4)

1 (6.7)
0
0
0
0
14 (93.3)
0

8 (8.0)
10 (10.0)
1 (1.0)
0
3 (3.0)
73 (73.0)
0

2 (7.7)
1 (3.8)
0
0
1 (3.8)
22 (84.6)
0

2 (8.7)

2 (2.4)

0

5 (5.0)

0

Includes TJR or adjudicated event up to the end of the follow-up period or 26 weeks after the end of the treatment period, whichever is later. RPOA1 (rapidly progressive
osteoarthritis type 1) is deﬁned as a signiﬁcant loss of joint space width 2 mm (predicated on optimal joint positioning) within
~1 year, without gross structural failure. RPOA2 (rapidly progressive osteoarthritis type 2) is deﬁned as abnormal bone loss or destruction, including limited or total
collapse of 1 subchondral surface, that is not normally present in conventional end-stage osteoarthritis. a Includes post-traumatic/post-procedure events and preexisting conditions. no., number of events; NSAID, nonsteroidal anti-inﬂammatory drug; OA, osteoarthritis; pt, patient; TJR, total joint replacement.

Table 1
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Summary of Total Joint Replacements d Patient Level

Tanezumab
Placebo n¼514
TJRs, no.
26
Joint(s) affected, no. (% pts with TJR)
Knee
13 (50.0)
Hip
13 (50.0)
Shoulder
0
Index joint, no. (% pts with TJR)
20 (76.9)
Non-index joint, no. (% pts with TJR)
6 (23.1)
Baseline KL grade of replaced joint, no. (% pts with TJR)
Not available
0
0
0
1
1 (3.8)
2
1 (3.8)
3
16 (61.5)
4
8 (30.8)

2.5 mg n¼1530

2.5/5 mg n¼219

5 mg n¼1282

NSAID n¼996

91

17

114

27

55 (60.4)
35 (38.5)
1 (1.1)
74 (81.3)
17 (18.7)

10 (58.8)
7 (41.2)
0
14 (82.4)
3 (17.6)

64 (56.1)
46 (40.4)
4 (3.5)
77 (67.5)
37 (32.5)

15 (55.6)
11 (40.7)
1 (3.7)
22 (81.5)
5 (18.5)

1 (1.1)
0
0
7 (7.7)
36 (39.6)
47 (51.6)

0
0
0
1 (5.9)
8 (47.1)
8 (47.1)

5 (4.4)
2 (1.8)
3 (2.6)
14 (12.3)
62 (54.4)
28 (24.6)

2 (7.4)
0
0
3 (11.1)
16 (59.3)
6 (22.2)

KL, Kellgren-Lawrence; no., number of events; NSAID, nonsteroidal anti-inﬂammatory drug; pt, patient.

Table 2

Characteristics of Replaced Joints d Joint Level

(73%). The tanezumab 5-mg group had the highest percentage of
patients with a TJR with an adjudicated outcome of RPOA1, RPOA2, or
SIF (Table 1). Subgroup analyses did not reveal any associations
between baseline demographic or clinical characteristics and TJR
(Table 3).
*© 1996 Nicholas Bellamy. WOMAC® is a registered trademark of
Nicholas Bellamy (CDN, EU, USA) BMI, body mass index; KL, KellgrenLawrence; NSAID, nonsteroidal anti-inﬂammatory drug; TJR, total
joint replacement
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WOMAC, Western Ontario and McMaster Universities Osteoarthritis
Index
Conclusions: Patients treated with tanezumab 5 mg had a greater
incidence of TJR than patients receiving tanezumab 2.5 mg, placebo, or
NSAID. The occurrence of TJR in the index joint in patients receiving
tanezumab 2.5 mg was similar to those receiving placebo or NSAID. The
majority of TJRs, across all treatment groups, was not associated with an
adjudicated joint safety event but rather normal progression of OA and
occurred in a joint with structural evidence of OA.
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Subgroups

Details

Association with TJR

Demographic factors
Baseline disease severity

Age: <65 vs 65, <75 vs 75) Gender: Male vs female BMI: <25, 25 to <30, 30 to <35, 35
Maximum KL grade (2, 3, or 4) at baseline No. of joints with baseline KL grade 2 Prior history of TJR
WOMAC* Pain
subscale score at baseline (<7, 7) WOMAC Physical Function subscale score at baseline (<7, 7)
Patient’s global assessment at baseline (Fair, Poor/Very Poor)
Selected adverse events up to end of study: arthralgia, joint swelling, abnormal peripheral sensation,
fracture, lower limb fracture, fall, peripheral edema
Change from baseline in WOMAC Pain and Physical function scores at Week 16 and Week 56

No association
No association

Use of intra-articular hyaluronic acid in year prior to study Use of intra-articular corticosteroid in
year prior to study Concomitant use with NSAID Cardiovascular prophylactic aspirin Intra-articular
corticosteroid Bisphosphonate Acetaminophen
Use of NSAID prior to occurrence of TJR
Including history of:Osteopenia Osteoporosis

No association

Adverse events
Efﬁcacy response: WOMAC Pain and
Physical function
Concomitant medications (non-NSAID)

Concomitant NSAID use
Baseline bone health

Table 3

Subgroups Analyzed for Potential Association With Total Joint Replacement

PRESENTATION NUMBER: 298
JOINT SAFETY AND NEUROLOGIC EVENTS WITH SUBCUTANEOUS
TANEZUMAB OR ORAL NONSTEROIDAL ANTI-INFLAMMATORY
DRUGS IN SUBGROUPS OF PATIENTS WITH OSTEOARTHRITIS FROM
AN 80-WEEK PHASE 3 STUDY
D.J. Hunter 1, S. Radominski 2, S. Rodriguez Ulloa 3, I. Goranov 4,
G. Radunovic 5, C. Chang 6, G. Pixton 7, A. Hickman 8, R.J. Fountaine 8,
M.T. Brown 8, L. Viktrup 9, C. West 8. 1 Univ. of Sydney, Sydney, Australia;
2
, Curitiba, Brazil; 3 Hosp. de Alta Complejidad
Univ.e Federal do Parana
Virgen de la Puerta, Trujillo, Peru; 4 Univ. Hosp. Plovdiv, Plovdiv,
Bulgaria; 5 Inst. of Rheumatology, Univ. of Belgrade, Belgrade, Serbia;
6
Seoul Natl. Univ. Coll. of Med., Seoul Natl. Univ. Bundang Hosp.,
Seongnam-si, Republic of Korea; 7 Pﬁzer Inc., Morrisville, NC, USA;
8
Pﬁzer Inc., Groton, CT, USA,; 9 Eli Lilly and Company, Indianapolis, IN, USA
Purpose: Tanezumab, a monoclonal antibody against nerve growth
factor, is in clinical development for the treatment of moderate to
severe chronic pain of osteoarthritis (OA). A randomized, double-blind,
double-dummy, active-controlled phase 3 study investigated the longterm safety and efﬁcacy of subcutaneous (SC) tanezumab versus oral
nonsteroidal anti-inﬂammatory drugs (NSAIDs) in patients with hip or
knee OA (NCT02528188). Here we examine the incidence of long-term
joint safety and neurologic events in select subgroups of patients
treated in this phase 3 study.
Methods: Eligible patients were aged 18 years with a body mass index
(BMI) 39 kg/m2 and had radiographically-conﬁrmed OA (KellgrenLawrence grade 2) of the hip or knee; baseline Western Ontario and
McMaster Universities OA Index (WOMAC*) Pain and Physical Function
subscale scores 5; baseline Patient’s Global Assessment of OA of “fair”,
“poor”, or “very poor”; a history of inadequate pain relief with acetaminophen; and inadequate pain relief with/intolerance to/contraindication to tramadol or opioids or an unwillingness to take opioids.
Patients were on a qualifying, stable dose of NSAID 30 days before
screening. Patients were randomized to receive SC tanezumab (2.5 mg
or 5 mg every 8 weeks) þ oral placebo matching the NSAID the patient
received during screening, or oral NSAID (twice daily) þ SC placebo
matching tanezumab for 56 weeks, followed by a 24-week safety follow-up period.
Adverse events (AEs) were monitored during the treatment and safety
follow-up periods. The incidence of joint and neurologic safety endpoints of interest were summarized by patient subgroups consisting of
gender (female or male), age (<65 or 65 years), BMI (<25, 25 to <30,
30 to <35, or 35 kg/m2), race (White, Black, or Asian/Other), ethnicity
(Hispanic or non-Hispanic), and history of diabetes (yes or no). Joint
safety endpoints included the primary composite joint safety endpoint
(adjudicated rapidly progressive osteoarthritis [RPOA] type 1 or 2,
subchondral insufﬁciency fracture, primary osteonecrosis, pathologic
fracture), RPOA type 1, RPOA type 2, and total joint replacements.
Neurologic safety endpoints of interest included 27 pre-speciﬁed
abnormal peripheral sensation (APS) AEs and neurologic diagnoses by a

No association
No association

No association
No association

Osteoarthritis
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blinded external expert neurologist in patients with AEs requiring
consultation.
Results: A total of 2996 patients (tanezumab 2.5 mg: n¼1002; tanezumab 5 mg: n¼998; NSAID: n¼996) were randomized and treated
with 1 SC dose and are included in this analysis. In the overall population, 65.2% were female, 70.0% white, and 18.4% Hispanic; 66.3% of
patients were <65 years of age, 23.4% had a BMI 35 kg/m2, and 16.5%
had a history of diabetes.
Tanezumab compared with NSAID was associated with a higher incidence of joint safety endpoints (Tables 1-3) and APS AEs (Table 4).
Within each treatment group, the incidence of joint safety endpoints
and APS AEs was largely similar across subgroups. In 80 patients with
1 AE requiring a neurologic consultation, 70 neuropathies (mononeuropathy: n¼44; polyneuropathy: n¼8; radiculopathy: n¼18) were
diagnosed across all treatment groups (2.3%). The incidence of any of
these diagnoses did not vary substantially between subgroups.
*© 1996 Nicholas Bellamy. WOMAC® is a registered trademark of
Nicholas Bellamy (CDN, EU, USA).
Disclosures: The study was sponsored by Pﬁzer and Eli Lilly and
Company. Medical writing support was provided by Emily Balevich of
Engage Scientiﬁc Solutions and funded by Pﬁzer and Eli Lilly and
Company.
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Results, however, should be interpreted with caution as the sample
sizes of some subgroups were too small to draw deﬁnitive conclusions.
PRESENTATION NUMBER: 299
PAIN REDUCTION IN EITHER THE KNEE OR THE HIP WITH
SUBCUTANEOUS TANEZUMAB: A POOLED ANALYSIS IN PATIENTS
WITH MODERATE TO SEVERE OSTEOARTHRITIS AND A HISTORY OF
INADEQUATE RESPONSE TO OTHER ANALGESICS
M. Hochberg 1, P. Conaghan 2, R. Yang 3, S. Donevan 3, C. West 4,
K.M. Verburg 4. 1 Univ. of Maryland Sch. of Med., Baltimore, MD, USA;
2
Univ. of Leeds, Leeds, United Kingdom; 3 Pﬁzer Inc., New York City, NY,
USA,; 4 Pﬁzer Inc., Groton, CT, USA

Conclusions: Tanezumab resulted in more joint safety and APS events
than NSAID in a dose-dependent manner. Within each treatment group,
the incidence of these events was largely similar across subgroups. In
particular, older age, higher BMI, and a history of diabetes did not
appear to increase the risk of joint safety or neurologic events. These

Purpose: Tanezumab, a monoclonal antibody against nerve growth
factor, demonstrated efﬁcacy in 2 recently completed placebo-controlled clinical trials that enrolled patients with moderate-to-severe
symptomatic osteoarthritis (OA) of the knee or hip and a history of
inadequate response to standard OA analgesics. We performed a posthoc analysis to assess tanezumab efﬁcacy in patients with an index joint
of the knee and, separately, an index joint of the hip.
Methods: Patient-level data were derived from 2 randomized, placebocontrolled trials of subcutaneous tanezumab (administered every 8
weeks). Both trials enrolled patients with moderate-to-severe OA, a
history of inadequate pain relief with acetaminophen, and a history of
inadequate pain relief with, or contraindication/intolerability to, oral
nonsteroidal anti-inﬂammatory drugs (NSAIDs), and either tramadol or
another opioid (or unwilling to take opioids). Study A4091056
(NCT02697773) was a 40-week (16-week treatment, 24-week safety
follow-up) study that included placebo, tanezumab 2.5 mg, and tanezumab 2.5/5 mg (2.5 mg at baseline and 5 mg at Week 8) treatment
arms. Study A4091057 (NCT02709486) was a 48-week (24-week
treatment, 24-week safety follow-up) study that included placebo,
tanezumab 2.5 mg, and tanezumab 5 mg treatment arms. In each trial,
co-primary endpoints were change from baseline to Week 16 (Study
A4091056) or Week 24 (Study A4091057) in Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC; © 1996 Nicholas
Bellamy. WOMAC® is a registered trademark of Nicholas Bellamy [CDN,
EU, USA]) Pain, WOMAC Physical Function, and Patient Global Assessment of OA scores. The current analyses compared least squares (LS)
mean change in WOMAC Pain scores in the index joint from baseline to
Week 16 for tanezumab 2.5 mg and 5 mg (patients in the 2.5/5-mg arm
of study A4091056 were included in the 5-mg group for the current
analyses) versus placebo using an analysis of covariance model with a
multiple imputation approach to missing data. Patients with an index
joint of the knee and patients with an index joint of the hip were
examined separately. Analyses were performed in the pooled
(A4091056 þ A4091057) study populations and in each study population individually.
Results: In the pooled population of patients with an index joint of the
knee, both doses of tanezumab signiﬁcantly improved pain scores
versus placebo at Week 16. LS mean (standard error [SE]) change from
baseline to Week 16 was -2.7 (0.11) for placebo (n¼434), -3.4 (0.11) for
tanezumab 2.5 mg (n¼430; P<0.0001), and -3.5 (0.11) for tanezumab 5
mg (n¼434; P<0.0001). Individual study results are shown in Table 1.
In the pooled population of patients with an index joint of the hip,
neither dose of tanezumab improved pain scores signiﬁcantly greater
than placebo at Week 16. LS mean (SE) change from baseline to Week 16
was -3.5 (1.20) for placebo (n¼79), -3.9 (1.17) for tanezumab 2.5 mg
(n¼83; P¼0.3718), and -3.7 (1.20) for tanezumab 5 mg (n¼83;
P¼0.6114). Individual study Results are shown in Table 2.
Conclusions: Among patients with moderate to severe OA and a history
of inadequate response to other analgesics, subcutaneous tanezumab
provided signiﬁcant pain relief compared with placebo in patients with
an index joint of the knee. Although improvements in pain were also
observed in patients with an index joint of the hip, these changes were
not signiﬁcantly different than placebo. These Results may reﬂect the
relatively small number of patients with index joint hip OA in each
individual study as a prior large study in patients with OA of the hip
demonstrated signiﬁcant improvement in pain with intravenous tanezumab. Adequately powered studies in patients with an index joint of
the hip would better characterize efﬁcacy of SC tanezumab in these
patients.
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Pooled Studies A4091056 and A4091057

n
WOMAC Pain score at baseline, mean (SD)
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo
Study A4091056
n
WOMAC Pain score at baseline, mean (SD)
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo
Study A4091057
n
WOMAC Pain score at baseline, mean (SD)
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo

Tanezumab
Placebo

2.5 mg

5 mg

434
6.95 (1.11)

430
6.89 (1.06)

434
6.93 (1.15)

-2.7 (0.11)
-

-3.4 (0.11)
-0.7 (-1.03, -0.40)
< 0.0001

-3.5 (0.11)
-0.8 (-1.11, -0.49)
< 0.0001

199
7.34 (1.17)

197
7.11 (1.15)

198
7.38 (1.26)

-2.97 (0.19)
-

-3.75 (0.19)
-0.78 (-1.31, -0.26)
0.0034

-3.91 (0.18)
-0.94 (-1.47, -0.42)
0.0004

235
6.62 (0.93)

233
6.71 (0.93)

236
6.56 (0.89)

-2.41 (0.14)
-

-3.04 (0.14)
-0.63 (-1.01, -0.25)
0.0011

-3.08 (0.13)
-0.67 (-1.05, -0.30)
0.0004

CI, conﬁdence interval; LS, least squares; SD, standard deviation; SE, standard error; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index

Table 1

Summary of Change in WOMAC Pain Score in Patients with an Index Joint of the Knee
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Tanezumab
Placebo

2.5 mg

5 mg

79
6.71 (1.01)

83
6.75 (1.07)

83
6.90 (1.04)

-3.5 (1.20)
-

-3.9 (1.17)
-0.3 (-1.09, 0.41)
0.3718

-3.7 (1.20)
-0.2 (-0.93, 0.55)
0.6114

33
7.10 (0.98)

34
6.91 (1.19)

35
7.08 (1.21)

-2.79 (0.44)
-

-2.50 (0.46)
0.29 (-0.96, 1.54)
0.6485

-2.65 (0.43)
0.14 (-1.07, 1.34)
0.8260

46
6.43 (0.94)

49
6.64 (0.98)

48
6.78 (0.89)

-3.18 (1.17)
-

-4.01 (1.12)
-0.82 (-1.74, 0.10)
0.0796

-3.63 (1.16)
-0.45 (-1.38, 0.49)
0.3508

Pooled Studies A4091056 and A4091057
n
WOMAC Pain score at baseline, mean (SD)
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo
Study A4091056
n
WOMAC Pain score at baseline, mean (SD)
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo
Study A4091057
N
Mean (SD) WOMAC Pain score at baseline
Change in WOMAC Pain score at Week 16
LS mean (SE)
LS mean (95% CI) difference from placebo
P-value vs placebo

CI, conﬁdence interval; LS, least squares; SD, standard deviation; SE, standard error; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index

Table 2

Summary of Change in WOMAC Pain Score in Patients with an Index Joint of the Hip
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PRESENTATION NUMBER: 300
POOLED ANALYSIS OF TANEZUMAB EFFICACY IN OSTEOARTHRITIS
OF DIFFERENT RADIOGRAPHIC SEVERITIES
E. Ekman 1, I. Davignon 2, A. Kivitz 3, R. Yang 4, C. Hultman 5, D. Semel 4.
1
Aiken Professional Association, Aiken, SC, USA; 2 Pﬁzer Inc., Groton, CT,
USA; 3 Altoona Arthritis and Osteoporosis, Duncansville, PA, USA; 4 Pﬁzer
Inc., New York City, NY, USA; 5 Eli Lilly & Company, Indianapolis, IN, USA
Purpose: Tanezumab, a nerve growth factor antibody, is being developed to relieve the signs and symptoms of osteoarthritis (OA). This
subgroup analysis explored the efﬁcacy of subcutaneous tanezumab in
patients with OA of different radiographic severities.
Methods: A pooled analysis of data from two phase 3, randomized,
placebo-controlled trials (NCT02697773 and NCT02709486) of subcutaneous tanezumab (2.5 or 5 mg every 8 weeks for 16 or 24 weeks; in
NCT02697773, the tanezumab 5-mg group received 2.5 mg at baseline/
5 mg at Week 8). Patients aged 18 years had moderate-to-severe
(Kellgren-Lawrence [KL] grade 2) knee or hip OA. This exploratory
post hoc analysis presents change from baseline to Week 16 in Western
Ontario and McMaster Universities (WOMAC*) Pain and Physical function subscales (indicating increasing pain or difﬁculty, respectively;
scale 0 to 10) for tanezumab vs placebo subgrouped by KL grade. Studies
were not powered for these subgroup comparisons; therefore, statistical signiﬁcance should be interpreted with caution.
Results: In the pooled population (placebo n¼124, 220, 169; tanezumab
2.5 mg n¼109, 231, 170; and tanezumab 5 mg n¼117, 226, 173),
decreases in WOMAC Pain score were similar across KL grades 2, 3, and
4 OA, respectively. Signiﬁcant improvements in WOMAC Pain scores vs
placebo (unadjusted P<0.05) were observed for both doses of tanezumab in patients with KL grade 3 or 4 OA (least squares mean [standard
error]): KL grade 3: placebo: -2.6 [0.18]; 2.5 mg: -3.0 [0.17]; 5 mg: -3.2
[0.17]; KL grade 4: placebo: -1.8 [0.23]; 2.5 mg: -3.1 [0.23]; 5 mg: -2.9
[0.23]. Results were numerically similar for those with KL grade 2 OA
(placebo: -2.9 [0.24]); 2.5 mg: -3.2 [0.26]; 5 mg: -3.5 [0.25]) but not
statistically signiﬁcant, possibly due to smaller patient numbers. Findings for WOMAC Physical function were similar to the Pain function
scores.
Conclusions: Improvements in pain and function were observed following short-term subcutaneous tanezumab treatment in patients with
knee or hip OA of different radiographic severities.
PRESENTATION NUMBER: 301
ACUTE POSTOPERATIVE PAIN AFTER TOTAL HIP AND KNEE
ARTHROPLASTY FOR OSTEOARTHRITIS DOES NOT AFFECT PAIN IN
THE FIRST YEAR AFTER SURGERY
D. Latijnhouwers 1, C. Martini 1, R. Nelissen 1, S. Verdegaal 2,
T. Vliet Vlieland 1, M. Gademan 1. 1 Leiden Univ. Med. Ctr., Leiden,
Netherlands; 2 Alrijne Hosp., Leiderdorp, Netherlands
Purpose: Although total hip and knee arthroplasties (THA/TKA) are
successful in most patients with end-stage osteoarthritis (OA), still 723% of the THA patients and 10-34% of the TKA patients report unfavorable outcomes like pain. Other medical ﬁelds have identiﬁed acute
postoperative pain as a risk factor for long-term postoperative pain.
However, the majority of THA and TKA patients experienced preoperative pain for years compared to the patients included in these
previous studies. Therefore, we investigated if acute postoperative pain
following total hip or knee arthroplasty (THA, TKA) in osteoarthritis
(OA) patients was associated with pain levels 1-year after surgery and
whether acute pain modiﬁes postoperative pain over time.
Methods: This study was part of the ongoing prospective cohort Longitudinal Leiden Orthopaedics and Outcomes of Osteoarthritis Study
(LOAS). Patients scheduled for THA or TKA, due to OA, in the Leiden
University Medical Center (LUMC) and Alrijne Hospital between June
2012 and December 2017, were deemed eligible. All patients who had
prospective in-hospital pain scores were included for the current study.
Patients’ acute pain scores were routinely collected, within 72 hours
after surgery during their hospitalization using a Numeric Rating Scale
(NRS). An average acute pain score was calculated based on the two
highest pain and afterwards categorized into ‘mild’ if NRS < 5 and
‘severe’ if NRS  5. Furthermore, preoperative pain and pain at 3 (if
THA), 6 and 12 months after surgery was measured with The Hip disability and Outcomes of Osteoarthritis Score (HOOS) or the Knee injury
and Outcomes of Osteoarthritis Score (KOOS) pain subscale (Range: 0100, ‘extreme pain’-‘no pain’). Statistical analysis: All analyses were
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performed stratiﬁed by joint. Mixed-effect-analyses with subject-speciﬁc intercepts and random effect were ﬁtted to estimate the effect of
acute postoperative pain on the development of postoperative pain
within the ﬁrst year after surgery. Additionally, an interaction term
between acute postoperative pain and time was included, to adjust for
possible differences over time after surgery. The following confounders
were included: age, sex, BMI, preoperative HOOS/KOOS pain, MCS-12,
duration of the surgery, hospitalization and type of anesthesia.
Results: A total of 193 THA (56.6% female, mean age 67 (10.4) years) and
196 TKA patients (63.3% female, mean age 66 (8.4) years) were included.
Preoperatively, THA and TKA patients reported a HOOS/KOOS pain score
of 36.7 (21.5) and 36.6 (14.7), respectively. In general, THA and TKA
patients reported less pain 1-year postoperative, compared to the
preoperative pain scores (Dpain: 49.0 (25.5) points in THA and 35.7
(14.7) points in TKA patients). Overall, 29% of THA and 51% of TKA
patients reported severe acute postoperative pain. Acute postoperative
pain did not affect postoperative pain at 3, 6 and 12 months after surgery. Severe acute pain resulted in a 2.9 point and 3.5 point decrease on
the HOOS and KOOS pain subscale, respectively, compared to mild acute
pain (THA-group: b¼-2.9 [-8.1-2.4]; TKA-group:b¼-3.5 [-8.4-1.3]).
These differences were clinically not relevant. Additionally, acute pain
also did not seem to modify postoperative pain over time, assessed with
an interaction term between acute postoperative pain and time (THAgroup with severe acute pain:b¼-5.7[-12.4-0.9] and TKA-group with
severe acute pain:b¼-5.3[-1.1-1.8]), because the course of postoperative
pain for patients with mild or severe acute pain in both THA and TKA
populations were similar.
Conclusions: About one third of THA and about half of the TKA patients
reported severe acute postoperative pain. No association between
presence or severity of acute postoperative pain and the development
of postoperative pain during the ﬁrst postoperative year was found.
These ﬁndings suggest that measures to limit acute postoperative pain
will not likely impact chronic pain and efforts should be focused elsewhere, such as reduction of preoperative pain or psychological wellbeing of the patient.
PRESENTATION NUMBER: 302
ACTIVITIES AND PARTICIPATION AFTER PRIMARY TOTAL HIP
ARTHROPLASTY POSTEROLATERAL VERSUS ANTERIOR APPROACH
D. Latijnhouwers 1, N. Laas 2, S. Verdegaal 3, R. Nelissen 1,
T. Vliet Vlieland 1, H. Kaptijn 2, M. Gademan 1. 1 Leiden Univ. Med. Ctr.,
Leiden, Netherlands; 2 Reinier Haga Orthopedisch Centrum, Zoetermeer,
Netherlands; 3 Alrijne Hosp., Leiderdorp, Netherlands
Purpose: Total hip arthroplasty (THA) is generally considered to be one
of the most successful orthopedic surgical procedures for patients with
advanced osteoarthritis (OA) of the hip. In the past decade, a shift
occurred in surgical approaches from the direct lateral and anterolateral
approaches to the posterolateral (PLA) and direct anterior approach
(DAA). Comparisons of the outcomes of the PLA and DAA approaches
have so far mainly focused on complication and hip pain and function,
showing that DAA patients have better early recovery, but similar outcomes at one year after surgery. Although it is hypothesized that
functional recovery may be faster with the DAA, comparisons of
resumption of activities of daily living and participation in society are
scarce. Furthermore, none of the studies included information on fulﬁllment of expectations on activities and participation. As a result, we
compared the outcomes regarding both surgical approaches regarding
daily activities and participation until one-year after THA.
Methods: Data from patients that were scheduled for primary THA
because of OA in two general hospitals between January 2014 and
December 2018 were extracted from the ongoing, multicenter Longitudinal Leiden Orthopaedic Outcome of Osteo-Arthritis Study (LOAS)
were obtained for this study. In one hospital only PLA was performed (n ¼
240), whereas surgeons in the other hospital exclusively used the DAA
approach (n ¼ 636). Patients completed questionnaires preoperatively, 3,
6 and 12 months after surgery. The construct ‘activities and participation’
of the International Classiﬁcation of Functioning, Disability and Health
(ICF) model was assessed with the Hip disability and Outcome of Osteoarthritis Score (HOOS) subdomains function in daily living (ADL) and
function in sport and recreation (SR). Fulﬁllment of preoperative
expectations was measured with the New York Hospital for Special Surgery Hip Replacement Expectations Survey (HSS-HRES: ‘Join recreational
activities’, ‘Social life’ and ‘Improve ability to do sports’). Furthermore,
questions on preoperative employment status (paid work: yes/no) and
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return to work after surgery were collected. Statistical analysis: We performed linear (if continuous) and logistic (if binary) mixed-effect models
including hospital as instrumental variable, performed for both the whole
population as well as stratiﬁed by preoperative employment status (paid
work yes/no). Models were adjusted for American Society of Anesthesiologists’ (ASA) and smoking status based on preoperative disbalance.
Results: In total, 240 PLA (61% female; mean age: 68 (10.0) years) and 636
DAA (62% female; mean age: 68 (9.5) years) patients were included. From
the PLA population, 58 patients (24%) were employed in comparison to
166 patients (26%) from the DAA population. Employed patients were
younger (57 versus 68 years old) and healthier (ASA III: 6% versus 12%)
compared to patient without paid work prior to surgery. In the total group,
the scores on the HOOS ADL and SR subdomains did not differ between the
two groups at any time point, with the exception of a statistically signiﬁcant difference of the HOOS ADL at 12 months in favor of the DAA
patients (12-month-FU:b:7.1; 95%CI[-1.9;-2.4]). Additionally, preoperative
expectations and their fulﬁllment were similar in both groups, expect for
the fulﬁllment of expectations on the ability to perform sports, with a 70%
lower likeliness of fulﬁllment at 6 months postoperatively among PLA
patients (OR ¼ 0.3; 95%-CI [0.2;0.7]. In the subgroup of employed patients,
PLA patients had signiﬁcantly lower HOOS ADL scores (6-month-FU: b:9.5;
95%CI[-19.0-0.1]; 12-month-FU: b:9.1; 95%CI[-18.5;0.4]) and sport and
recreation (6-month-FU: b:12.8; 95%CI[-21.4;-4.3]; 12-month-FU: b:9.1;
95%CI[-17.7;-0.5]) at 6 and 12 months after surgery. Furthermore, PLA
patients were 80% less likely to fulﬁll expectations on joining recreational
activities 6 months after surgery (OR ¼ 0.2; 95%-CI [0.1;0.7]. Moreover, the
proportion of PLA patients who had returned to work within 3 months
after surgery was lower than in DAA patients (within 3 months: 31% vs
44.6%, respectively). Whereas return to work 1-year after surgery was
similar (86.2% and 84.9%, respectively, p¼0.815).
Conclusions: In the total group of patients undergoing THA either by the
PLA or DAA, the functional recovery regarding activities and participation
in society was similar. However, in the subgroups of working patients,
resumption of recreational and sports activities, and fulﬁllment of
expectations thereof, as well as early return to work was more favorable in
the DAA group. Because an increasing number of young patients undergo
THA, gaining independence earlier and returning to work sooner are not
to be underestimated and might have socioeconomic beneﬁts.
PRESENTATION NUMBER: 303
DIAGNOSIS OF EARLY STAGE KNEE OSTEOARTHRITIS: PROBABILITY
STRATIFICATION, INTERNAL AND EXTERNAL VALIDATION; DATA
FROM THE CHECK AND OAI COHORTS
Q. Wang 1, J. Runhaar 1, M. Kloppenburg 2, M. Boers 3, J. Bijlsma 4,
S. Bierma-Zeinstra 1. , The CREDO experts group1 Erasmus Med. center,
Rotterdam, Netherlands; 2 Leiden Univ. Med. Ctr., Leiden, Netherlands;
3
Amesterdam Univ. Med. Ctr., Amsterdam, Netherlands; 4 Univ. Med. Ctr.
Utrecht, Utrecht, Netherlands
Purpose: In a recently published study, we developed two diagnostic
models for early stage knee osteoarthritis (OA), one based on baseline
clinical features alone, and one on baseline clinical and radiographic features (see Figure 1) in the CHECK cohort. In both models the outcome criterion was development of clinically relevant knee OA within 5 to 10 years,
as evaluated by clinical experts. The purpose of this study was to internally
and externally validate our models based diagnosis of early stage knee OA in
the CHECK cohort and Osteoarthritis Initiative (OAI) incident subcohort.
Methods: We used the data of knees from the CHECK cohort (a longitudinal cohort study of patients with early knee complaints in primary
care, followed for 10 years in the Netherlands) for internal validation.
Meanwhile, we selected knees (within the age range of 45 to 65 years
and with baseline Kellgren & Lawrence (KL) grade  2) from the OAI
incident subcohort (a longitudinal cohort study of patients at risk of
developing knee OA that mostly were followed for 9 years in the US) for
external validation.
We applied the two models to patient data to calculate probabilities of
early stage knee OA at baseline for all the knees. We categorized the
knees into three groups based on probability: ‘no OA’ (probability 

30%), ‘uncertain’ (probability between 30% and 70%) and ‘early stage OA’
(probability  70%). To validate the diagnosis, we obtained OA related
outcome measures at 10-year follow-up in the CHECK cohort, and at 8
to 9-year follow-up in the OAI cohort. The outcome measures included
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire scores (0-100), KL grade, KL progression, joint
space narrowing (JSN) progression, and cumulative surgery rate. Generalized estimating equation compared outcome measures between ‘no
OA’ and ‘early OA’ knees, and between ‘no OA’ and ‘uncertain’ knees. We
calculated mean differences (MD) in WOMAC scales, odds ratios (OR) in
categorical outcomes and their 95% conﬁdence intervals (CI). We used
minimally clinically important differences (MCID) for WOMAC subscores pain ¼ 9; function ¼ 6; stiffness¼ 7; and total score ¼ 7.
Results: For internal validation, 670 participants with 1042 knees were
included; 18% knees were diagnosed as ‘early stage OA’ by model 1; 19% as
‘early stage OA’ by model 2. For both model 1 and model 2, ‘early stage OA’
knees presented statistically and clinical relevantly higher WOMAC scores
(MD range from 16.3 to 20.5, all p <0.001), higher KL grade (model 1,
OR¼4.7, 95%CI, 3.0-7.2; model 2, OR¼6.7, 4.2-10.6), higher rates of JSN
progression (model 1, OR¼1.9, 95%CI, 1.1-3.3; model 2, OR¼1.7, 1.0-3.0) and
surgery than that of ‘no OA’ knees after 10 years. These outcomes were also
statistically higher for ‘uncertain’ knees compared to ‘no OA’ knees.
For external validation, 1548 participants with 2937 knees were included;
8% knees were diagnosed as ‘early stage OA’ at baseline by model 1; 11% as
‘early stage OA’ by model 2. For both model 1 and model 2, ‘early stage OA’
knees presented statistically and clinical relevantly higher WOMAC scores
(MD range from 11.1 to 14.8, all p <0.001), higher KL grade (model 1,
OR¼4.9, 95%CI, 3.1-7.3; model 2, OR¼4.3, 3.1-7.3), higher rates of KL progression (model 1, OR¼4.8, 95%CI, 3.3-7.2; model 2, OR¼4.3, 2.9-6.3) and
JSN progression (model 1, OR¼4.3, 95%CI, 2.9-6.3; model 2, OR¼4.1, 2.8-5.8)
than ‘no OA’ knees after 8-9 years. These outcomes were also statistically
higher for ‘uncertain’ knees compared to ‘no OA’ knees (see Table 1).
Conclusions: These Results support internal and external validity of the
two models based early stage knee OA diagnoses. Compared to ‘no OA’
knees, ‘early stage OA’ knees had a worse prognosis for symptoms and
structural OA features. Further studies on transforming the two models
into clinically feasible diagnostic tools and evaluating the impact of
clinical application are encouraged.
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PRESENTATION NUMBER: 304
FACTORS ASSOCIATED WITH CLINICAL AND ECONOMIC OUTCOMES
FOLLOWING TOTAL KNEE REPLACEMENT FOR PATIENTS WITH
OSTEOARTHRITIS
R.L. Robinson 1, R. Sheer 2, R. Nair 2, P.B. Schepman 3, A. Zagar 1,
E. Johnston 1, S. Thakkar 3, P. Abbott 4, J. Hall 1, A. Reiners 4. 1 Eli Lilly and
Co, Indianapolis, IN, USA; 2 Humana Hlth.care Res., Inc., Louisville, KY, USA;
3
Pﬁzer Inc., New York, NY, USA; 4 Humana Inc., Louisville, KY, USA
Purpose: Total knee replacement (TKR) is considered a deﬁnitive
treatment for osteoarthritis (OA) after other interventions have failed.
This study evaluated clinical characteristics and total healthcare
resource utilization (HCRU) relative to the timing of surgery and
examined factors associated with surgical outcomes and healthcare
costs following TKR.
Methods: Retrospective administrative claims were analyzed for
patients aged 45 to 85 years who underwent TKR between January 2015
and August 2018 with >2 claims having diagnoses of OA >45 days apart
and were continuously enrolled one year pre- and post-TKR. Patients
with rheumatoid arthritis, cancer, osteonecrosis, or fractures were
excluded. Clinical outcomes including 30-day and 90-day readmission,
surgical revisions, and complications were assessed. Economic outcomes included total direct healthcare costs one-year post-TKR
(“costs”). Descriptive analyses were used to compare clinical and HCRU
characteristics pre- and post-TKR. Factors associated with post-TKR
clinical outcomes and costs were evaluated using multivariate logistic
and linear regression models, respectively. Odds ratios and 95% conﬁdence intervals (CI) were reported for logistic models, and exponentiated estimates and 95% CI for the linear model. Covariates included
demographics, pre-TKR comorbidities, pharmacological treatments and
minimally invasive procedures.
Results: Patients (N¼30,026) were predominantly female (64.3%) with
mean (standard deviation) age of 70.3 (7.5) years and 60.3% had more
than one joint affected by OA. The top pre-TKR comorbidities associated
with pain were chronic low back pain (23.3%) and spondylosis (17.7%),
and their prevalence did not change (<1%) post-TKR. However, the
prevalence of anxiety, depression, obesity, sleep disorders, renal disease
and digestive disorders increased >5% from pre- to post-TKR. Use of
minimally invasive procedures and prescription pain medications rose
(pre-/post-TKR, 4.6%/18.0% and 87.2%/91.7%), with the highest use
observed during the initial 30 days post-TKR. The proportion of patients
with prescriptions decreased (pre-TKR/post-TKR) for non-steroidal
anti-inﬂammatory drugs (46.7%/43.3%), corticosteroids (33.5%/15.9%)
and viscosupplements (18.8%/2.0%) but increased for all other pain
medications. While the proportion of patients using opioids increased
pre-/post-TKR (57.6%/86.9%), the highest use was at <30 days post-TKR
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(80.6%) and decreased over longer timepoints (to 33.9% at 91-180 days
post-TKR), whereas use of other pain medications increased beyond the
initial 30 days post-TKR. The proportion of patients with all-cause
hospitalizations, emergency department visits, physical/occupational
therapy visits, and diagnostic tests increased from pre- to post-TKR. The
proportion of patients with unwanted TKR-related outcomes included
30-day hospital readmissions (4.0%), 90-day readmissions (8.3%), surgical revisions (2.7%), and complications (84.0%) during the one-year
follow up period. Acute post-operative pain was the most common
post-surgical complication (61.1%). Presence of pre-TKR heart-related
conditions was associated with increased chances of all negative clinical
outcomes ranging from 15.4% greater odds of post-surgical complications to 53.2% greater odds of 90-day hospital readmissions. Other preTKR factors, including spondylosis and use of selective serotonin
reuptake inhibitors increased the odds of 30-day (41.4%, 48.9%) and 90day (29.1%, 39.8%) readmissions, respectively. Pre-TKR factors that
increased the odds of surgical revisions included the presence of
osteoporosis (51.9%), heart-related conditions (27.6%), neuropathic pain
(27.0%) and sleep disorders (19.8%), as well as opioid (58.8%) and benzodiazepine (24.2%) use. Viscosupplementation prior to TKR lowered
the odds (45.3%) of surgical revision. Pre-TKR clinical factors most
strongly associated with increased costs included pregabalin use
(17.6%), falls (14.1%), and heart-related conditions (9.7%).
Conclusions: During the year following TKR, patients experienced low
rates of rehospitalizations or revisions, although many experienced
complications (primarily acute post-operative pain), increases in pain
medication use and some comorbid conditions. History of heart-related
conditions prior to TKR was associated with all clinical outcomes and
increased costs. Given this study was conducted using retrospective
claims data, a causal relationship between factors and outcomes cannot
be inferred; however, these data demonstrate potential areas for further
exploration to reduce costs and improve patient outcomes, especially
pre-TKR clinical characteristics and HCRU in the peri-operative time
period.
Disclosures: This study was conducted in partnership between Eli Lilly
and Company, Pﬁzer Inc and Humana Inc. Editorial support was provided by Neel Misra, MSc, of Engage Scientiﬁc Solutions and funded by
Pﬁzer and Eli Lilly and Company.
PRESENTATION NUMBER: 305
PATIENT-REPORTED FUNCTION AND PSYCHOLOGICAL ASPECTS, BUT
NOT OBJECTIVELY ASSESSED PHYSICAL FUNCTION, MAY IMPACT
RETURN TO SPORT WITHIN ONE YEAR FOLLOWING ANTERIOR
CRUCIATE LIGAMENT RECONSTRUCTION
€ m 1, E. Ageberg 1, C.K. Ha
€ger 2. 1 Lund Univ., Lund, Sweden;
A. Cronstro
2
Umeå Univ., Umeå, Sweden
Purpose: Anterior cruciate ligament (ACL) injury is a common sportsrelated injury with major consequences for the individual, such as
impaired physical function, decreased quality of life, failure to return to
sport and also a high risk of developing early-onset knee osteoarthritis.
The main goal of rehabilitation following an ACL reconstruction (ACLR)
is often return to sport. Despite this, many athletes never reach their
pre-injury physical activity level. The main factors contributing to a
failure of returning to sport after ACLR are however not entirely disentangled. To identify such factors is key in screening for athletes that
are challenged regarding return to sport after injury, and such knowledge would further facilitate the rehabilitation of individuals with ACLR.
The current aim was to determine how demographical and other factors
related to self-reported and objectively assessed physical function, and
also psychological aspects may be associated with failure to return to
sport within one year after ACLR.
Methods: This is an exploratory report based on preliminary crosssectional data from an ongoing longitudinal study investigating risk
factors for a second ACL injury (NCT04162613). Eighty-one individuals
(52% women, mean [sd] age 25 [5] years) who had undergone ACLR
were assessed with a comprehensive test battery for both physical
function and patient-reported outcomes (PROMs) including both psychological and physical aspects at 1 year post-ACLR. Demographic data
included sex, age and pre-injury activity level (Tegner activity scale).
Physical function assessments included two valid and reliable hop tests;
the single-leg hop for distance (SLHD) (cm) and the side-hop endurance
test (SH) (maximum jumps in 30 s), as well as isometric muscle peak
torque (Nm/kg) assessed with a handheld dynamometer during; hip
external rotation, hip extension, hip abduction, knee ﬂexion, knee
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Patient-reported outcomes

KOOS pain
KOOS symptoms
KOOS ADL
KOOS sport/rec
KOOS QoL
Global knee functiona
ACL-RSI
Fear of re-injury

Table 2

Individuals with regard to return to sport
No (n¼46) Mean (sd)

83.5
59.1
92.9
70.1
63.9
23.9
59.2
47.9

77.3
59.8
91.7
58.2
47.7
37.6
31.6
27.4

(17.7)
(9.7)
(12.8)
(25.9)
(19.8)
(22.2)
(23.7)
(32.5)

(18.2)
(13.6)
(14.2)
(26.8)
(14.2)
(22.2)
(17.2)
(25.0)

Differences between those who had returned to sport and those who had not (n¼81)

Demographics

6.3 (-1.8; 14.3)*
0.7 (-6.1; 4.7)*
1.2 (-4.9; 7.3)*
12.1 (0.2; 23.8)*
16.2 (8.1; 24.4)*
-13.7 (-23.6; -3.8)*
27.6 (18.5; 36.7)*
20.5 (7.8; 33.2)*
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Individuals with regard to return to sport

Age years
Sex n (%)
Tegner activity level before injury median (quartiles)
Physical function
LSI SLHD
LSI SH
LSI Hip external rotation peak torque
LSI Hip extension peak torque
LSI Hip abduction peak torque
LSI Knee ﬂexion peak torque
LSI Knee extension peak torque
LSI Side-bridge peak torque

Table 2

Mean diff (95%CI)

Yes (n¼35) Mean (sd)

Yes (n¼35) Mean (sd)

No (n¼46) Mean (sd)

Mean diff (95%CI)

24 (6.0)
Women: n¼19 (45%) Men: n¼16 (41%)
8 (4-9)

25 (4.6)
Women: n¼23 (55%) Men: n¼23 (59%)
9 (7-9)

1 (-3.5; 1.2)*
p-value¼0.823#
p-value¼0.226x

88.5 (14.4)
92.5 (23.3)
100.4 (23.7)
101.4 (19.8)
101.0 (19.0)
80.0 (19.5)
99.0 (18.7)
105.7 (27.6)

86.3 (16.3)
88.8 (24.0)
94.8 (21.7)
102.9 (24.3)
96.0 (11.5)
73.8 (16.4)
92.1 (18.9)
107.7 (27.0)

2.3 (- 5.1; 9.6)*
3.7 (-7.5; 14.9)*
5.6 (-5.3; 16.5)*
-1.5 (-12.3; 9.4)*
5.1 (-2.4; 12.4)*
6.2 (-2.7; 14.9)*
6.9 (-2.3; 16.1)*
-2.0 (-15.1; 11.2)*

Differences between those who had returned to sport and those who had not (n¼81)

extension and side-bridge. The Limb Symmetry Index (LSI; injured leg
divided by uninjured and multiplied by 100) was used in the analysis for
all measures of physical function. PROMs included the following questionnaires: The Knee injury and Osteoarthritis Outcome Score (KOOS),
the Global knee function (NRS-scale 0 (best) to 100 (worst)), The Psychological readiness to return to sport (ACL-RSI) and Fear of re-injury
(question 7 in the ACL-RSI; “Are you fearful of re-injuring your knee by
playing your sport?” (VAS-scale 0 (worst) to 100 (best)). Return to sport
was evaluated by the question “Have you returned to your previous sport/
activity?” (dichotomous reply (yes/no))”. The Independent T-test (continuous data), the Mann-Whitney U test (ordinal data) and the Chisquare test (dichotomous data) were used to evaluate possible differences in demographics, physical function and PROMs between those
who had returned to injury and those who had not. A mean difference
conﬁdence interval excluding 0 was considered a statistically signiﬁcant
result.
Results: Thirty-ﬁve (43%) of the participants had returned to their
previous sport at one year post-ACLR. Those who had not returned to
sport had statistically signiﬁcant worse KOOS scores (subscales sport/
recreation and quality of life), worse global knee function, lower psychological readiness to return to sport and greater fear of re-injury 1
year after ACLR compared to those who had returned (Table 1). There
were no differences in age, sex, pre-injury activity level or any of the
physical function measures between those who had returned to sport
and those who had not (Table 2).
Conclusions: Failure to return to sport within one year of ACLR was
associated with worse self-reported knee function, lower knee-related
quality of life, lower psychological readiness to return to sport and a
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greater fear of re-injury. The lack of differences in demographics and
physical function between those who had returned to sport and those
who had not, indicate that failure to return to sport within one year of
ACLR was mainly related to perceived function and psychological
aspects, regardless of sex, age, pre-injury activity level or the objectively
assessed physical function at the time. Further research addressing the
inﬂuence of psychological factors on return to sport is warranted.
Studies with larger sample sizes may also reveal if different physical
function outcomes are related to failure to return to sport within the
ﬁrst year of ACLR or in a longer perspective.
PRESENTATION NUMBER: 306
ARE OBJECTIVELY ASSESSED PHYSICAL FUNCTION OR PATIENTREPORTED OUTCOMES ASSOCIATED WITH PSYCHOLOGICAL
READINESS TO SPORT AT ONE YEAR POST ANTERIOR CRUCIATE
LIGAMENT RECONSTRUCTION
€ m 1, C.K. Ha
€ger 2, E. Ageberg 1. 1 Lund Univ., Lund, Sweden;
A. Cronstro
2
Umeå Univ., Umeå, Sweden
Purpose: Anterior cruciate ligament (ACL) injury is a major risk factor
for early-onset knee osteoarthritis in young people, with the risk being
even greater if the individuals suffer more than one ACL injury. Several
consequences, such as impaired muscle function, failure to return to
sport, decreased quality of life and fear of movement are common after
injury, and are presumably related to both physical and psychological
aspects. Greater psychological readiness to return to sport has previously been shown to play an important role for the return to sport
decision but also for a lower risk of a second ACL injury. It is, however,
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not clear if psychological readiness to return to sport is related to
objective measures of physical function or to self-reported function,
respectively, around the time of completed ACL injury rehabilitation.
Identifying factors contributing to psychological readiness may promote rehabilitation protocols targeting both physical and psychological
aspects for the individuals. Thus, the current aim was twofold: 1) to
determine possible associations between objectively assessed physical
function outcomes and psychological readiness to return to sport, and
2) to determine possible associations between patient-reported outcomes and psychological readiness to return to sport, all measured at
one year after ACL reconstruction (ACLR).
Methods: The sample so far in this explorative cross-sectional study
included the 99 ﬁrst consecutively recruited participants (51 women,
mean [sd] age 25 [5] years) from an ongoing longitudinal study investigating risk factors for second ACL injury (NCT04162613) in individuals
one year post ACLR. Psychological readiness to return to sport was
evaluated with the ACL Return to Sport after Injury scale (ACL-RSI).
Muscle function assessments included two valid and reliable hop tests;
the single-leg hop for distance (SLHD) (cm) and the side-hop (SH)
(maximum jumps in 30 s), as well as isometric peak muscle torque
assessed with a handheld dynamometer during; hip external rotation,
hip extension, hip abduction, knee ﬂexion, knee extension and sidebridge. All muscular strength measures were calculated in Newton
meter and were then normalized to body mass. The Limb Symmetry
Index (LSI; injured leg divided by uninjured and multiplied by 100) was
then calculated for all physical function measures. Patient-reported
function was evaluated with the following questionnaires; Tegner
activity level, Knee injury and Osteoarthritis Outcome Score (KOOS) and
Global knee function (NRS-scale 0-100). Pearson’s correlation coefﬁcient was used to evaluate the association between all muscle function
measures (LSI) and patient-reported outcomes and ACL RSI, respectively, except for Tegner activity scale data where Spearman’s correlation coefﬁcient was used. The following thresholds for the correlations
were applied; 0.1¼ small, 0.3¼moderate, 0.5¼large and
0.7¼very large correlation.
Results: Small to large correlations were found between worse ACL-RSI
scores and lower LSI for hip external rotation peak torque (r¼0.272,
p¼0.018), lower LSI for knee ﬂexion peak torque (r¼0.231, p¼0.046),
lower current Tegner activity level (rs ¼0.275, p¼0.006), worse KOOS
scores (subscales; pain: r¼0.286, p¼004, sport-recreation: r¼0.440,
p<0.001, quality of life: r¼0.623, p<0.001), and worse global knee
function (r¼ -0.439, p<0.001). No associations were observed between
ACL-RSI scores and the hop tests (r0.171, p0.106), peak torque during
the other muscle tests (r0.154, p0.188), pre-injury Tegner activity
level (rs ¼0.066, p¼0.518) or the other KOOS subscales (r0.195,
p0.054).
Conclusions: Both lower muscle strength and worse patient-reported
function 1 year after ACLR were associated with lower psychological
readiness to return to sport, whereas hop performance was not. The
lack of, or low, correlations between ACL-RSI and the hop tests and hip
external rotation and knee ﬂexion strength measures in the current
study, suggest that muscle function may be of less clinical relevance
than patient-reported knee function for psychological readiness to
return to sport at least when measured at 1 year after ACLR. Longitudinal empowered studies are, however, needed to fully elucidate any
potential importance of physical function outcomes on psychological
readiness to return to sport in individuals following ACLR.
PRESENTATION NUMBER: 307
LOCAL AND SYSTEMIC EFFECTS FOLLOWING INTRAARTICULAR
INJECTION OF MM-II LIPOSOMES. RESULTS FROM TWO
NONCLINICAL TOXICITY STUDIES IN RABBITS AND DOGS
G. Sarfati. Moebius Med. Inc, Tel Aviv, Israel
Purpose: MM-II is a suspension of large multilamellar liposomes
composed of two phospholipids, DMPC and DPPC, for intra-articular
administration, under development for treatment of osteoarthritic
pain. Due to their unique characteristics, MM-II liposomes are
retained on the cartilage surface, providing long-term lubrication and
leading to a reduction in wear of the cartilage. The purpose of these
preclinical studies was to evaluate the toxicity of MM-II, when
administered via intra-articular (IA) injection into the stiﬂe joint of
rabbits and dogs.
Methods: In two GLP compliant studies, Rabbits or Beagle dogs were
administered IA injection of placebo, saline or low (22 mg/kg and 20
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mg/kg for rabbits and dogs respectively), mid (44 mg/kg and 39 mg/kg
for rabbits and dogs respectively) and high (66 mg/kg and 59 mg/kg for
rabbits and dogs respectively) doses of MM-II. Animals were assessed
post dose for 4 days, 14 weeks, or 18 weeks. Assessment of toxicity was
based on mortality, clinical observations, body weight change, food
consumption, ophthalmic observations, electrocardiographic (ECG)
measurements (dogs only), and clinical and anatomic pathology. As part
of this study, blood samples were collected for toxicokinetic (TK)
evaluation and synovial ﬂuid samples were collected for clinical pathology evaluations.
Results: Rabbits: No MM-II-related mortality, MM-II-related clinical
observations; effects on qualitative food consumption; ﬁndings during
ophthalmic examinations; effects in hematology, coagulation, clinical
chemistry, or urinalysis test results; or organ weight effects or macroscopic ﬁndings were noted. MM-II related ﬁndings were limited to a
non-adverse moderate increase in body weights for the females at all
dose levels and reversible, non-adverse microscopic ﬁndings of synovial
hyperplasia and mixed cell inﬂammation in the injected stiﬂe of all
groups administered MM-II. After MM-II administration, DMPC exposure, as assessed by mean Cmax and AUC0-72, was higher than its
endogenous baseline level and the placebo and saline control groups.
After reaching Cmax, DMPC concentrations declined largely, through 144
or 552 hours post dosing. DPPC exposure was relatively similar to its
endogenous baseline level and to their levels in the placebo and saline
control groups. Dogs: No MM-II-related mortality, MM-II-related clinical observations; effects on qualitative food consumption; ﬁndings
during ophthalmic examinations; effects in hematology, coagulation,
clinical chemistry, or urinalysis test results; or organ weight effects or
macroscopic ﬁndings were noted. MM-II related ﬁndings were limited
to reversible, transient, non-adverse, minimally to mildly higher
synovial ﬂuid white and red blood cell counts and microscopic ﬁndings
of synovial hyperplasia and mixed cell inﬂammation in the injected
stiﬂe of all groups administered MM-II. After MM-II administration,
DMPC exposure as assessed by mean Cmax and AUC0-72 was higher than
its endogenous baseline levels and the placebo and saline control
groups. After reaching Cmax, mean DMPC concentrations declined
largely through 312 or 552 hours post dosing. DPPC exposure was relatively similar to its endogenous baseline level and to their levels in the
placebo and saline control groups.
Conclusions: In both studies, MM-II related ﬁndings were considered
non-adverse at all dose levels. The NOAEL was determined as 59 mg/kg
in the dogs study and 66 mg/kg in the rabbit study. Toxicokinetic
ﬁndings in both studies indicated that DMPC exposure appears to be
impacted by MM-II administration, but DPPC is not. The highest doses
employed in these studies provide a maximal local safety margin of
11.9-fold for dogs and 22.9-fold for MM-II in rabbits of the highest dose
to be administered in MM-II phase 2 clinical trial. To conclude, MM-II
was found safe with no adverse events and with a NOAEL of highest
dose employed in the study.
PRESENTATION NUMBER: 308
SAFETY OF TG-C: 12 YEARS OF FOLLOW-UP SAFETY DATA FROM
PHASE 1, PHASE 2, ONGOING PHASE 3, AND LONG TERM SAFETY
TRIALS
D. Hunter 1, A. Mobasheri 2, 3, S. Mareya 4, M. Wang 4, H. Choi 4, S. Han 4,
M. Noh 4. 1 Univ. of Sydney, St Leonards, Australia; 2 State Res. Inst. Cent.
for Innov. Med., Vilnius, Lithuania; 3 Univ. of Oulu, Oulu, Finland; 4 Kolon
TissueGene, Rockville, MD, USA
Purpose: TG-C (3:1 mixture of non-irradiated allogeneic human
chondrocytes and irradiated transduced allogeneic human GP2-293
cells over-expressing transforming growth factor-beta 1 [TGF-b1]) is a
cell-mediated gene therapy that is in clinical development for the
treatment of knee osteoarthritis (OA). The safety and efﬁcacy of a single
intra-articular injection of TG C into the knee joint have been evaluated
in a Phase 1, multicenter, single-blind, randomized, placebo-controlled,
dose escalation trial, a Phase 2, multicenter, double-blind, randomized,
placebo-controlled, ﬁxed-dose trial, and an ongoing Phase 3, multicenter, double-blind, randomized, placebo-controlled trial. The longterm safety of TG-C has also been evaluated in a subset of TG-C treated
patients from the Phase 1 and Phase 2 trials who are participating in an
observational long term safety follow-up trial (LTSFT). Adverse event
(AE) data from these trials has been analyzed to provide an assessment
of the short and long-term safety of TG-C.
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Methods: Patients received a single intra-articular injection of TG-C or
placebo in the Phase 1,or Phase 2 trial and were followed for 12 or 24
months, respectively. A subset of TG C treated patients from these trials
entered the LTSFT and will be followed monthly by clinical visit or telephone contact for up to 15 years. Patients in the ongoing Phase 3 trial
received a single intra-articular injection of TG-C or placebo and are
being followed for 24 months; the ﬁrst patients expected to complete
24 months of follow up in December 2020.
Results: A total of 9 patients were enrolled in the Phase 1 trial and
received treatment with TG-C at a dose of 3 x 106, 1 x 107, or 3 x 107
cells/joint (n¼3/dose) or placebo (n¼3), and a total of 102 patients were
enrolled in the Phase 2 trial and received treatment with TG-C at a dose
of 3 x 107 cells/joint (n¼67) or placebo (n¼35) in the Phase 2 trial. A
total of 38 patients (5 from Phase 1 and 33 from Phase 2) have participated in the LTSFT; as of 31 July 2020, mean (SD) duration of followup after TG-C injection was 9.0 (1.2) years (range, 7.8-12.3 years) for
these patients. A total of 11 patients received a single intra-articular
injection of TG-C (3 x 107 cells/joint) or placebo in the Phase 3 trial (10
patients remain in the study, and 1 subject has withdrawn); the treatment assignments for these patients remain blinded. The TG-C and
placebo treatment groups (Phase 1 and Phase 2 trials) were well balanced for sex, age, race, and body mass index (Table 1). The demographic characteristics of the patients in the ongoing Phase 3 trial are
comparable to those of the patients in the earlier trials.

A single intra-articular injection of TG-C was well tolerated in the Phase
1 and Phase 2 trials (Table 2). In each trial, comparable percentages of
TG C-treated and placebo-treated patients experienced at least one AE,
at least one severe AE, and at least one serious adverse event (SAE).
None of the patients in either trial experienced a treatment-related SAE,
and there were no deaths. None of the TG-C treated patients discontinued from either trial because of AEs. No discernable differences
were observed between TG-C and placebo in the type or frequency of
any AE in either the Phase 1 or Phase 2 trial (data not shown).

months (5.1 years) between injection of TG-C and the development of
the cancers.

The number of cancer-related events in TG-C-treated patients (n¼5) is
lower than the number of events that would be predicted in individuals
with similar demographics based on the data from the Surveillance
Epidemiology and End Results (SEER) 21 database. Each case was
reviewed by a medical consultant and an independent oncologist; both
concluded that the tumor ﬁndings reﬂect a variety of tumor types, with
no predominant tumor type observed; are consistent with the cancer
epidemiology in the age group of the subjects under study; and do not
establish a cancer signal for TG-C. Thus, there is no evidence to suggest
that injection of TG-C placed these individuals at increased risk of
cancer.
Conclusions: The Results of placebo-controlled trials demonstrate that
a single intra-articular injection of TG-C into the knee joint is safe and
well tolerated. Safety data from over 12 years of observational follow up
have not identiﬁed any long-term safety concerns. Collectively, these
results demonstrate that TG-C has a favorable safety proﬁle for the
treatment of OA of the knee.
PRESENTATION NUMBER: 309
THE ASSOCIATION OF CLINICAL AND STRUCTURAL KNEE
OSTEOARTHRITIS WITH PHYSICAL ACTIVITY IN THE MIDDLE-AGED
POPULATION: THE NEO STUDY
S. Terpstra. Leiden Univ. Med. Ctr., Leiden, Netherlands

At least one AE has been reported in 9 of the 11 patients (81.8%) in the
Phase 3 trial (Table 2). No treatment-related deaths have occurred; only
1 SAE has been reported. This event (worsening bilateral OA of the knee)
was not attributed to the study treatment (treatment assignment
remains blinded). At least one AE has been reported in 36 (94.7%) and at
least one SAE has been reported in 22 of the 38 patients (57.9%) who are
participating in the LTSFT (Table 2). No SAE has been attributed to prior
treatment with TG-C. One unrelated death (due to ovarian cancer; not
attributed to TG-C) has been reported. Cancer or malignant tumor
events have been reported in 5 patients (Table 3). All events occurred in
the LTSFT. The cancers in these patients were diagnosed between 25.3
and 95.0 months after injection of TG-C, for a mean duration of 61.0

Purpose: Currently, no disease modifying treatment is available for OA.
Therefore, insight in lifestyle factors that may be a target for intervention is highly warranted. Lower physical activity in knee OA has
shown to be associated with worse disease outcomes, as well as
increased cardiovascular risk and mortality. Previous studies have
shown that individuals with knee OA are less physically active. Consequently, physical activity is a potential target for interventions in knee
OA. However, most of the available ﬁndings concerning physical activity
in individuals with knee OA result from studies from the United States
of America. It is unclear how previous Results can be generalized to
other countries with different lifestyle and physical activity habits.
Therefore, we aimed to investigate the association of knee OA with
physical activity in the general middle-aged Dutch population. Moreover, we aimed to investigate the association of physical activity with
patient reported outcomes such as knee pain and function, and healthrelated quality of life in individuals with knee OA.
Methods: We used cross-sectional data from the Netherlands Epidemiology of Obesity (NEO) study, consisting of participants ages 45-65.
We excluded participants who reported to have inﬂammatory rheumatic disease or ﬁbromyalgia, and participants with missing physical
examination of the knees. Clinical knee OA was deﬁned using the
American College of Rheumatology criteria, and structural knee OA was
deﬁned on MRI in a random sample of 1,285 participants using the
modiﬁed criteria by Hunter et al.
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Age (year)
Sex (% women)
BMI (kg/m2)
Education (% high)
Ethnicity (% white)
Comorbidities (% present)
KOOS pain (median, 25th, 75th percentile)
KOOS ADL function (median, 25th, 75th percentile)
SF-36 physical component scale
SF-36 mental component scale
Total physical activity (MET hours per week) (median, 25th, 75th percentile)
Leisure time physical activity (MET hours per week) (median, 25th, 75th percentile)

Table 1

All (n ¼ 6,214)

No clinical knee OA (86%)

Clinical knee OA (14%)

55.7 (6.0)
55
26.3 (4.4)
46
95
24
100 (94;100)
100 (96;100)
53.8 (8.4)
51.2 (8.9)
118.8 (76.6;155.0)
30.0 (15.8;49.5)

55.4 (6.1)
54
26.1 (4.2)
47
95
23
100 (97;100)
100 (90;100)
54.8 (7.8)
51.1 (8.8)
118.4 (76.6;154.4)
29.0 (15.5;49.0)

57.5 (5.0)
67
27.6 (5.1)
37
94
33
83 (64;94)
87 (69;97)
47.6 (9.5)
51.6 (9.6)
123.5 (77.8;157.2)
33.2 (18.5;50.8)
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Characteristics of the weighted NEO study population

Clinical knee OA Beta (95% CI)

Total
Leisure time

Table 2
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Structural knee OA Beta (95% CI)

Crude

Adjusted

Crude

Adjusted

4.77 (-1.22;10.76)
3.38 (-0.12; 6.88)

9.60 (3.70; 15.50)
2.55 (-1.21;6.32)

-2.95 (-15.15;9.24)
3.65 (-2.96;10.25)

3.97 (-7.82;15.76)
3.45 (-3.10;9.98)

Association of clinical and structural knee OA with physical activity

Knee pain and function were assessed with the Knee injury and
Osteoarthritis Score (KOOS), and Health-Related Quality of Life (HRQoL)
with the Short Form (SF)-36. Physical activity was measured using the
Short Questionnaire to Assess Health-enhancing physical activity
(SQUASH), converted to Metabolic Equivalent of Task (MET) hours per
week. Physical activity was also measured using an accelerometer in
15% of the study participants in kJ/kg/day. To allow comparison with the
SQUASH, we converted the accelerometry data to MET-hours per week.
Linear regression analyses were used to investigate the association
between knee OA and physical activity, and between knee pain, function, and HRQoL and physical activity in individuals with (clinical and
structural) knee OA. Analyses were adjusted for age, sex, body mass
index (BMI), ethnicity, education and comorbidities. In order to account
for possible information bias commonly associated with self-reported
physical activity measures, we performed a sensitivity analysis to assess
the association between clinical knee OA and physical activity measured with accelerometry.
Results: Of 6,334 participants, (mean age 56 years, mean BMI 27 kg/m2,
55% women, as shown in table 1) clinical knee OA was deﬁned in 14%.
Structural knee OA was deﬁned in 12% of participants that underwent a
knee MRI. Clinical knee OA was associated with a mean of 9.60 (95% CI
3.70;15.50) MET hours per week more physical activity, compared to
participants without clinical knee OA, as shown in table 2. This higher
physical activity in people with clinical knee OA is approximately
equivalent to walking 30 minutes per day for most days of the week, or
one hour per week of vigorous sports. Structural knee OA was associated with a mean of 3.97 (-7.82; 15.76) MET hours per week more
physical activity, compared to those without structural knee OA. In our
sensitivity analyses we observed a similar association of clinical knee
OA with physical activity measured by accelerometry, with an on
average 2.37 (-6.05; 10.80) MET hours per week more physical activity
in participants with clinical knee OA, compared to individuals without
clinical knee OA.In the subpopulation of participants with clinical knee
OA, physical activity was not associated with knee pain, function or
HRQoL.
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Conclusions: Both clinical and structural knee OA were not associated
with lower physical activity in this middle-aged Dutch population. This
in contrast with previous research, which underscores a lack of generalizability regarding physical activity and perhaps other lifestyle
factors between populations, and stresses a need for caution when
comparing Results from different study populations.
PRESENTATION NUMBER: 310
DAILY PATTERNS OF SEDENTARY PHYSICAL ACTIVITY ASSOCIATED
WITH SELF-REPORTED OUTCOMES AMONG INDIVIDUALS WITH
OSTEOARTHRITIS
L. Arbeeva 1, J. Beauchamp 2, R.J. Cleveland 1, Y.M. Golightly 1,
D.P. Hales 1, K.D. Allen 1. 1 UNC Chapel Hill, Chapel Hill, NC, USA;
Coll. of Georgia, Augusta Univ., Augusta, GA, USA

2

Med.

Purpose: To examine the relationships of hour- and day-level sedentary
activity patterns with self-reported measures of pain, function, fatigue,
and sleep using a multilevel functional principal component analysis
technique.
Methods: Participants (N¼51) were from a trial of telephone-based
physical activity coaching for adults aged >¼ 65 years with hip or knee
OA. Self-reported information on demographic characteristics, BMI, and
comorbidities was collected at baseline. Physical activity at baseline was
assessed with a waist-worn Actigraph GT3Xþ (Pensacola, FL) accelerometer that participants were asked to wear during waking hours.
Participants with less than six valid days (8þ hours of waking wear)
were excluded from these analyses. For each hour, total minutes spent
in sedentary (<100 counts/min) activities were determined using
common-cut-points1 and converted to percent time. We explored the
patterns of sedentary activity from 8 am until 22 pm using multilevel (6
day) multidimensional (15 hours) functional principal component
analysis (mfPCA)2. mfPCA provides summarized individual patterns of
sedentary activity with 2 sets of unique personalized principal component scores: between subject (person level principal components,
PPC) and within-subject (day level principal components, dpc). Day
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level PCs are day-speciﬁc functional deviations from participant’s speciﬁc function. We then examined whether these scores were associated
with self-reported measures of pain and function (Western Ontario and
McMaster Universities Osteoarthritis Index [WOMAC] subscales), fatigue (10-point numeric rating scale), and PROMIS sleep disturbance,
collected via telephone at baseline. We developed multiple regression
models to examine associations between these measures and sedentary
activities patterns represented by the person level PCs. Univariable
mixed effects models of the ﬁrst day level principal component (dpc1)
on the ﬁrst person level score (PPC1), demographic characteristics and
all self-reported measures were ﬁt to explore whether they explain the
variability across the days. Final model retained all variables signiﬁcant
at 0.1 level.

1. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, Mcdowell
M. Physical activity in the United States measured by accelerometer. Med Sci Sport Exer. 2008;40(1):181-188.
2. Di CZ, Crainiceanu CM, Caffo BS, Punjabi NM. Multilevel Functional Principal Component Analysis. Ann Appl Stat.
2009;3(1):458-488.
Results: Participant characteristics are shown in Table 1. Figure 1 displays loadings of the ﬁrst four person-level PCs (PPCs) that explain
about 90% of participant level variation. The loadings describe how
much each hour contributes to a particular PC. The sign of loading
indicates whether a corresponding hour and a PC are positively or
negatively associated. Large loadings indicate that a particular hour has
a strong relationship to the corresponding PC. The ﬁrst eigenfunction
represents an overall shift of the mean sedentary activity (Fig1a). PPC1
captures total sedentary activity, so that participants with positive PPC1
tend to spend consistently more time being sedentary compared to the
sample average. PPC2 emphasizes variations in the morning (from 8 am
to noon). PPC3 and PPC4 parse timing of activity. Therefore, we identiﬁed participants who are 1) less sedentary from 8 am to noon and
more sedentary in the afternoon (PPC2>0, Fig1b), 2) more sedentary
upon waking up and mid-day less sedentary (PPC3>0, Fig1c), and (3)
have 2-3 hour periods of sedentary and non-sedentary activities
(PPC4>0, Fig1d). In the linear regression models, participants with
higher PPC1 (consistently sedentary) and higher PPC2 tend to have
more fatigue (p¼0.17), poorer function (p¼0.09), and worse sleep
quality (p¼0.2), Fig2. Participants with shorter but more frequent
periods of sedentary activities (PPC4>0) had slightly worse function
(p¼0.08). This behavior was not associated with fatigue and sleep
quality. “Slow morning” participants (PPC3>0) tend to have better
outcomes (not statistically signiﬁcant, Fig2) and are less sedentary
overall (correlation between PPC1 and PPC3 was -0.93, p<0.05). The
average correlation between 2 days from the same person (the proportion of variability explained by person level functional clustering)
was 30%. The ﬁrst day speciﬁc principal component (dpc1) was positive,
indicating that people loaded on that component differ across their
days. Person days with dpc1>0 correspond to more sedentary days. In
the linear mixed effects model, dpc1 was positively associated with
WOMAC function score, p¼0.01, negatively associated with PPC1, and
positively associated with the number of comorbidities. This indicates
that participants with more consistent sedentary behavior have higher
number of comorbidities and worse function.
Conclusions: In this work, we showed the use of mfPCA to parse
physical activity patterns utilizing the full spectrum and richness of
accelerometer data. Using advanced methodology, we identiﬁed groups
with different activity patterns through the day. Importantly, we
derived a numerical score speciﬁc to each participant, allowing to
establish the base for further individual level analyses. Our Results
suggest that among individuals with OA, those who are consistently
sedentary have worse function and other self-reported health measures. We found that those with less sedentary activity in the morning
were more likely to have more pain and fatigue and have worse function and sleep. Those with delayed activities tended to have better
function and were less sedentary during the day. That may suggest that
for those with OA, beginning the day more slowly can help the body
warm up and results in less pain and symptoms. Such associations
would have been missed if we study only summary statistics from
accelerometer readings.

PRESENTATION NUMBER: 311
LIKE BEING HIT BY A TRUCK; PAIN METAPHORS IN OSTEOARTHRITIS
PATIENTS’ NARRATIVES
D. Schiphof, E. Bakker, M. Veen. Erasmus MC, Rotterdam, Netherlands
Purpose: Core treatment for osteoarthritis (OA) is information, education and advice about physical activity, exercises and analgesics. The
way patients think and speak about pain and physical activity is of huge
importance for treatment. ‘New’ information that a health professional
gives needs to align with their current way of coping with and thinking
about pain and physical activity. If the information is inconsistent with
the way patients conceptualize pain for themselves, it can clash. This
clash can negatively impact treatment compliance and the communication between health professional and patient. Therefore, the aim of
the study is to gain more insight into how patient describe their pain
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with OA. Insight about the way patients speak about their condition can
be used in vocational education for health professionals to improve
communication during consultations.
Methods: We gathered narratives of people with OA using an online
questionnaire. Participants were asked to tell their story about their
experiences of living with osteoarthritis and pain. No constraints were
given in terms of word count, or other aspects, so that patients were
invited to describe what it is like to have OA on their own terms. Some
demographic questions (age, sex and durations of OA complaints), were
asked afterwards, but were not obligatory. The online questionnaire
was an open link send to several social media channels, among others
facebook groups for OA patients and OA patient associations. Data was
collected between December 2019 and May 2020.We analysed the
narratives using Discursive Psychology. We followed the cyclical
research procedure of Discursive Psychology by describing social
actions performed by participants in their narratives, and the way they
use psychological categories to describe their health condition. The
primary analysis was carried out by one researcher and supervised by
another. To increase validity of the ﬁndings, we held a data session with
four researchers. After analyzing selected fragments of the data different interpretations of the data were discussed and compared to the
initial analysis.
Results: We collected 234 stories. 217 participants also ﬁlled in the
demographic information. The mean age of these 217 participants was
61.8 years (sd 8.8), 88% of the participants was female and the mean
duration of complaints was 13 years (sd 12.8).The mean length of the
stories was 150 words, with a range of a couple of words to 575 words.
Most often used word was ‘pain’, beside ‘I’, ‘the’, ‘and’, ‘not’, ‘of’, and
‘that’. All stories were fully read and analysed. Besides narrative language and metaphors, other notable factors were fatigue, mental burden, communication with health professional, feeling misunderstood,
pain killers and good and bad days. We only focus on the narrative
language and metaphor in the current study.In analysing the ﬁgurative
language of pain, we found that the majority could be described with
three categories: a) descripting sensations, b) describing the severity of
pain and c) describing the course of pain, and a fourth category d) for
other forms of ﬁgurative language. Table 1 illustrates each category. In
the ﬁrst category, people described their pain as a feeling or the nature
of pain: ‘burning’, ‘stinging’, ‘whining’, ‘stiff’ or even more speciﬁcally
‘as if ﬁlled with sand’. In category b) the ﬁgurative language described
the severity or degree of pain. Participants described the pain as ‘in the
background’ or ‘excruciating’. In category c) metaphors or ﬁgurative
language that described the course of pain during the day were categorized. Participants described that the pain sometimes behaved as
‘waves’ or was ‘constant’. The fourth category describes some metaphors that could not be classiﬁed in the other three categories.Discourse
analysis of patient narratives showed that the participants used a lot of
ﬁgurative language and metaphors to describe their pain and living
with OA. Constant pain was described as less disabling than the intermittent pain and that an imaginary 'boundary' had to be crossed in
order to go from constant to intermittent pain and back. In addition, we
found that the use of ﬁgurative language and metaphors play an
important role in the management of pain for these participants. By
using ﬁgurative language and metaphors to describe their pain, people
with OA know what actions to perform, what effect the pain will have
on their daily life and what kind of pain to expect, as is illustrated in the

Text box 1:. Example of figurative language used for
coping with pain
"I had to learn to slow down, to take it easy in everything.
That is still difficult after many years. Keeping my limits is
also very difficult. If I do too much the pain is unbearable
and sleep is almost impossible. So my body punishes me.
You get used to some pain. What is difficult is that the pain
in my hand is not constant. With household chores the
pain comes in waves and then it becomes long-lasting
pain, which only diminishes with rest. In short, it is
important to pay attention to everything every day."
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example in textbox 1. The use of metaphors of ﬁgurative language helps
people with OA to cope with their pain and OA.
Conclusions: OA patients use pain metaphors to describe and manage
pain in their everyday life. These metaphors can be seen as ‘tools’, part
of their coping strategies. They do not just describe a state of affairs, but
also communicate something about the role of pain in the patient’s life.
If health professionals know what language, what metaphors patients
use to describe their pain, they can align their language in education
and advice (core treatment). We suggest that health professionals treat
ﬁgurative language and metaphors of patients as a resource for ﬁnding
out ‘what it is like’ for those patients to live with their health condition,
and explore the function of these metaphors as daily coping tools for
patients.

PRESENTATION NUMBER: 312
SEX DIFFERENCES IN THE RELATIONSHIP BETWEEN HEART DISEASE
RISK PROFILE AND OSTEOARTHRITIS
A.V. Perruccio 1, S. Zahid 1, C. Yip 2, J.D. Power 1, M. Canizares 1,
G.G. Heckman 3, E.M. Badley 1. 1 Schroeder Arthritis Inst., Krembil Res.
Inst., Univ. Hlth.Network, Toronto, ON, Canada; 2 Dalla Lana Sch. of Publ.
Hlth., Univ. of Toronto, Toronto, ON, Canada; 3 Sch. of Publ. Hlth.and
Hlth.System, Univ. of Waterloo, Waterloo, ON, Canada
Purpose: Studies have reported an elevated risk of heart disease (HD)
among women with osteoarthritis (OA) compared to men with OA.
While much of the association in men appears to be explained by
activity limitations and disability, this is not the case among women.
The association remains even after consideration for socioeconomic
factors and obesity. There has been speculation that low grade
inﬂammation may be an additional important factor in this association.
Metabolic and inﬂammatory factors play a role in OA, and low-grade
systemic inﬂammation can be a consequence of OA. These factors are
also recognized as risk factors or markers for HD. Therefore, systemic
metabolic and inﬂammatory factors may provide an additional link
between OA and HD. Studies assessing the OA-HD association often
adjust for age, sex, and body mass index, and in some cases, though
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variably, for systemic or metabolic conditions or factors. An implicit
assumption often made is that factors equally contribute to overall HD
risk, and equally so for women and men.
In this study, we used a population-based sample of individuals without
HD to investigate a proﬁle of HD risk factors by sex among age-matched
individuals with and without OA. A latent variable was used for overall
HD risk, where equivalent weightings were not assumed for the component variables for females and males.
Methods: Data are from cycle 1 of the Canadian Longitudinal Study on
Aging (CLSA), a national study of a representative sample of individuals aged 45-85. Respondents in the Comprehensive Cohort were
invited to attend a centre for physical examination and data on a
number of systemic metabolic and inﬂammatory heart disease risk
factors were collected, including high sensitivity C-reactive protein
(hsCRP), high density lipoprotein (HDL), triglycerides, total cholesterol,
body mass index, systolic blood pressure, Hemoglobin A1c, and
smoking history.
Analytical sample: Respondents indicated a doctor diagnosis of OA in
the knees, hips or hands. Those reporting arthritis other than OA, any
form of HD, or use of medications for HD were excluded. A 1 to 1 age
and sex non-OA match was randomly selected for every individual with
OA. Covariates: age, sex, education, household income, physical activity
score, timed-up-and-go functional test, and comorbidity count.
For descriptive purposes only, individual risk factors were categorized
as being at an elevated risk level with respect to HD risk based on
published threshold values. The proportion of elevated level for each
factor was documented for those with and without OA by sex. A latent
heart disease risk variable was developed using data on heart disease
risk factors as inputs. This latent risk variable was derived using the full
CLSA sample (i.e. without regard to HD or OA status). As differences
were found in the weighting of individual risk factors by sex, the latent
risk variable was derived separately in females and males. Latent risk
scores were standardized and categorized as lowest, mid-low, midhigh, and highest risk, based on quartiles. The associations between
latent heart disease risk categories (lowest, mid-low, mid-high, highest)
and OA were quantiﬁed using multinomial logistic regressions stratiﬁed
by sex, adjusted for covariates.
Results: The age-sex matched sample consisted of 6098 respondents
(3049 with OA). The median age was 63 years, 55.8% were female. The
proportions of males and females with and without OA having risk
factors at an elevated risk level are presented in Table 1. Overall, nearly
one-third of individuals with OA were in the highest latent HD risk
category, compared to one-ﬁfth of the age-sex matched non-OA
respondents. By sex, the proportion in the highest latent HD risk category was 9.6 percentage points greater for males with OA than agematched males without OA, and 12.2 percentage points greater among
females with OA compared to age-matched females without OA.
While body mass index was the largest contributor to the overall latent
risk score in males and females, the other systemic factors additionally
contributed independently to overall risk, but to different degrees for
males and females (Table 2). Apart from body mass index, CRP (a marker
of inﬂammation) was the predominant contributor to overall risk in
females. Among males, apart from body mass index, metabolic factors
and smoking predominated.
In the sex-stratiﬁed, age-matched regressions, OA was associated with
increased odds of higher latent HD risk (Table 3). However, the
increased odds of being in higher latent HD risk categories for those
with OA was signiﬁcant only for the highest risk category among males,
whereas the increased risk with OA was evident across all risk categories among females, increasing in magnitude with increasing latent HD
risk category (Table 3). In a sensitivity analysis, further consideration for
single-and multi-joint OA involvement showed single-joint OA was
associated only with the highest latent risk in males but in both midhigh and highest latent risk in females. Multi-joint involvement was
similarly associated with mid-high to highest latent risk in males and
females.
Conclusions: OA appears to be more strongly associated with a worse
HD risk proﬁle among females than males. Apart from the contribution
of obesity, the HD risk proﬁle among females appears to largely reﬂect
systemic inﬂammation, whereas among males, metabolic factors contribute to a greater degree. This may explain some of the noted sex
differences in HD onset in OA. Studies of individual HD risk factors in OA
are important as they may inform targeted intervention of key factors to
minimize HD comorbidity onset in OA. These ﬁndings suggest that
individual targets may differ by sex.

PRESENTATION NUMBER: 313
THE RELATIONSHIP BETWEEN SINGLE-JOINT AND MULTI-JOINT
OSTEOARTHRITIS AND HEART DISEASE RISK PROFILE
A.V. Perruccio 1, S. Zahid 1, C. Yip 2, J.D. Power 1, M. Canizares 1,
G.G. Heckman 3, E.M. Badley 1. 1 Schroeder Arthritis Inst., Krembil Res.
Inst., Univ. Hlth.Network, Toronto, ON, Canada; 2 Dallan Lana Sch. of
Publ. Hlth., Univ. of Toronto, Toronto, ON, Canada; 3 Sch. of Publ.
Hlth.and Hlth.Systems, Univ. of Waterloo, Waterloo, ON, Canada
Purpose: Evidence supports that osteoarthritis (OA) is a risk factor for
later heart disease (HD) events. There are several possible mechanisms
such as obesity is a risk factor for both conditions, and OA causes disability, which limits physical activities, which increases HD risk. Even
with these considerations, and after adjusting for socioeconomic factors, increased risk remains. There is limited understanding of the
remaining risk.
Much of the literature relating to OA considers OA of a speciﬁc joint or
OA generally, without regard to involved joints. However, there is
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increasing realization that for many OA is a multi-joint disease with
concomitant greater potential for systemic inﬂammatory and metabolic
load. Several metabolic and inﬂammatory factors are recognized as risk
factors or markers for HD risk. In this study, we use a population-based
sample of individuals without HD to investigate a proﬁle of HD risk
factors comparing age-sex matched individuals with and without OA,
and single vs. multi-joint OA.
Methods: Data are from cycle 1 of the Canadian Longitudinal Study on
Aging (CLSA), a national study of a representative sample of individuals
aged 45-85. Biologic samples were collected from the Comprehensive
Cohort as part of a physical examination. The heart disease risk factors
considered included high sensitivity C-reactive protein (hsCRP), high
density lipoprotein (HDL), triglycerides, total cholesterol, body mass
index, systolic blood pressure, hemoglobin A1c, and smoking history. A
latent heart disease risk variable was developed using these measured
risk factors as inputs. As differences were found by sex, the latent risk
variable was derived separately in females and males. Latent risk scores
were then standardized by sex and categorized as lowest, mid-low,
mid-high, and highest risk, based on quartiles.
Analytical sample: Respondents indicated a doctor diagnosis of OA in
the knees, hips or hands. Those reporting arthritis other than OA, any
form of HD, or use of medications for HD were excluded. A 1:1 age and
sex non-OA match was randomly selected for every individual with OA.
OA was characterized as single or multi-joint OA. Covariates: age, sex,
education, household income, physical activity score, timed-up-and-go
functional test, and comorbidity count.
For descriptive purposes only, individual risk factors were categorized
as being at an elevated risk level with respect to HD risk based on
published threshold values. The proportion of elevated levels for each
factor was documented across OA groups. The association between the
latent heart disease risk category (lowest/mid-low/mid-high/highest)
and a) OA overall and b) single- and multi-joint OA was quantiﬁed using
multinomial logistic regressions, adjusted for covariates.
Results: The age-sex matched sample consisted of 6098 respondents
(3049 with OA). The median age was 63 years, 55.8% were female.
Several HD risk factors, in addition to obesity, were elevated among
those with OA vs. without OA (Table 1). Individuals with OA were
more likely than non-OA individuals to have 3 or more risk factors
meeting the elevated threshold of risk for HD (24% vs. 20%). Proportions were higher for multi-joint vs single-joint OA, 29% with 3þ
elevated risk factors compared to 22% with 3þ elevated risk factors,
respectively.
Considering the overall distribution of latent HD risk categories, nearly
one-third of OA respondents were in the highest latent risk category,
compared to one-ﬁfth of the age-sex matched non-OA respondents. The
highest latent risk category was also more frequent among those with
multi-joint involvement than single-joint involvement, 38% compared
to 30%. Among non-obese individuals with OA, the proportion in the
mid-high to highest latent risk categories was 40% among those with
multi-joint involvement and 32% among those with single-joint
involvement. The age-sex matched and covariate adjusted regression
Results showed that those with OA had signiﬁcantly greater odds of
being in the mid-high and highest latent HD risk levels than those
without OA, with a signiﬁcant trend of increasing odds with increasing
quartile of latent HD risk score (Table 2). Both single-joint and multijoint OA were associated with signiﬁcantly increased odds of being in
the mid-high to highest latent risk categories compared to non-OA
(Table 2). However, the odds were signiﬁcantly greater for those with
multi-joint versus single-joint disease, and particularly for the highest
latent HD risk category: odds ratio for highest latent HD risk category
for single-joint OA was 1.65 (95% CI 1.41 - 1.94) compared to 2.60 (95% CI
2.02 - 3.35) for multi-joint OA.
Conclusions: Individuals with OA, and particularly with multi-joint
OA, had a worse overall HD risk proﬁle than age-sex matched nonOA individuals. This heightened risk remained with adjustment for
socioeconomic status, physical activity, physical function, and
presence of comorbidities. The latent risk score was higher for
those with OA, including among the non-obese, and more so for
those with multi-joint involvement. Improving overall HD riskstratiﬁcation for people with OA is important for enhanced
approaches to prevention and intervention. Findings suggest that
multi-joint involvement may be an important, easily identiﬁed, HD
risk marker in OA. An exclusive focus on individual joints in OA
care and research may limit our ability to effectively manage, treat
and understand OA.
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PRESENTATION NUMBER: 314
A PROFILE OF PATIENT RESPONSE ACROSS SURGICAL END-STAGE
HIP, KNEE AND SPINE OSTEOARTHRITIS
Y.R. Rampersaud, A.V. Perruccio, C. Veillette, R. Gandhi, M. Kapoor,
J.D. Power, K. Sundararajan, M. Canizares, J.R. Davey, J. Lau, S.J. Lewis,
D. Ogilvie-Harris, K. Syed, W. Marshall, N.M. Mahomed. Shroeder
Arthritis Inst., Krembil Res. Inst., Univ. Hlth.Network, Toronto, ON, Canada
Purpose: Orthopaedic surgical procedures for osteoarthritis (OA) are
among the most frequently performed scheduled procedures in North
America. Volumes are highest for hip and knee replacements and
lumbar spinal surgery. However, patient reported response is variable
with 10-40% of patients reporting persistent pain and subthreshold
minimal clinical improvement. Given the potential patient and economic impact, an ability to predict whether a patient will ‘respond’ to
surgery or not is of considerable interest. Unfortunately, predictive
factors have been variable across studies and limited in dimension,
making direct comparison across hip, knee and spine surgery for OA
(HKS-OA) difﬁcult. The Longitudinal Evaluation in the Arthritis Program
(LEAP) is a large prospective observational cohort study of patients
undergoing surgical intervention for HKS-OA (LEAP-OA). A bio-psychosocial prognostic framework was used to select patient factors/outcomes to proﬁle patients and recovery trajectories over a 1-year period.
This report represents the ﬁrst ‘bird’s eye view’ of congruent and contemporaneous surgical HKS-OA patient proﬁles, examining similarities
and differences across groups, and outcome response using a generic
health status outcome.
Methods: LEAP-OA recruited consecutive patients undergoing primary
hip or knee replacement for OA or decompression (with/without
fusion) surgery for back and leg symptoms due to lumbar spinal
stenosis due to facet OA from Nov 2015 to Dec 2018. All patients provided written informed consent. Eligibility criteria included 35 years
of age and English ﬂuency. Exclusion criteria included acute trauma/
injury, inﬂammatory arthritis, revision surgery. Clinical and selfreported sociodemographic, physical, mental and social health-related
data were captured pre-surgery. The generic SF-12 health measure was
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collected pre-surgery and at 3 and 12 months post-surgery. Follow-up
response rates were >80%.
Descriptive analyses assessed baseline characteristics and change in the
SF-12 physical component scores (PCS) over time across groups. The
primary outcome was the proportion of responders at 3 and 12 months
across groups achieving a minimally clinically important improvement
(MCII) using PCS (>¼4.6).
Results: There were 547 hip, 625 knee and 140 spine OA patients with
complete data. Mean ages were 65.1, 66.2, and 67.1 years, and 46.3%,
43.4% and 57.5% were female, among hip, knee and spine patients,
respectively. The proportion of patients who were overweight or obese
was highest for knee patients. Mean number of concurrent symptomatic joints were 2.3, 3.2 and 3.6 for hip, knee and spine patients,
respectively. Clinically relevant levels of pain catastrophizing were
reported by 18.8% of spine patients vs. 13.9% and 14.5% of hip and knee
patients, respectively. While mean depressive symptom scores and
anxiety scores were similar, rates of moderate/severe depressive
symptoms were somewhat higher among spine patients, and moderate/severe anxiety symptoms among knee patients (Table 1). Approximately half of spine patients, and 35.2% and 29.6% of knee and hip
patients had neuropathic pain scores indicative of possible/likely neuropathic pain using the painDETECT questionnaire. Average pain
intensity ratings were similar across groups. Pre-surgery SF-12 PCS
scores were similar across groups. Mean changes in PCS scores at 3 and
12 months post-surgery were greatest for hip patients and similar for
knee and spine patients (Table 2). The majority of improvement in PCS
scores occurred during the ﬁrst 3 months, with continuing improvement to 12 months for all groups. By 3 months, hip patients were most
likely to have achieved a SF-12 PCS MCII, and by 12 months achievement rates were 80.3%, 64.6% and 62.9% for hip, knee and spine,
respectively. Reported rates of satisfaction with surgical results and
willingness to have the surgery again were consistently high across
groups at 90% or more. By 12 months, approximately 92% of hip
patients, and 82% of knee and spine patients reported being able to cope
with their current symptom state.
Conclusions: A comprehensive set of patient and health-related factors
provided the ﬁrst opportunity to identify similarities and differences
across a contemporaneous group of SHK-OA patients. Our Results are
consistent with current literature and reﬂect that a signiﬁcant proportion of patients, especially those undergoing knee and spine surgery
for OA, do not reach a minimal response to improvement in physical
health-related quality of life, despite a very high satisfaction rate. The
baseline variables, response trajectories and rates varied between OA
groups suggesting that there may be unique prognostic factors across
groups that explain differences in responder rates. They may also represent distinct ‘classes’ of OA patients generally. Applied to the over 1.6
million inpatient spinal fusions, hip and knee replacements performed
in the US in 2014, our non-response rates translate to approximately
500,000 SHK-OA surgeries a year at cost of $10billion USD. This represents a tremendous economic argument for improved pre-operative
prognostic decision making (i.e. precision surgery). Advanced analytics
techniques are the next steps to determine predictive phenotypes and
improve point-of-care decision making.

PRESENTATION NUMBER: 315
COMORBIDITIES, IMAGING AND TREATMENT e A VALIDATION STUDY
OF SELF-REPORTED INFORMATION AND ADMINISTRATIVE DATA
FROM 38,745 PATIENTS WITH KNEE AND HIP OSTEOARTHRITIS
H. Selçuk 1, E.M. Roos 2, D.T. Gronne 2, M.T. Ernst 3, S.T. Skou 2, 4. 1 Dept. of
Physiotherapy and Rehabilitation, Marmara Univ., Istanbul, Turkey; 2 Dept.
of Sports Sci. and Clinical Biomechanics, Univ. of Southern Denmark,
Odense, Denmark; 3 Dept. of Publ. Hlth., Univ. of Southern Denmark,
Odense, Denmark; 4 Dept. of Physiotherapy and Occupational Therapy,
Næstved-Slagelse-Ringsted Hosp., Slagelse, Denmark
Purpose: Good Life with osteoArthritis in Denmark (GLA:D®) is a
nationwide program which aims to implement treatment guidelines for
knee and hip OA in clinical practice collecting self-reported information.
The purpose of this study was to examine the agreement between selfreported information obtained from patients with knee and hip
osteoarthritis (OA) in primary care against administrative data from
high quality nationwide Danish registries.
Methods: Participants referred to GLA:D® from the initiation of the
program in January 2013 until the end of December 2018 were included
in this study. Comorbid diseases were reported by the patients at the
baseline evaluation. Information about previous surgery of knee and hip
joints, prescription-based pain medication use within the last three
months and whether or not a radiograph was taken of the joint was
questioned by the treating physiotherapist at the baseline evaluation in
GLA:D®. For comparability, GLA:D® registry information was translated
into International Statistical Classiﬁcation of Diseases and Related
Health Problems (ICD-10) codes for comorbidities, web-based Health
Care Classiﬁcation (SKS) system codes for surgical procedures and
Anatomical Therapeutic Chemical (ATC) Classiﬁcation System codes for
pain medication. The personal identiﬁcation number, unique to each
person living in Denmark (CPR number), was used to link information
from GLA:D® with the nationwide Danish registries. The National
Patient Registry was used to examine the agreement for comorbidities,
radiographs and surgeries and the National Prescription Registry for
pain medication. The agreement between the GLA:D® data and registrybased data was calculated using Cohen’s Kappa (k) and percentage
agreement, both with 95% CI.
Results: Of 38,745 participants included, 27,669 (71%) were female. The
mean age of the participants was 66 (SD: 9.88, IQR: 59 - 72) years. There
was a moderate agreement between self-report and registry-based data
for previous knee surgery (kappa: 0.58, agreement: 85%) and a substantial agreement for previous hip surgery (kappa: 0.73, agreement:
97%). For previous knee surgery subgroups, kappa values ranged
between 0.05 to 0.93 and agreement ranged between 96% to 100% with
the lowest kappa value for collateral ligament surgery and the highest
kappa value for OA surgery (Table 1). For previous hip surgery subgroups, kappa values ranged between 0.17 to 0.94 and agreement was
just below 100% for all subgroups with the lowest kappa value for other
surgeries and the highest kappa value for OA surgery (Table 2). Agreement varied from 0.33 to 0.53 and 65% to 93% for pain medication with
the lowest kappa value for paracetamol and the highest kappa value for
opioids, while there was a fair agreement for radiographs (k¼0.35, 79%)
(Table 3). For comorbidities agreement varied from 0.10 to 0.69 and 72%
to 98%, with the lowest kappa value for anemia or other blood disease
and the highest kappa value for diabetes (Table 4).
Conclusions: We found a substantial agreement for previous hip surgery, and moderate agreement for previous knee surgery, but when
categorized into subgroups, the agreement ranged from slight to almost
perfect for different types of surgery. The agreement on pain medication
use ranged from fair to moderate for different types of medication.
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Danish National Patient Registry are only covering secondary health
care, while many patients with chronic conditions are primarily diagnosed and treated in primary care.

Caution should be exercised when interpreting these Results since
registry-based data do not cover over-the-counter sales. The agreement
on comorbidities ranged from slight to substantial for different types of
comorbidities, partially explained by the fact that the diagnoses in the

Comorbidities

GLA:D Data (n)

Registry Data (n)

Agreement (95% CI)

Kappa (95% CI)

High blood pressure
High cholesterol
Heart disease
Ulcers or other stomach diseases
Chronic lung disease
Diabetes
Diabetes type 1
Diabetes type 2
Kidney or liver disease
Anemia or other blood disease
Cancer
Depression
Rheumatoid arthritis
Neurological disease

11,913
467
2,565
1,678
1,986
2,030
37
251
435
382
878
1,406
1,590
1,698

6,634
130
3,351
761
2,152
1,464
57
171
412
661
4,356
222
635
1,524

74.90%
71.65%
90.14%
93.48%
93.02%
96.44%
98.32%
94.77%
98.27%
97.11%
88.50%
95.51%
95.04%
93.59%

0.41
0.19
0.42
0.12
0.42
0.69
0.42
0.57
0.34
0.10
0.27
0.11
0.27
0.33

Table 4

(74.42-75.38)
(69.27-73.95)
(89.81-90.46)
(93.20-93.75)
(92.73-93.30)
(96.22-96.65)
(97.81-98.74)
(93.95-95.52)
(98.12-98.41)
(96.92-97.29)
(88.15-88.85)
(95.28-95.73)
(94.80-95.28)
(93.32-93.86)

Osteoarthritis
andCartilage

Agreement between self-report and registry-based data for comorbidities

X-ray of most affected joint
Pain medicationa
Opioids
Paracetamol
NSAIDs

(0.40-0.42)
(0.15-0.23)
(0.40-0.43)
(0.11-0.13)
(0.41-0.44)
(0.68-0.70)
(0.38-0.45)
(0.54-0.61)
(0.33-0.35)
(0.09-0.11)
(0.26-0.27)
(0.10-0.12)
(0.26-0.28)
(0.32-0.34)

GLAD Data (n)

Registry Data (n)

Agreement (95% CI)

Kappa (95% CI)

33,374
24,983
2917
20,955
13,437

29,145
17,615
3820
13,122
8,881

79.36%
66.45%
92.56%
65.39%
74.84%

0.35
0.35
0.53
0.33
0.40

(78.95-79.76)
(65.97-66.92)
(92.30-92.82)
(64.91-65.86)
(74.41-75.27)

(0.34-0.36)
(0.34-0.36)
(0.52-0.54)
(0.32-0.33)
(0.39-0.41)

Footnote: aIncludes opioids, paracetamol and NSAIDs

Table 3

Osteoarthritis
andCartilage

Agreement for X-rays and pain medication

Hip surgery
Which surgery? (hip)
Arthroscopic surgerya
OA surgeryb
Fracture surgery
Otherc

GLAD Data (n)

Registry Data (n)

Agreement (95% CI)

Kappa (95% CI)

634

891

97.05% (96.75-97.33)

0.73 (0.71-0.74)

34
710
71
76

34
746
72
88

99.94%
99.78%
99.83%
99.65%

0.68
0.94
0.53
0.17

(99.91-99.96)
(99.73-99.82)
(99.78-99.87)
(99.58-99.71)

(0.67-0.69)
(0.93-0.95)
(0.52-0.54)
(0.16-0.18)

Footnotes: aIncludes diagnostic arthroscopy, arthroscopic surgery for femoroacetabular impingement syndrome, removal of loose bodies in hip joint, labral repair or
ligament reconstruction, partial synovectomy and microfracture surgeries; bIncludes hip resurfacing and replacement surgeries; cIncludes surgical treatment of hip
dysplasia, tenotomy and other hip surgeries

Table 3

Agreement for previous surgery of the hip joint

Osteoarthritis
andCartilage
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Knee surgery
Which surgery? (knee)
Arthroscopic surgerya
ACL reconstruction
PCL reconstruction
Collateral ligament surgery
Patellae-related surgeryb
OA surgeryc
Other

GLAD Data (n)

Registry Data (n)

Agreement (95% CI)

Kappa (95% CI)

3,127

3,065

84.99% (84.37-85.59)

0.58 (0.56-0.60)

3,012
216
23
66
145
648
391

2,481
131
5
7
46
666
1,038

96.04%
99.64%
99.94%
99.82%
99.61%
99.77%
96.79%

0.70
0.60
0.21
0.05
0.20
0.93
0.12

(95.84-96.23)
(99.58-99.70)
(99.91-99.96)
(99.77-99.86)
(99.54-99.67)
(99.72-99.82)
(96.61-96.96)

(0.69-0.71)
(0.59-0.61)
(0.21-0.22)
(0.05-0.06)
(0.19-0.21)
(0.92-0.94)
(0.11-0.12)

Footnotes: aIncludes diagnostic arthroscopy, arthroscopic meniscal surgery, removal of loose bodies in knee joint, debridement, microfracture and partial synovectomy
surgeries; bIncludes surgery for jumper's knee, patellae stabilization and other surgeries for patellae; cIncludes replacement and osteotomy surgeries

Table 1

Osteoarthritis
andCartilage

Agreement for previous surgery of the knee joint.

PRESENTATION NUMBER: 316
CAN DAILY SELF-ASSESSMENT INDUCE A LEARNING EFFECT
MITIGATING PAIN EVALUATION ERROR IN CLINICAL TRIALS?
A. Ooghe, S. Branders, A. Pereira. Tools4Patient s.a., Mont-Saint-Guibert,
Belgium
Purpose: Questionnaires assessing patients’ pain level represent the
majority of efﬁcacy endpoints in osteoarthritis (OA) randomized clinical
trials (RCTs). The intrinsic subjectivity of pain may render the evaluation
of these questionnaires difﬁcult. In turn, this could explain the high
variability observed in the treatment response in OA RCTs. Mitigation of
the the evaluation error could therefore help to increase the quality of
study data.
The primary objective of this analysis was to estimate the pain evaluation variability and its evolution over time during the course of a
clinical trial. In particular, we assessed the learning effect associated
with a daily repetition of the pain self-assessment on the evaluation
error made by the subjects. In addition, we assessed the relationship
between this daily learning effect and other pain questionnaire (Brief
Pain Inventory - Severity and its individual questions).
Overall, this analysis provides insights into the design of OA RCTs,
conﬁrming the importance of a pre-baseline run-in period for the
subjects to learn how to rate their own pain. This would allow each
subject to determine his/her own interpretation of the pain scale and to
be more consistent throughout the study. Furthermore, there would be
no longer need to exclude non-consistent subjects at baseline.
Methods: Sixty-four OA subjects (hip and knee) were enrolled and
given placebo for 12 weeks in a blinded manner. From the initial
screening visit through the ﬁnal end-of-study visit, they were asked to
assess their average pain score (APS), worst pain score (WPS) and
lowest pain score (LPS) on a daily basis. We analysed the learning effect
resulting from the daily repetition of these 3 assessments. At the ﬁve
clinic visits (screening, baseline, treatment visit 1, treatment visit 2 and
end-of-study) they were also asked to complete the short form of the
Brief Pain Inventory (BPI).
We assessed the pain evaluation variability by averaging the standard
deviation of the daily measures (APS, LPS and WPS) of each subject

Correlation

APS
WPS
LPS

Table 1

during a rolling interval of 7 days. To observe the evolution of the
evaluation error, we also computed the Pearson’s auto-correlation
between two successive days for each daily pain measure. Assuming
that the evaluation error would represent the main cause of a lower
correlation if the disease was stable, we compared the correlation
between the ﬁrst two consecutive days and the last two consecutive
days. As an equivalent error could have less impact with an increase of
the variance between the subjects, we adjusted the auto-correlation for
the variance. Similarly, a direct estimation of the evaluation error was
computed with the formula: Var(ei) ¼ Var(APSi) - Cov(APSi, APSj) where
ei is the evaluation error at day i, and APSi,j are the APS recorded at day i
or j. To avoid small daily variations, all the reported standard deviations,
correlations and errors were averaged with a Gaussian smoothing with
a standard deviation of 5 days.
To observe the relationship between this daily learning effect and other
pain-related questionnaires, we computed the adjusted auto-correlation and the associated evaluation error from one time point to another
of the BPI-Severity and its questions (BPI APS, BPI WPS, and BPI LPS).
We also estimated the evaluation error by computing the adjusted
correlations between the different pain questionnaires at each time.
Indeed we assumed that a reduction of the evaluation error would help
to increase the correlation between these questionnaires.
Results: The weekly variability of the pain evaluation by the subjects
decreased as the study progressed. Indeed, the average weekly
standard deviation of the APS, LPS and, WPS decreased signiﬁcantly
with a relative reduction of, 34.31% (p-value < 0.001), 45.84% (p-value
< 0.001) and 26.49% (p-value ¼ 0.004), respectively. This reduction of
the evaluated pain variability was also observed with a signiﬁcant
increase of the auto-correlations between two successive days for the
APS, the WPS and the LPS. After adjustment for the variance, the
increase was still signiﬁcant. The associated estimated evaluation
errors were reduced signiﬁcantly for APS, WPS and LPS. All the correlations, evaluations errors and p-values are reported in Table 1. The
evolution of the adjusted correlation of the daily APS is presented in
Figure 1.

Adjusted Correlation

Evaluation Error

Start

End

Test P-value

Start

End

Relative Reduction

Test P-value

0.603
0.672
0.794

0.870
0.879
0.913

<0.001
<0.001
0.002

0.690
0.771
0.814

0.827
0.829
0.917

51.25%
39.82%
56.25%

0.002
0.023
<0.001

Correlation and Estimated Evaluation Error Reduction for daily pain scores.
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The decrease of the variability of the pain evaluation was also
observed for the other pain assessment (BPI-Severity and its individual questions). The increase of the adjusted auto-correlation and
the decrease of the associated evaluation error were signiﬁcant for
the BPI-Severity (p-value ¼0.002) and BPI LPS (p-value <0.001).
Accordingly, the correlation between the pain-related questionnaires
also increased during the study. The adjusted correlation between
weekly APS and BPI APS, weekly WPS and BPI WPS and, weekly LPS
and BPI LPS presented a signiﬁcant increase (with p-values after
adjustment of, 0.015, 0.005 and < 0.001, respectively). The adjusted
correlation between weekly APS or weekly LPS and BPI-Severity
presented also a signiﬁcant increase (p-values were 0.002 and 0.022,
respectively).
Conclusions: The Results presented here clearly demonstrate a reduction over time of the evaluation error of daily pain measurements
(average, worst and lowest pain scores). The reduction of this evaluation error implied that the subjects were more consistent at the end of
the study in their pain evaluation. This growing consistency of the
subjects with time could be linked with a learning effect induced by
their daily pain assessment.
Furthermore, there was a signiﬁcant decrease in the evaluation error of
the other pain assessments (BPI-Severity and its questions) despite the
fact that they were assessed only ﬁve times during the study. The correlation between these assessments and the daily repeated measurements also increased signiﬁcantly.
This would suggest that the learning effect by a daily self-recording of
pain would allow an improvement of the way subjects consistently
assess their pain from one day to another and from one endpoint to
another. It emphazises the importance of a daily pain evaluation, in
particular in a run-in pre-baseline period. Based on the Results of these
analyses (Figure 1), a period of 20-40 days for daily self-recording of
pain assessment seemed to achieve a meaningful and signiﬁcant
reduction of pain evaluation error.
This increase in the evaluation performance induced by a daily pain selfassessment could allow for much better estimations of the placebo and
treatment responses without excluding any subject at baseline
PRESENTATION NUMBER: 317
DIAGNOSTIC TEST SET FOR OSTEOARTHRITIS OF THE HIP AND THE
KNEE IN PEOPLE WITH AN INTELLECTUAL DISABILITY
M. van Bruggen 1, R. Elbers 1, L. Sneep 2, D. Maes-Festen 1, A. Oppewal 1,
S. Bierma-Zeinstra 1. 1 Erasmus Univ. Med. Ctr., Rotterdam, Netherlands;
2
Ipse de Bruggen, Zoetermeer, Netherlands

S263

Purpose: People with intellectual disabilities (ID) nowadays live
longer due to improved medical care. However, they have many
health problems at a relatively young age, like poor ﬁtness, high
frailty levels and mental health problems, compared to the general
population. We also expect that osteoarthritis is a problem in
people with ID, not only because of their increasing age, but also
because of the high prevalence of risk factors such as obesity and
joint loading problems through spasticity and laxity. However,
prevalence numbers of osteoarthritis in people with ID are scarce
and we believe there might be some underdiagnosis because
diagnosing osteoarthritis is challenging in this group. For people
with ID, it is for example difﬁcult to report pain, which is one of
the main criteria for diagnosing osteoarthritis. Therefore, within this
study we will compose a test set to diagnose knee and hip osteoarthritis in people with ID (phase 1), study its feasibility and reliability (phase 2), use this test set to assess the prevalence of
osteoarthritis in older people with ID (60 years and older; phase 3),
and ﬁnally deliver recommendations about the use of this test set
in clinical practice (phase 4). In this abstract we will present Results
from phase 1.
Methods: The test set for the physical examination of osteoarthritis is
based on the American College of Rheumatology (ACR) criteria for
knee and hip osteoarthritis and the guideline for osteoarthritis of the
knee and hip of the Royal Dutch Society for Physical Therapy. The test
set was developed together with an expert panel consisting of an OA
expert (SB), a physician specialized in ID care (DM), a movement scientist (AO), and two physiotherapists (RE, LS). A standardized protocol
was developed in written form and with audiovisual instructions. This
study is part of the Healthy Ageing and Intellectual Disabilities (HA-ID)
cohort study, including three care facilities for people with ID in the
Netherlands. Within this study 1,050 older adults with ID of 50 years
and over were included at baseline in 2008 and followed over time.
Participants of this study will be screened for osteoarthritis (phase 2
and phase 3).
Results: All the components of the osteoarthritis test set for people
with ID are presented in Table 1, along with the adaptations we made
to the usual tests done in the general population. The composed test
set consists of a physical examination to test the range of motion,
tenderness of joint margins, bony enlargement and other clinical
aspects of osteoarthritis in the knee and the hip. Additional to the tests
usually done in the general population, an investigation of the laxity of
the joints is added. Instead of self-report of pain as is done in the
general population, we will use the Rotterdam Elderly Pain Observation Score (REPOS) to observe pain behavior during the physical
examination, ﬁlled out by the health professional who is doing the
physical examination. As part of the REPOS observation, a Numeric
Rating Scale will also be ﬁlled out by the professional caregiver, who
accompanies the participant during the examination. When participants understand the use of the self-report Faces Pain Scale (revised
version), this will be completed by them during the physical examination as well. To obtain information about pain behavior during daily
life movements, the REPOS observation will also be done in the home
situation during rest, standing up, and walking up and down the stairs.
In the general population the Knee injury and Osteoarthritis Outcome
Score (KOOS) and the Hip injury and Osteoarthritis Outcome Score
(HOOS) have been developed to evaluate complaints that identify
limitations and symptoms that can be associated with osteoarthritis.
Because this is a self-report tool, which is too difﬁcult for people with
ID to complete, we have rewritten these tools to be ﬁlled out by the
professional caregivers. Additionally, the Animated Activity Questionnaire (AAQ) will be ﬁlled out by the professional caregiver to see
whether the participants experience complaints due to osteoarthritis
during daily living activities. Finally, X rays of both knees and both hips
will be part of the test set to cover all the ACR criteria and to relate the
physical examination to radiological ﬁndings. All X-rays will be scored
on the separate osteoarthritis features on a 0-3 scale, and according to
the Kellgren-Lawrence scores for the tibiofemoral joint and the hip
joint.
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Conclusions: In this study we presented the test set we developed to
identify clinical and radiological aspects of osteoarthritis in people with
ID. After completing all phases of this study, we will be able to provide
clinicians with an advice on how to diagnose osteoarthritis in people
with ID.
PRESENTATION NUMBER: 318
EFFICACY AND SAFETY OF S201086/GLPG1972, AN ADAMTS-5
INHIBITOR, IN PATIENTS WITH KNEE OSTEOARTHRITIS: ROCCELLA,
A 52-WEEK, RANDOMIZED, DOUBLE-BLIND, DOSE-RANGING PHASE
2 STUDY
T.J. Schnitzer 1, M. Pueyo 2, H. Deckx 3, E. van der Aar 3, K. Bernard 2,
S. Hatch 4, M. van der Stoep 3, S. Grankov 2, D. Phung 3, O. Imbert 2,
D. Chimits 2, K. Muller 3, M. Hochberg 5, H. Bliddal 6, F. Eckstein 7, 8,
P. Conaghan 9. 1 Northwestern Ctr. for Clinical Res., Chicago, IL, USA;
2
Servier, Suresnes, France; 3 Galapagos, Mechelen, Belgium; 4 Galapagos
Inc., Waltham, MA, USA; 5 Univ. of Maryland Sch. of Med., Baltimore,
MD, USA; 6 The Parker Inst., Copenhagen, Denmark; 7 Inst. of Anatomy
and Cell Biology and Ludwig Boltzmann Inst. for Arthritis and
Rehabilitation,
Paracelsus
Med.
Univ.,
Salzburg,
Austria;
8
Chondrometrics GmbH, Ainring, Germany; 9 Sch. of Med., Univ. of
Leeds, Leeds, United Kingdom
Purpose: To date, no disease-modifying osteoarthritis drugs (DMOADs)
have been approved for the treatment of knee osteoarthritis (OA).
S201086/GLPG1972 is a potent and selective inhibitor of ADAMTS-5 (a
disintegrin and metalloproteinase with thrombospondin motif-5) in
development as a DMOAD, hypothesized to reduce cartilage loss via
inhibition of the enzymatic cleavage of aggrecan (a key component of
cartilage). S201086/GLPG1972 has been shown to reduce cartilage
degradation in preclinical models of OA. Therefore, we aimed to evaluate the efﬁcacy and safety of S201086/GLPG1972 in patients with knee
OA.
Methods: ROCCELLA was a randomized, placebo-controlled, doseranging, phase 2 study comprising a 5-week screening period, a 52week double-blind treatment period and a 2-week safety follow-up
period (ClinicalTrials.gov ID: NCT03595618). Patients aged 40-75 years
with knee OA and pain severity in the target knee of 40-90 mm on a
visual analog scale at screening and baseline were included. Target
knees had predominant medial compartment disease, with KellgrenLawrence (KL) grade 2 or 3 and OARSI medial joint space narrowing

(JSN) grade 1 or 2. Patients were randomized 1:1:1:1 to placebo or 75
mg, 150 mg or 300 mg S201086/GLPG1972 administered orally once
daily. Concomitant analgesics (non-steroidal anti-inﬂammatory drugs
and acetaminophen) were permitted. The primary endpoint was
change from baseline to week 52 in cartilage thickness of the central
medial femorotibial compartment (cMFTC) of the target knee, as
measured by quantitative magnetic resonance imaging (qMRI) and
analyzed by a central reading facility. Secondary efﬁcacy endpoints
included: change from baseline to week 52 in radiographic joint
space width of the target knee (JSW; X-ray with central readout);
patient-reported outcomes (including WOMAC scores, patient global
assessment [PGA] score and pain score, both measured by visual
analog scales); and safety outcomes. A mixed-effects model for
repeated measures (using all longitudinal observations at each postbaseline visit) was used for the primary analysis.
Results: Across 12 countries, 3319 patients were screened and 932 were
included in the study. Patients had a mean age of 62.9 years and the
majority (69.3%) were women. Baseline characteristics were similar
across study groups (Table 1). Overall, 88.8% of knees were KL grade 3 and
67.3% were OARSI medial JSN grade 2. Patients experienced substantial
cartilage loss; the mean (SD) change in cMFTC cartilage thickness was
0.12 (0.27) mm from baseline to week 52 in the placebo group. However, no statistically signiﬁcant differences between treatment groups
and placebo were observed for the primary endpoint of cMFTC cartilage
thickness loss (placebo vs 75 mg, p ¼ 0.165; vs 150 mg, p ¼ 0.939; vs 300
mg, p ¼ 0.682; Figure 1). These results were conﬁrmed by sensitivity
analyses assessing the management of missing data and delayed week 52
qMRI owing to the COVID-19 pandemic. No signiﬁcant differences
between treatment groups and the placebo group were observed at any
time point in any of the secondary endpoints, including changes in
WOMAC total score and subscores (Figure 2), radiographic JSW, PGA
score or pain score. Treatment-emergent adverse events (TEAEs) and
serious adverse events were experienced by similar proportions of
patients in the placebo and S201086/GLPG1972 groups (Table 2). The
most common TEAEs across all S201086/GLPG1972 treatment groups
were arthralgia, nasopharyngitis and fall (Table 2). Tolerability was
similar across the three S201086/GLPG1972 dose groups, with 6.8% (75
mg) to 8.6% (300 mg) of patients withdrawing from treatment owing to
TEAEs, compared with 3.8% in the placebo group.
Conclusions: The study successfully selected patients who experienced
a substantial decrease in cartilage thickness over 52 weeks; a decrease
that would be large enough to demonstrate a sizeable structural beneﬁt
of a DMOAD candidate. However, the study failed to meet its primary
endpoint (change from baseline to week 52 in cartilage thickness of the
cMFTC) and secondary endpoints, and there was no dose-response
relationship. S201086/GLPG1972 had a good safety proﬁle and was
generally well tolerated.

Figure 1 Placebo-adjusted change from baseline to week 52 in carti-

lage thickness of the central medial femorotibial compartment.
Figure shows mean and 95% conﬁdence intervals for S201086/
GLPG1972 versus placebo.

Figure 2 Change over time in WOMAC subscores. Data show mean

and standard error. W, week.
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Demographic/characteristic

Placebo
(n ¼ 234)

S201086/GLPG1972
75 mg (n ¼ 234)

S201086/GLPG1972
150 mg (n ¼ 231)

S201086/GLPG1972
300 mg (n ¼ 232)

Age (years), mean (SD)
Age (years), n (%)
40-55
55-65
 65
Women, n (%)
Race, n (%)
White
Black or African American
Asian
American Indian, native Alaskan, or native Hawaiian
or other Paciﬁc Islander
Multiple
Time since ﬁrst diagnosis (years), mean (SD)
KL grade, n (%)
2
3
4
OARSI atlas JSN grade, n (%)
0
1
2
3
Cartilage thickness in cMTFC, mean (SD)
Joint space width, mean (SD)

63.3 (7.1)
28 (12.0)
95 (40.6)
111 (47.4)
163 (69.7)

62.9 (7.5)

63.2 (7.2)

62.1 (7.4)

31 (13.2)
94 (40.2)
109 (46.6)
164 (70.1)

29 (12.6)
96 (41.6)
106 (45.9)
165 (71.4)

33 (14.2)
97 (41.6)
103 (44.2)
154 (66.1)

171 (73.1)
25 (10.7)
32 (13.7)
0

167 (71.4)
27 (11.5)
31 (13.2)
1 (0.4)

177 (76.6)
19 (8.2)
28 (12.1)
1 (0.4)

168 (72.1)
25 (10.7)
30 (12.9)
2 (0.9)

6 (2.6)
7.3 (6.7)

8 (3.4)
6.9 (6.4)

6 (2.6)
7.6 (7.4)

8 (3.4)
7.1 (7.2)

29 (12.4)
205 (87.6)
0

15 (6.4)
219 (93.6)
0

30 (13.0)
200 (86.6)
1 (0.4)

29 (12.4)
204 (87.6)
0

0
70 (29.9)
164 (70.1)
0
3.19 (0.82)
2.48 (0.86)

1 (0.4)
74 (31.6)
159 (67.9)
0
3.25 (0.76)
2.5 (0.78)

1 (0.4)
73 (31.6)
156 (67.5)
1 (0.4)
3.23 (0.76)
2.5 (0.78)

0
84 (36.1)
148 (63.5)
1 (0.4)
3.33 (0.80)
2.58 (0.84)

cMTFC, central medial femorotibial compartment; JSN, joint space narrowing; KL, Kellgren-Lawrence; SD, standard deviation.

Table 1

Baseline patient demographics and characteristics.

Events, n (%)

Placebo
(n ¼ 234)

S201086/
GLPG1972
75 mg
(n ¼ 234)

S201086/
GLPG1972
150 mg
(n ¼ 231)

S201086/
GLPG1972
300 mg
(n ¼ 232)

TEAEs
Severe TEAEs
Treatment-related TEAEs
Serious TEAEs
Serious treatment-related TEAEs
TEAEs leading to drug withdrawal
TEAEs occurring in  5% of patients
Arthralgia
Nasopharyngitis
Fall
Back pain
Headache
Hypertension
Osteoarthritis
Increased blood creatine phosphokinase
Upper respiratory tract infection
Increased gamma-glutamyltransferase

174 (74.4)
29 (12.4)
37 (15.8)
18 (7.7)
2 (0.9)
9 (3.8)

174 (74.4)
25 (10.7)
36 (15.4)
17 (7.3)
0
16 (6.8)

177 (76.6)
27 (11.7)
30 (13.0)
17 (7.4)
2 (0.9)
17 (7.4)

174 (75.0)
30 (12.9)
47 (20.3)
18 (7.8)
1 (0.4)
20 (8.6)

19 (8.1)
20 (8.5)
13 (5.6)
19 (8.1)
9 (3.8)
16 (6.8)
10 (4.3)
8 (3.4)
10 (4.3)
4 (1.7)

27 (11.5
21 (9.0)
15 (6.4)
11 (4.7)
15 (6.4)
6 (2.6)
8 (3.4)
12 (5.1)
7 (3.0)
3 (1.3)

35 (15.2)
16 (6.9)
20 (8.7)
10 (4.3)
12 (5.2)
9 (3.9)
12 (5.2)
7 (3.0)
12 (5.2)
2 (0.9)

26 (11.2)
22 (9.5)
16 (6.9)
7 (3.0)
11 (4.7)
12 (5.2)
11 (4.7)
9 (3.9)
6 (2.6)
16 (6.9)

TEAE, treatment-emergent adverse event.

Table 2

Summary of safety outcomes.

PRESENTATION NUMBER: 319
MUSCULOSKELETAL AND BIOMECHANICAL CHARACTERISTICS ARE
BETTER ASSOCIATED WITH KNEE CLINICAL CONDITION THAN
RADIOGRAPHIC SEVERITY IN OSTEOARTHRITIS PATIENTS
F. Bensalma 1, 2, N. Hagemeister 3, 2, A. Cagnin 3, 2, Y. Ouakrim 1, 2,
re 5, N. Bureau 5, M. Durand 5,
A. Fuentes 4, N. Mezghani 1, 2, M. Choinie
N. Gaudreault 6, N. Mezghani 1. 1 Ctr. de recherche LICEF, TELUQ, Montr
eal,

Osteoarthritis
andCartilage
edie (LIO),
QC, Canada; 2 Laboratoire de recherche en imagerie et orthop

Ctr. de recherche du CHUM, Montr
eal, QC, Canada; 3 Ecole
de
technologie sup
erieure, Montr
eal, QC, Canada; 4 EMOVI Inc., Montr
eal,
QC, Canada; 5 Univ. of Montreal, Montr
eal, QC, Canada; 6 Univ. of
Sherbrooke, Montr
eal, QC, Canada
Purpose: The diagnosis of knee osteoarthritis (OA) is typically well
established with a clinical evaluation and conﬁrmed with an X-Ray
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assessing the joint’ structural changes and disease progression. Guidelines also recommend taking into account mechanical factors (static and
dynamic) to better understand knee function, since they may inﬂuence
treatment outcomes. However, the relationship between clinical condition of the knee and biomechanical characteristics is not well known,
including how such information stands compared to those from other
conventional assessments, such as X-ray and physical assessment. The
aim of this study is to evaluate the associations between the knee
clinical condition assessed by patient-reported outcome measures and
parameters from three different types of assessments, namely radiographic, musculoskeletal, and biomechanical assessment in OA
patients.
Methods: This cross-sectional study was conducted on patients with
1) knee pain  4/10 on a numeric rating scale in the past 7 days, 2)
Kellgren-Lawrence (KL) radiographic OA severity grade higher than
KL2, and 3) who were not on a waiting list for knee arthroplasty.
Patients’ knee clinical condition was assessed using the Knee Injury
and Osteoarthritis Outcome Score (KOOS) questionnaire that consists
of ﬁve subscales: pain, symptoms, function in daily living (ADL),
function in sport and recreation (Sport/Rec) and knee-related quality
of life (QOL). Twenty musculoskeletal tests were performed by a
therapist, including passive ﬂexion and extension ranges of motion
(ROM), muscle strength (10 tests assessing hip, knee, and ankle),
ﬂexibility (4 tests), swelling measured by the circumference difference between knees, effusion, balance, and functional 30-second chair
stand tests (30s_CST). Finally, dynamic mechanical factors were
measured during a knee kinesiography exam with the KneeKG™
system (Emovi Inc., QC, Canada) where 70 biomechanical parameters
were extracted from 3D knee kinematic curves captured during gait
(namely in ﬂexion/extension, adduction/abduction, internal/external
tibial rotation). KOOS associations with radiographic severity grades,
musculoskeletal tests, and biomechanical parameters were assessed
using a canonical correlation analysis (CCA). CCA is a statistical multivariate method for determining the association between two sets of
variables measured on the same patients. This method is a multivariate extension of the bivariate approach, where the Pearson’s
correlation coefﬁcient r is calculated to quantify the association
between two variables. CCA consists of maximizing the Pearson's
coefﬁcient between two sets of variables. This allows calculating two
distinct types of correlations: the canonical correlations (i.e. r coefﬁcients) which quantify the global association between the two sets,
and the structural correlations (i.e. Corr coefﬁcients) which estimate
the association between a set as a whole and each variable of the
other set. This method was used to calculate r and Corr coefﬁcients
between the KOOS set (i.e. the scores on its ﬁve subscales) and all
three other data sets (i.e. KL grades, musculoskeletal tests, biomechanical parameters). These coefﬁcients were calculated considering all participants and also sub-groups dividing men and women to
assess the impact of sex.
Results: 415 participants (251 women and 164 men) were included in
this study. The mean (±standard deviation) age and body mass index
were 63.3±9.2 years and 30.3±5.6 kg/m2 respectively. The radiographic
severity grade was well distributed among patients in the cohort
(mild_KL2_n¼137, moderate_KL3_n¼149, and severe_KL4_n¼129). All
r and Corr coefﬁcients presented indicate a statistically signiﬁcant
correlation (all p<0.05). Canonical correlation coefﬁcients r between
the KOOS set and all three other data sets are presented in Table 1.
Results show that the association between KOOS and radiographic
severity grades was the weakest regardless of the sample considered
(both sexes combined and separated; all r0.23). Correlation coefﬁcients were higher between KOOS and both musculoskeletal and
biomechanical data for all samples (all r0.38). For women, the
strongest association with KOOS was with the biomechanical parameters (r¼0.50). For men, the association with KOOS was similar with
the musculoskeletal tests results and the biomechanical parameters
(r¼0.57 and r¼0.55 respectively). Structural correlation coefﬁcients
Corr between the KOOS set and each variable from all three other data
sets (i.e. 1 ordinal KL grade, 20 musculoskeletal tests, 70 biomechanical
parameters ¼ 91 variables) when including all participants are summarized in Figure 1. For clarity purpose, only variables from the
musculoskeletal and biomechanical sets which were better associated
with KOOS than the radiographic severity grade are presented. Table 2

summarize the strongest correlations (absolute coefﬁcients
jCorrj0.30) between the KOOS set and each variable from all three
other data sets for men and women separately. When including all
participants, 5 musculoskeletal and 8 biomechanical parameters were
better associated with KOOS than the radiographic severity grade
(Figure 1). The result on the 30s_CST was the parameter best associated with KOOS (Corr¼0.52). Higher KOOS was mostly associated
with greater performance on this functional test (i.e. most sit-to-stand
repetitions in 30 seconds). This was also the case with greater passive
ROM (i.e. “ﬂex_ROM”) and dynamic ﬂexion ROM (i.e. during loading
and end of push-off), and a smaller varus angle at the end of the pushoff phase (all jCorrj>0.30). When separating by sex, four of these ﬁve
parameters were also among the most associated with KOOS in
women (Table 2). The remaining parameter (passive ﬂexion ROM) was
the second most associated with KOOS for men (after the 30s_CST),
followed by a biomechanical parameter (ﬂexion angle ROM during
loading) and two additional musculoskeletal parameters (i.e. ankle
plantar ﬂexion and hip extension strengths; Table 2). Among these
best-associated parameters, the 30s_CST and the ﬂexion angle ROM
during loading were the only ones shared between men and women
sub-groups. Notably, the radiographic severity grade was more associated with KOOS in men than in women (Corr¼-0.261 vs -0.161
respectively).
Conclusions: Results suggest that musculoskeletal and biomechanical characteristics are better associated with the patient
clinical condition than radiographic severity for knee OA patients.
Differences were observed between sexes, as women’s condition was
more associated with biomechanical parameters, while men’s condition was similarly associated with musculoskeletal tests results
and biomechanical parameters. However, similarities like the performance on the 30s_CST and the role of ﬂexion angle ROM during
loading were reported. This study supports the value of adding a
biomechanical assessment to the musculoskeletal examination to
better understand the clinical state of the knee and to prioritize
which mechanical factors to be addressed to improve patient’s
condition.
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PRESENTATION NUMBER: 320
TOPICAL CHINESE PATENT MEDICINE FOR KNEE OSTEOARTHRITIS
PAIN
W. Chen 1, J. Sun 2, Y. Zhao 2, M. Song 2, Z. Xue 1, Q. Chen 3, R. Zhu 1,
Y. Jia 1, C. Wang 4. 1 The Third Afﬁliated Hosp. of Beijing Univ. of Chinese
Med., Beijing, China; 2 Wangjing Hosp., China Academy of Chinese Med.
Sci., Beijing, China; 3 Guizhou Univ. of Chinese Med., Guizhou, China;
4
Tufts Univ. Sch. of Med., Tufts Med. Ctr., Boston, MA, USA
Purpose: Topical non-steroidal anti-inﬂammatory drugs (NSAIDs) are
currently strongly recommended for individuals with osteoarthritis
(OA), according to 2019 American College of Rheumatology Guideline.
However, topical Chinese Patent Medicine (CPM), which has been
widely used to improve clinical symptoms for OA in eastern countries is
less deﬁned. A comprehensive review of the literature is an important
step for understanding its beneﬁts for OA. We systematically reviewed
the literature on the clinical efﬁcacy of topical CPM in patients with
knee OA to inform clinical practice.
Methods: We performed a comprehensive search on PubMed, Cochrane
Library, EMBASE and four universal Chinese databases (Biomedical
Databases, National Knowledge Infrastructure, Wanfang, and Chongqing VIP) and reference lists of published articles through July 2020. Knee
OA was conﬁrmed by the American College of Rheumatology criteria or

Author,
year

Na

Zhao, 2008 60

Ageb Topical CPM (Formula, Dose)c

Control Intervention

64

Yu,2009

120 53

Hu, 2011

60

Xu, 2011

100 NR

Guo, 2011

180 59

Wang,
2011
Zhang,
2011
Lv,2011

80

53

60

55

Lu, 2011

62

62

160 60
65

Fufang Nanxing Zhitong plaster,
once/2 days, for 24 hours at a time,
6 times
Xiaotongtie plaster, once/day,24
hours at a time, 8 wks
Xiaotongtie plaster, once/day, 24
hours at a time, 2 wks
Xiaotongtie plaster, once/day, 24
hours at a time, 1 wk
Xiaotongtie plaster, once/day, 24
hours at a time, 15 days
Xiaotongtie plaster, once/day, 6
hours at a time, 1 wk
Xiaotongtie plaster, once/day, 24
hours at a time, 4 wks
Xiaotongtie plaster, once/day, 24
hours at a time, 5 times
Xiaotongtie plaster, once/day, 24
hours at a time, 7 days
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the Chinese orthopedic association criteria in all studies. We included
only randomized controlled trials (RCTs) using topical CPM as the ﬁrstline treatment in adults with knee OA. To determine the effect of topical
CPM on clinical symptoms, we extracted the Visual Analogue Scale
(VAS, range 0-10) and the Western Ontario and McMaster Universities
Arthritis Index pain scores (WOMAC pain, range 0-20), where a lower
score indicates a better outcome. We also accepted the composite
outcome criteria developed by the Chinese National Institute of Rheumatology as an endpoint (total effectiveness rate, range 0-100%, higher
score ¼ better outcome), which assesses the overall pain, physical
function and wellness. Study quality was assessed in RevMan5.3 software using the Cochrane Risk of Bias Tool. The differences between
treatment groups were reported as mean change (P-value).
Results: We identiﬁed 541 potentially relevant studies. Twenty with a
total of 2395 subjects (60% female, mean age ¼ 59 years, mean pain
duration ¼ 6 years) met eligibility criteria. Table 1 summarized the
included RCTs of analgesic topical CPM on pain and function measures
(VAS, WOMAC scale and Total Effectiveness Rate). All studies were
conducted in China and published between 2010 and 2020. The mean
treatment duration was 13 days (range 5-60 days). For the treatment
groups, six topical CPM were prescribed as the ﬁrst-line treatment for
pain treatment based on the syndrome differentiation, and administration for once/2 days to three times a day for 5 days-8 weeks. The
control group treatments included oral NSAIDs (10 studies), topical
NSAIDs (7 studies), sodium hyaluronate (1 study), off-loading brace (1
study) and hot compress (1 study). Overall quality of trials was modest.
Nine studies showed signiﬁcantly improved VAS pain scores compared
to control groups (Mean Difference [MD] ¼ 0.74; 95% conﬁdence
interval, 0.60 to 0.88; p<0.01). Two studies showed signiﬁcantly
improved WOMAC pain scores compared to control (p¼0.02). Seven
studies reported a signiﬁcant improvement in overall clinical symptoms
on both pain and function (p<0.01). Minor adverse events (rash, pruritus, swelling and anaphylases) were reported in the both treatment
groups.
Conclusions: This study suggested that Chinese topical CPM is safe and
has potential beneﬁts in knee pain relief compared to standard medications. Further rigorously designed studies are warranted to understand
the analgesic effect, anti-inﬂammatory effect and the activation of blood
circulation indicated in Chinese medicine for patients with knee OA.
This study has been registered on PROSPERO (CRD42020172795).Dr.
Weiheng Chen is supported by the China Association of Traditional
Chinese Medicine (SATCM-2015-BZ402).Dr. Chenchen Wang is supported by the National Institutes of Health (K24AT007323) and in part
supported by the Rheumatology Research Foundation Innovative
Research Award.

Duration
(wks)

Outcome Measures

Effect on
Symptom(Mean or
Percentage
Improvement)d

P value

Voltaren emulsion, 3 times/day, 12 2
days

WOMAC pain

1.33 Y

< 0.05

Celecoxib tablets, 100 mg, twice/
day, 8 wks
Celecoxib capsules, 200 mg, once/
day, 2 wks
Meloxicam tablets, 7.5 mg, twice/
day, 1wk
Diclofenac tablets,75 mg, twice/day,
15 days
Dielofenac tablets, 25 mg, twice/
day, 1 wk
Diclofenac tablets, 75 mg, 1-2
times/day, 4 wks
Diclofenac tablets, 100 mg, once/
day, 5 days
Diclofenac tablets, 25 mg, 3 times/
day, 7 days

8

WOMAC Pain

0.59 Y

< 0.01

2

Chinese composite
outcome
VAS pain

Treatment effect: [90% > 0.05
vs. 86.6%
0.46 Y
< 0.05

Chinese composite
outcome
VAS pain

Treatment effect:
[91.9% vs. 78.0%
1.35 Y

Chinese composite
outcome
VAS pain

Treatment effect: [93% < 0.01
vs.56%
1.5 Y
< 0.01

Chinese composite
outcome

Treatment effect:
[86.67% vs. 84.38%

1
2
1
4
1
1

< 0.05
< 0.01

> 0.05

(continued on next page)
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Table 1 (continued )
Author,
year

Na

Ageb Topical CPM (Formula, Dose)c

Xin, 2011

200 65

Author,
year

Na

Ageb Topical CPM (Formula, Dose)c

Li, 2011

60

59

Wang 2011 51

41

Shen, 2012 100 53

Song, 2012 108 53

Li, 2013

50

Ju, 2013

103 58

Li, 2015

160 64

Chen, 2016 72

60

58

Qin, 2016

105 59

Zhang,
2017

76

57

Xiaotongtie plaster, once/day, 24
hours at a time, 5 times

Percentage Improvement)d
Xiaotongtie plaster, once/day, 24
hours at a time, 5 days
Xiaotongtie plaster, once/day, 1224 hours at a time, 1 wk
Fufang Nanxing Zhitong plaster,
once/2 days, for 24 hours at a time,
1 wk
Fufang Nanxing Zhitong plaster,
once/2 days, for 24 hours at a time,
6times
Fufang Nanxing Zhitong plaster,
once/day, for 8-12 hours at a time,
24 times
Shang Shan Hu plaster, once/day,
for 24 hours at a time
Zhentong Huoluo tincture, 10-15
min, 3 times/day, 20 days
Tongluo Qutong plaster, once/day,
for no more than 12 hours at a time,
10 days
Tongluo Qutong plaster, once/day,
for no more than 12 hours at a time,
30 days
Gu Tong plaster, once/day, for no
more than 12 hours at a time, 3 wks

Control Intervention

Duration
(wks)

Outcome Measures

Effect on
Symptom(Mean or
Percentage
Improvement)d

Indometacin cuptalam plaster,
once/day, for 24 hours
at a time, 5 times

1

Chinese composite
outcome

Treatment effect: [92% < 0.05
vs. 84%

Control Intervention

Duration
(wks)

Outcome Measures

Effect on
Symptom(Mean or

VAS pain

1.82 Y

< 0.05

Chinese composite
outcome
VAS pain

Treatment effect:
[100% vs. 79.2%
1.45 Y

< 0.01

Voltaren emulsion, 3 times/day, 12 2
days

Chinese composite
outcome

Treatment effect:
[91.07% vs. 73.08%

< 0.05

Sodium hyaluronate, once/5 days, 5 3
times

VAS pain

0.08 Y

> 0.05

Diclofenac tablets, 25-50 mg, 3
2
times/day
Voltaren emulsion, 3 times/day, 7 3
days
Diclofenac ointment, 3-4 times/day, 1
10 days

VAS pain

0.36 Y

< 0.05

Chinese composite
outcome
VAS pain

Treatment effect:
[96.25% vs. 66.25%
1.24 Y

< 0.01

Celecoxib tablets, 100 mg, twice/
day, 30 days

Chinese composite
outcome

Treatment effect:
[92.73 vs. 72.00

< 0.05

VAS pain

1.67 [

> 0.05

P value
Voltaren emulsion, 4 times/day, 5 1
days
Voltaren emulsion, 2-4times/day, 1 1
wk
Local hot compress, 15 min, 3
1
times/day, 1 wk

4

Off -Loading brace, twice/day, for 2 3
hours at a time, 3 wks

P value

< 0.05

< 0.05

a

N¼ number of patients included; b Age reported in years as a mean; C Various ingredients in topical CPM with the Chinese herbs have the analgesic effects. d Between
group comparisons. Analgesic effects: Aconite Root, Radix Angelicae dahuricae, Pricklyash Peel, Kadsura Pepper Stem,Manchurian Wildginger. Anti-inﬂammatory and
healing effects: Doubleteeth Pubescent Angilica Root, Safﬂower, Chinese Angelica, Szechuan Lovage Rhizome. Six topical CPM included Fufang Nanxing Zhitong plaster,
Xiaotongtie plaster, Shang Shan Hu plaster, Tongluo Qutong plaster, Gu Tong plaster and Zhentong Huoluo tincture.

Table 1

Twenty RCTs of Topical Chinese Patent Medicine for Knee Osteoarthritis Pain

PRESENTATION NUMBER: 321
THE ASSOCIATION OF HAND OSTEOARTHRITIS WITH SYSTEMIC
METABOLIC AND INFLAMMATORY FACTORS e A POPULATIONBASED STUDY
E.M. Badley, S. Zahid, A.V. Perruccio. Shroeder Arthritis Inst., Krembil Res.
Inst., Univ. Hlth.Network, Toronto, ON, Canada
Purpose: There is increasing interest in the role of metabolic factors in
the pathogenesis and progression of osteoarthritis (OA). This interest
was stimulated in part by the observations of an increased risk of hand
OA, a non-weight bearing joint, in obese patients. Consequently, studies
focusing on hand OA have been conducted to help separate out the
systemic effects of obesity from the over-shadowing effects of the biomechanical and biological effect of obesity in weight-bearing joints. A
number of studies have demonstrated a relationship between hand OA
and a range of systemic factors such as low and high density lipoproteins,
triglycerides, hypertension, impaired glucose tolerance, as well as other
factors such as C-reactive protein and atherosclerosis. However, only a
few of these studies accounted for the multi-joint nature of OA: individuals with hand OA often have OA at other joint sites.
The Canadian Longitudinal Study on Aging (CLSA) asked separately
about the presence of OA in the three most common joints, knee, hip and
hand, providing the opportunity to estimate the magnitude of association of systemic factors with single joint OA of the hand and hand OA in
conjunction with OA of the hip and/or knee, both weight-bearing joints.
Methods: Data are from cycle 1 of the Canadian Longitudinal Study on
Aging (CLSA), a national study of individuals aged 45-85 at baseline.
Respondents were asked separately about OA in the knees, hips, and
hands with the lead-in question “Has a doctor ever told you that you

have/”. Respondents in the Comprehensive Cohort of the CLSA
attended a study centre for physical examination which included
measures of body composition (including waist circumference) and the
collection of biologic samples. Data on a range of systemic factors were
available: high density lipoprotein (HDL), low density lipoprotein (LDL),
triglycerides, total cholesterol, systolic and diastolic blood pressure,
hemoglobin A1c (HbA1c), and high sensitivity C-reactive protein
(hsCRP). An indicator for metabolic syndrome was also derived as
having 3 of the 5 following conditions: high waist circumference
(men:>¼102 cm; women: >¼88 cm), high blood pressure (systolic:
>¼130 mmHg or diastolic >¼85 mmHg), high triglyceride (>¼1.5
mmol/L), low HDL (<1.0 mmol/L) and high HBA1c (>¼5.6%). Analysis:
Tertiles of the distribution of the metabolic and inﬂammatory factors
were determined. Descriptive analyses compared the distribution of
systemic factors between the individuals with doctor-diagnosed OA and
those without. Respondents with OA were further stratiﬁed as any hand
OA (without regard to whether hip and/or knee were involved), and a
composite OA variable: ‘hand OA alone’, hand with hip and/or knee OA,
or hip and/or knee OA only. Logistic regression analyses were carried
out to quantify the association with each of the metabolic and inﬂammatory factors with OA, any hand OA, and hand OA alone and hand OA
with hip and/or knee OA, and hip and/or knee OA only. All regressions
were adjusted for age and sex.
Results: Participants reporting arthritis other than OA and without
information on OA were excluded, giving an analytic sample of 24979.
The average age of the sample was 62.5 (SD¼10.2) years and 49.4% were
female. Overall, 25.3% of the population reported OA at any site
(n¼6330), with 15.8% reporting any hand OA (n¼2884), of whom 52.4%
reported hand OA only. Compared to those with no OA, a greater
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proportion of individuals with OA were in the higher tertile for almost
all of the systemic factors. Furthermore, among those with any hand OA
or hand with hip and/or knee OA, a greater proportion were in the
higher tertile than those with just ‘hand OA alone’ (Table 1). Findings
from logistic regression analyses showed that all systemic factors were
signiﬁcantly associated with OA. Table 2 shows the association of systemic factors with any hand OA and the composite OA variable separating out hand OA alone and other joint site combinations. Any hand
OA was signiﬁcantly associated with all variables, except total cholesterol and diastolic blood pressure. However, when ‘hand OA alone’ was
considered, the relationships with systemic factors were diminished
and the only signiﬁcant associations remaining were with triglycerides
and systolic blood pressure, and marginally with higher total cholesterol. In contrast, most associations of hand OA with hip/knee OA, and
hip and/or knee OA only were signiﬁcant.
Conclusions: The association of hand OA with systemic factors was much
reduced or non-signiﬁcant in the absence of concomitant hip and/or knee
OA. This suggests that studies speciﬁcally targeted to the association of
hand OA with systemic factors need to take into account the presence of OA
in other joints, particularly weight-bearing joints like the hip and knee.
Our ﬁndings of generally null associations for hand OA alone calls into
question conclusions about possible systemic mechanisms for OA based
on studies of undifferentiated hand OA. The lack of association of inﬂammatory and metabolic factors with ‘hand OA alone’ is also in line with our
previous ﬁndings that ‘hand OA alone’ is not associated with body mass
index once the presence of OA in other joints was taken into account.
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PRESENTATION NUMBER: 322
THE DISABILITY ASSOCIATED WITH HAND OSTEOARTHRITIS IS
SUBSTANTIAL IN A COHORT OF POST-MENOPAUSAL WOMEN (THE
QUALYOR STUDY)
M. Auroux 1, B. Merle 2, E. Fontanges 1, F. Duvert 1, E. Lespessailles 3,
R. Chapurlat 1. 1 Hospices Civils de Lyon, Lyon, France; 2 INSERM UMR
^pital E Herriot, Lyon, France; 3 Ctr. Hosp.ier
1033, Universit
e de Lyon, Ho
R
egional d’Orl
eans, Universit
e d’Orl
eans, Orleans, France
Purpose: Osteoarthritis (OA) is a highly prevalent disease and hand
osteoarthritis (HOA) is one of the most frequent forms of OA. The
prevalence is variable depending on the deﬁnition used and the population studied. It has been suggested in a few studies that disability
may be comparable to that seen in rheumatoid arthritis (RA) but few
studies have investigated disability related speciﬁcally to hand OA. As
HOA is more frequent than RA, the burden of disease could be greater.
The aim of this study was to determine the prevalence of HOA and to
systematically assess the disability associated with HOA, along with its
correlates, in a cohort of post-menopausal women, the QUALYOR study
 Osseuse Lyon Orle
ans).
(QUalite
Methods: The QUALYOR study was originally designed to assess the
performance of various imaging methods to predict osteoporotic fracture risk. At the 72-month follow-up visit of the study, we performed
hand radiographs, clinical examination assessing pain, nodes and
deformations, grip strength measurement, AUSCAN and COCHIN
questionnaires. Radiographic hand OA (RHOA) was deﬁned as at least 2
joints among 30 grading 2 or more using the Kellgren Lawrence score.
Symptomatic HOA (OA ACR) was deﬁned according ACR criteria for
hand OA. Moderate to severe symptomatic HOA was deﬁned as having
symptomatic HOA and AUSCAN total score of > 43/100 (threshold
previously identiﬁed as the level of non-acceptable disability in
HOA).Patients characteristics and Results were reported using frequencies and percentages for categorical variables and means and
standard deviations for continuous variables. Inter-reader and Intrareader reliability were evaluated using Intraclass-Correlation Coefﬁcient (ICC). Quantitative variables were compared using t-tests. We
also performed a multivariate analysis using linear regression models
including age and BMI.
Results: We have included 1189 participants. Characteristics of the
population at the time of osteoarthritis evaluation are described in
Table 1. The mean age was 71.7 years.Inter-reader reliability of radiographs reading in our study was good (ICC ¼ 0.86) and intra-reader
reliability was excellent (ICC ¼ 0.97). Prevalence : Radiographic osteoarthritis was observed among 815 out of 1189 participants (68.5%). Of
note, 194 of 815 patients (23.8%) presented at least 1 erosion on radiographs.Out of 815 patients, 482 with RHOA (59.1%) fulﬁlled ACR criteria for symptomatic hand OA (40.5% of the entire cohort). The
prevalence of symptomatic erosive osteoarthritis was 11.8% (141 out of
1189).Patients with BMI > 30kg/m2 had a relative risk of symptomatic
OA of 1.27 IC95% [1.05-1.53]. We didn’t ﬁnd an association between HOA
status and diabetes mellitus (RR 1.13 IC95%[0.97-1.32] for RHOA and RR
1.13 IC95%[0.85-1.55] for symptomatic HOA). We have found a weak
association between HOA status and hypertension (RR 1.12 IC95% [1.041.21] for RHOA and RR 1.18 [1.03-1.36] for symptomatic HOA) and
dyslipidemia (RR 1.11 IC95%[1.02-1.20] for RHOA and RR 1.19 IC95%
[1.02-1.38] for symptomatic HOA).Among the 482 symptomatic
patients, 82 (17.0%) fulﬁlled the criteria for moderate to severe symptomatic hand OA (6.8% of the entire cohort, 10.1% of women with RHOA).
Disability : The mean AUSCAN score in patients without RHOA, in
patients fulﬁlling ACR hand OA criteria and in patients with moderate to
severe HOA were respectively 11.45, 23.46 and 59.15, out of a range from
0 to 100. Differences between these were statistically signiﬁcant (p <
0.001) and persisted after adjustment for age and BMI (p < 0.001).The
mean Cochin Scores were also signiﬁcantly different across these 3
categories (p<0.001) at 19.98/90, 23.22/90 and 34.23/90 respectively.The mean Grip strength measured at the right hand (similar with the
results with left hand) was signiﬁcantly different for those 3 categories,
respectively 23.47kg, 21.46kg and 18.33kg (p < 0.05) after adjustment
for age and BMI). Boxplots in Figure 1 summarize these results.In our
cohort, two subgroups of interest seem to have a higher level of disability: erosive hand osteoarthritis and HOA involving thumb base.
Conclusions: In our cohort of post-menopausal women aged at least 55
years, we observed a high burden of disease, two thirds having RHOA,
one sixth of symptomatic patients had moderate to severe HOA related
disability and a tenth had symptomatic erosive osteoarthritis.
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Moreover, 20% of our women have a Cochin score higher than mean
Cochin scores published to date in cohorts of rheumatoid arthritis
patients.

sizes have been done to examine. The purpose of this study is to investigate the relationship between SIFK and knee osteoarthritis (knee OA).
Methods: The patients with SIFK who visited the hospital in our university during from January 2010 to June 2020 were retrospectively
examined. The inclusion criteria consisted of patients with SIFK which
was veriﬁed by MRI. A total of 95 patients aged between 43 to 84 years
of age (average age 69.9 ± 8.3 years, 66.3% of women) were included.
Patients with <6-months follow-up, secondary osteonecrosis (deﬁned
as osteonecrosis due to a result of medical treatment, radiation, or
steroid treatment), and evidence of a prior surgical procedure on MRI,
radiographs, or interview were excluded from the study. The knee joints
were examined by radiograph at the ﬁrst visit and by MRI and radiograph at the last visit or just before surgery. All radiographs and MRIs
were assessed in terms of SIFK location, meniscal tear type, meniscal
extrusion, and Kellgren-Lawrence (K/L) grade.The signiﬁcance of the
differences in the data was evaluated using the t-test. The area under
the curve (AUC), which is analogous to the area determined by the
receiver operating characteristic (ROC) curve, was estimated for the
discriminative value of the prediction models. Relative risk (RR) for a
patient undergoing surgery was calculated to evaluate the cut-off score
for MME. A p value < 0.05 was considered to be statistically signiﬁcant.
These analyses were performed using the SPSS ver.25 statistical software package (SPSS Inc., Chicago, IL, USA).
Results: The follow-up period of 95 patients was 20.4 months on
average. 88 among 95 patients (92.7%) had SIFK in the medial femoral
condyle (MFC). The severity of radiographic knee OA of the patients was
1 (1.1%) for K/L 1, 35 (31.6%) for K/L 2, 45 (47.4%) for K/L 3, and 19 (20.0%)
for K/L 4. The femoral tibial angle (FTA) was 179.4 ± 2.7 degrees on
average. MRI could be performed in 84 among 95 patients (88.4%).
When medial meniscal extrusion (MME) was deﬁned if medial meniscus was medially displaced for 3 mm or more, 76 among 95 patients
(80.0%) showed MME which was observed for 4.7 ± 1.7 mm on average.
Meniscal tear was observed in 79 among 95 patients (83.2%): 53 among
93 patients (55.8%) had posterior horn injury, 26 patients (27.4%) had
posterior root injury, and 2 patients (2.1%) had tear in other sites. 26
patients (27.4%) had remembered minor trauma history before the
onset of SIFK. During the follow-up period, 33 among 93 patients
(34.7%) underwent total knee arthroplasty or high tibial osteotomy
(mean observation period was 7.6 months). In 68 patients with K/L 2 or
3 at the ﬁrst visit, MME in the surgery group (5.0 mm) was signiﬁcantly
larger than that in the control group (4.2 mm) (p ¼ 0.044). When subjects were divided into two groups according to the presence or absence
of 5.5 mm of MME, the risk for surgery was signiﬁcantly higher in
subjects with 5.5 mm of MME than those with <5.5 mm of MME [RR:
3.6 (95%CI: 1.0-12.8, p¼0.005)].
Conclusions: SIFK was occurred frequently even in early-stage knee OA.
MME was frequently observed in subjects with SIFK. In addition, SIFK
with 5.5 mm of MME could be one of the signs for the indication of the
surgical treatment in patients with knee OA.
PRESENTATION NUMBER: 324
AN
INTERNATIONAL,
MULTI-DISCIPLINARY
DELPHI
REGARDING STATEMENTS FOR THE DEFINITION OF
OSTEOARTHRITIS

STUDY
SPINAL

H. Kaneko 1, L. Liu 1, 2, T. Aoki 2, Y. Negishi 1, M. Momoeda 1, A. Arepati 1,
J. Tomura 1, S. Wakana 1, M. Ishijima 1, 2. 1 Dept. of Med. for Orthopaedics
and Motor Organ, Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan;
2
Sportology Ctr., Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan

K. de Luca 1, A. Chiarotto 2, F. Cicuttini 3, L. Creemers 4, E. de Schepper 2,
P. Ferreira 5, N.E. Foster 6, J. Hartvigsen 7, G. Kawchuk 8, C.B. Little 5,
E. Oei 2, P. Suri 9, C. Vleggeert-Lankamp 10, S.M. Bierma-Zeinstra 2,
M.L. Ferreira 5. 1 Macquarie Univ., Sydney, Australia; 2 Erasmus MC,
Rotterdam, Netherlands; 3 Monash Univ., Melbourne, Australia; 4 UMC
Utrecht, Utrecht, Netherlands; 5 The Univ. of Sydney, Sydney, Australia;
6
Keele Univ., Keele, United Kingdom; 7 Univ. of Southern Denmark;
Nordic Inst. of Chiropractic and Clinical Biomechanics, Odense,
Denmark; 8 Univ. of Alberta, Edmonton, AB, Canada; 9 Univ. of
Washington, Seattle, WA, USA; 10 Leiden Univ. MC, Leiden, Netherlands

Purpose: Recently, spontaneous osteonecrosis of the knee joint (SONK)
has been discussed to be renamed for a subchondral insufﬁciency fracture of the knee joint (SIFK), as pathophysiology of SONK has been
revealed to be a subchondral insufﬁciency fracture which is occurred by
accumulation of mechanical stress to the subchondral bone due to
meniscal extrusion, injury, and tear regardless of the status of articular
cartilage. However, it is remained unclear for the pathophysiology and
clinical course of SIFK. Although some studies have explored the progression of SIFK to be one of the indications for conversion from conservative treatment to surgical treatment, few studies with large sample

Purpose: To obtain consensus among an international, multidisciplinary group of subject matter experts regarding statements for
structural changes and symptoms, as well as general statements on
spinal osteoarthritis, for research and clinical purposes.
Methods: After eliciting opinions from a steering committee of 15
international and multidisciplinary academics, 117 statements regarding deﬁnitions of spinal osteoarthritis for research and clinical purposes
relating to speciﬁc structural changes and symptoms, as well as general
statements on spinal osteoarthritis, were developed. In March 2020,
subject matter experts were identiﬁed through a structured Web of

PRESENTATION NUMBER: 323
ASSOCIATION BETWEEN SUBCHONDRAL INSUFFICIENCY FRACTURE
OF THE KNEE JOINT (SIFK) AND OSTEOARTHRITIS OF THE KNEE
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Science search and also recommended by the steering committee to
ensure a degree of heterogeneity across disciplines and geographic
regions. In July 2020, an invitation to participate in a three-round,
online Delphi study was sent to 255 identiﬁed subject matter experts
with expertise in back pain and/or osteoarthritis and/or spondylosis,
from 11 different professional backgrounds. In the ﬁrst round of the
Delphi, participants could propose additional statements for voting.
Each statement was rated on a 1-9 Likert scale, and consensus was a
priori set at 70% of respondents agreeing or disagreeing with the
statement, with a concurrent <15% of respondents providing the
opposite response. This study received human research ethics approval
through Macquarie University, number: 52020783517249; Project ID:
7835.
Results: Of 255 identiﬁed subject matter experts, 82 were uncontactable, leaving 173 invited to participate in the study. 116 participants
provided consent and completed the ﬁrst round (67% response rate). In
August 2020, 85 of 111 (77%) completed the second round, and in
October 2020, 87 of 101 (86%) completed the third round. In the ﬁrst
round, 14 additional statements were suggested from participants. In
round one, most participants came from Europe (30.2%), were male
(57.8%), were a physiotherapist (20.6%) and had been in their profession
for 11-20 years (35.3%). From all 131 statements, consensus in round
three was achieved on 74 statements; 56 in agreement and 18 in disagreement. From all statements, the highest consensus proportion for
agreement (98%) was for the general statement “spinal osteoarthritis
should be considered across a spectrum of structural changes AND
patient symptoms, for research purposes” and the structural statement
“severe structural spinal osteoarthritis on imaging can be present
without signiﬁcant symptoms”. The highest consensus proportion for
disagreement was for the symptomatic statement “palpable warmth is
the most important symptom for a symptomatic deﬁnition of spinal
osteoarthritis” (95%) and the structural statement “spinal radiograph is
the preferred method of imaging for facet joint changes, for research
purposes” (93%). For both structural and symptomatic spinal osteoarthritis, the consensus proportion for the statement “An internationally recognised deﬁnition of spinal osteoarthritis is important, for
research purposes”, was 97% and 95% respectively. Two of six statements regarding individual parameters of a structural deﬁnition of
spinal osteoarthritis, for clinical practice, had consensus for disagreement. Four of eight statements regarding individual parameters of a
symptomatic deﬁnition of spinal osteoarthritis had consensus (three for
agreement and one for disagreement), for both research purposes and
clinical practice. For general statements on spinal osteoarthritis, the
highest consensus proportions were “spinal osteoarthritis should be
considered a collection of different phenotypes where pathology in
some, but not necessarily all, anatomical structures is present, for
research purposes” (98%), “spinal osteoarthritis should be considered
across a spectrum of structural changes and patient symptoms, for
clinical practice” (95%) and that “separate deﬁnitions for structural and
symptomatic spinal osteoarthritis are needed, for research purposes”
(94%). For structural spinal osteoarthritis, the highest consensus proportions were for “an internationally recognised deﬁnition of structural
spinal osteoarthritis is important, for research purposes” (97%), “there
should be international agreement for a scale of severity of structural
changes of the functional spinal unit on imaging, for research purposes”
(97%) and “MRI as the preferred imaging method for intervertebral disc
changes, for research purposes” (96%). While 75% of respondents agreed
that CT-scan is the preferred method of imaging for facet joint changes,
70% also agreed that MRI is the preferred method of imaging for facet
joint changes. For symptomatic spinal osteoarthritis, the highest consensus proportions were for “having an international deﬁnition of
symptomatic spinal osteoarthritis, for research purposes” (95%),
“chronic and/or recurrent spinal pain to be considered in symptomatic
deﬁnition of spinal OA, for research purposes” (94%) and “limitations in
physical function should be considered in symptomatic deﬁnition of
spinal OA for research purposes and clinical practice” (93% and 93%).
Conclusions: An international, multidisciplinary Delphi study, including 116 subject matter experts in back pain and osteoarthritis, achieved
consensus regarding more than half of the 131 statements regarding
spinal osteoarthritis, for research and clinical purposes. The retention
rate of participants to round three was excellent (86%). Consensus for
agreement on statements was mostly higher for those concerning
research purposes, than for clinical practice. While there is a strong
desire for a deﬁnition of spinal osteoarthritis in research and in clinical
practice (98%) and there was high a proportion of consensus for
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statements for deﬁnitions of spinal osteoarthritis not unlike deﬁnitions
for osteoarthritis in other joints (82%), the essential elements of a future
deﬁnition for spinal osteoarthritis still need to be deﬁned. Importantly,
this Delphi reveals that a future deﬁnition should be considered across a
spectrum of structural changes and patient symptoms. In addition,
while consensus proportions for the use of imaging for structural spinal
osteoarthritis for research purposes was often high, there is lack of
consensus for the use of imaging in the clinical setting, which needs
further clariﬁcation.
PRESENTATION NUMBER: 325
OBSERVATION ON THE CLINICAL EFFICACY OF SINOMENINE
COMBINED WITH MEDICAL OZONE INTRA-ARTICULAR INJECTION
IN THE TREATMENT OF OSTEOARTHRITIS
T. Qian, J. Kou, Y. Bai. Shannxi Univ. of Chinese Med., Xianyang City, China
Purpose: Osteoarthritis (OA), also known as hypertrophic arthritis,
degenerative arthritis and hyperplastic arthritis, is a chronic degenerative osteoarthritis that seriously harms the health of middle-aged and
elderly people. Intra-articular injection therapy is one of the common
methods for the treatment of osteoarthritis. Basic and clinical studies
have shown that intra-articular injection of sinomenine and a certain
concentration of medical ozone can eliminate or reduce inﬂammatory
factors in the joints, suppress immunity, relieve pain, improve joint
function and delay the development of disease. Therefore, this study
intends to explore the clinical efﬁcacy of treating osteoarthritis through
intra-articular injection of sinomenine combined with medical ozone,
and try to provide a theoretical basis for its clinical application.
Methods: In this study, 60 patients with knee osteoarthritis who are
treated in the Pain Department of the Second Afﬁliated Hospital of
Shaanxi University of Chinese Medicine are selected as the research
subjects. All the patients sign informed consent and conform to the
inclusion criteria and the diagnostic criteria of “Guidelines for Diagnosis
and Treatment of Osteoarthritis (2018 Edition)” published by Orthopedic Association Branch of Chinese Medical Association. The permission of Hospital’s Ethics Committee is obtained before this study is
conducted. Sixty subjects are randomly divided into a control group (n
¼ 30) and a treatment group (n ¼ 30). There are 12 males and 18
females in the treatment group, ranging from 25 years old to 75 years
old, with an average of (52.40 ±10.82) years old. The course of disease
ranges from 2 years to 12 years, with an average of (4.97 ±2.51) years.
There are 14 cases of right knee and 16 cases of left knee. Kellgren
Lawrence radiological standard gradeI, II and III are 3, 17and 10 cases
respectively. There are 13 males and 17 females in the control group,
ranging from 29 years to 75 years, with an average of (53.20 ±10.91)
years old. The course of disease ranges from 2 years to 15 years, with an
average of (5.13 ±2.99) years. There are 15 cases of right knee and 15
cases of left knee. Kellgren Lawrence radiological standard grade I, II and
III are 5, 16and 9 cases respectively. There is no statistically signiﬁcant
difference in the general conditions of the two groups of patients, and
they are comparable. (Table 1 Note: Compared with the control group, P
> 0.05. The treatment group is treated with sinomenine combined with
medical ozone intra-articular injection, in which sinomenine is injected
2 ml once, once every other day for 7 times, and 30 m g / ml medical
ozone is injected into the articular cavity once every 7 days for 3 times.
When sinomenine and medical ozone are injected at the same time,
sinomenine is injected 1 hour after medical ozone injection in order to
prevent the interaction between drugs. In the control group, sinomenine is injected into the articular cavity only, 2 ml each time, once every
other day for 7 times. For patients in both groups, the natural ﬂexion of
the knee joint is taken in the supine position. The needle insertion point
which is 0.5 cm from the outer edge of the patellar ligament of the
lateral knee is selected, and a 5 gauge needle with a length of 3.8 cm is
used to quickly insert into the inner and upper corner of the patella. The
medicines is injected slowly after successful puncture without resistance. The changes of VAS score, limp, support demand, locking, joint
instability, pain, swelling, difﬁculty in stair-climbing and squatting
difﬁculty in Lysholm joint function score system are observed before
and 1 week after treatment, as well as the adverse reactions after
treatment.
Results: 1. Comparison of visual analogue scale (VAS) of pain between
the two groups: There is no signiﬁcant difference in VAS score between
the treatment group and the control group before treatment. There are
signiﬁcant differences in VAS scores between the two groups before and
after treatment. The VAS score of the treatment group is signiﬁcantly
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lower than that of the control group after treatment. (Table 2 Note:
Compared with before treatment,** P<0.01;Compared with after
treatment,DDP<0.05. 2. Comparison of Lysholm score of knee joint
function between the two groups: There is no statistical difference in
the overall score of Lysholm joint function between the treatment
group and the control group before treatment. There are statistical
differences in the overall score of Lysholm joint function between the
two groups before and after treatment. The overall score of Lysholm
joint function in the treatment group is signiﬁcantly higher than that in
the control group after treatment. (Table 3 Note:Compared with before
treatment,** P<0.01;Compared with after treatment,DDP<0.01. 3.
Comparison of the scores of Lysholm joint function between the two
groups of knee joints: The results shows that after treatment, the scores
of pain, locking, limp and joint instability in the treatment group are
signiﬁcantly higher than those in the control group, while there is no
statistical difference in the four indexes of difﬁculty in stair-climbing,
swelling, demand for support and squatting difﬁculty between the two
groups. (Table 4 Note: Compared with before treatment,**
P<0.01;Compared with after treatment,DDP<0.05.)
Conclusions: This study proves that ozone combined with sinomenine
intra-articular injection can relieve the clinical symptoms of patients
with knee osteoarthritis and signiﬁcantly improve joint function,
especially pain, lameness, locking and joint instability. Its clinical effect
is signiﬁcantly better than that of sinomenine intra-articular injection
alone, and there are no obvious side effects. The combination of the two
can obtain the ideal long-term therapeutic effect. The treatment is lowcost, safe and effective, and the patient is easy to accept, which is
worthy of extensive use in clinical practice.

Basic condition

Control group (n¼30) Treatment group(n¼30)

Sex (male / female)
Age (year)(±s)
Course of disease (year)(±s)
Location (left / right)
X-ray grading(I/II/III)

13/17
53.20±10.91
5.13±2.99
15/15
17/10/3

Table 1

12/18
52.40±10.82
4.97±2.51
16/14
16/9/5

General situation of the objects
of study
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Group

N

Before treatment

After treatment

Control group
Treatment group

30
30

5.30±2.18
5.33±1.21

2.07±1.70**
1.27±1.11**D

Table 2

Effect of sinomenine combined
with medical ozone intra-articular injection on VAS score
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Group

N

Before treatment

After treatment

Control group
Treatment group

30
30

53.07±21.36
60.13±18.27

76.20±14.84**
92.57±5.99**DD

Table 3

Effect of intra-articular injection
of sinomenine combined with
medical ozone on Lysholm
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Index

Pain
Locking
Limp
Instability
Stair-climbing
Support
Squatting
Swelling

Table 4

Control group

Treatment group

Before
treatment

After
treatment

Before
treatment

After
treatment

8.33±6.20
4.03±3.05
2.63±1.93
14.17±7.78
2.93±2.15
2.20±1.92
1.00±1.14
1.93±1.86

18.33±7.58**
7.97±3.93**
3.73±0.91**
20.00±5.25**
8.80±1.86**
4.03±1.29**
4.70±0.47**
8.80±1.86**

8.67±6.29
4.00±2.29
2.50±1.83
11.17±7.27
2.27±2.27
1.77±1.74
1.57±1.33
2.33±2.04

23.33±2.73**DD
12.87±2.75**DD
4.83±0.53**DD
23.33±2.73**DD
9.07±1.72**
4.50±1.74**
4.80±0.61**
8.80±1.86**

Effect of sinomenine combined
with medical ozone intra-articular injection on Lysholm
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PRESENTATION NUMBER: 326
CORRELATES OF VASTUS MEDIALIS CROSS-SECTIONAL AREA IN
ADULTS WITH SYMPTOMATIC KNEE OSTEOARTHRITIS
S. Berezovskaya 1, F. Cicuttini 1, S. Hussain 1, C. Hill 2, G. Jones 3,
A. Wluka 1, A. Tonkin 1, C. Ding 3, Y. Wang 1. 1 Monash Univ., Melbourne,
Australia; 2 Univ. of Adelaide, Adelaide, Australia; 3 Univ. of Tasmania,
Hobart, Australia
Purpose: Knee osteoarthritis is a common chronic joint disease
affecting the whole joint. There is some evidence that increased
quadriceps strength and muscle cross-sectional area (CSA) may help
alleviate symptoms and slow disease progression, but the data is
inconclusive. The aim of the study was to examine (1) the association
between vastus medialis CSA and tibial cartilage volume cross-sectionally and longitudinally over 2 years, and (2) the association between
vastus medialis CSA and knee pain and function cross-sectionally and
longitudinally over 2 years, in individuals with symptomatic knee
osteoarthritis.
Methods: This study included 284 participants from a randomised
controlled trial examining the effect of atorvastatin on cartilage volume
loss in knee osteoarthritis. Participants were aged 40-70 years with
symptomatic knee osteoarthritis assessed by the American College of
Rheumatology clinical criteria. All participants underwent magnetic
resonance imaging (MRI) of the knee at baseline and two-year followup. Vastus medialis CSA and tibial cartilage volume were measured
from MRI using validated methods. Knee pain (0-500), stiffness (0-200),
and function (0-1700) were assessed by the Western Ontario and
McMaster University Osteoarthritis Index at baseline and two-year
follow-up. Multiple linear regression was performed to examine the
association between vastus medialis CSA and structural and clinical
outcomes.
Results: Greater vastus medialis CSA at baseline was associated with
larger medial (regression coefﬁcient 18.6 mm3, 95% CI 1.7 to 35.5 mm3,
p¼0.031) and lateral (regression coefﬁcient 47.7 mm3, 95% CI 26.5 to
69.1 mm3, p<0.001) tibial cartilage volume at baseline, but not with
change in tibial cartilage volume over 2 years, adjusted for age, sex,
body mass index, tibial bone area, vigorous physical activity and study
sites. Greater vastus medialis CSA at baseline was associated with lower
pain (regression coefﬁcient -4.8, 95% CI -8.7 to -0.9, p¼0.015), less
stiffness (regression coefﬁcient -3.1, 95% CI -5.1 to -1.1, p¼0.002), and
better function (regression coefﬁcient -25.5, 95% CI -39.1 to -11.9,
p<0.001) at baseline, adjusted for age, sex, body mass index, vigorous
physical activity and study site. Increased vastus medialis CSA over 2
years was associated with reduced pain (regression coefﬁcient -28.4,
95% CI -51.2 to -5.5, p¼0.015) and improved function (regression coefﬁcient -74.7, 95% CI -150.3 to 0.8, p¼0.05) over 2 years, adjusted for age,
sex, body mass index, vigorous physical activity and intervention
(atorvastatin/placebo).
Conclusions: In a population with symptomatic knee osteoarthritis,
greater vastus medialis CSA was associated with beneﬁcial structural
and clinical outcomes, evidenced by greater tibial cartilage volume, as
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well as reduced pain and improved function. These ﬁndings suggest
that quadriceps muscles play a role in the context of knee osteoarthritis
symptoms, and that interventions targeting at optimizing vastus
medialis size may have the potential to the management of knee
osteoarthritis.
PRESENTATION NUMBER: 327
ARTHRITS AND CARDIOVASCULAR DISEASE CO-MORBIDITY: RESULTS
FROM A NATIONAL HEALTH SURVEY
S. Hussain 1, J. Sewell 1, Y. Wang 1, A. Wluka 1, M.J. Carington 2,
K. Samaras 3, F.M. Cicuttini 1. 1 Monash Univ., Melbourne, Australia;
2
Baker Heart and Diabetes Inst., Melbourne, Australia; 3 Univ. of New
South Wales, Sydney, Australia
Purpose: Osteoarthritis (OA), the most common form of arthritis, was
recently estimated to affect 250 million people worldwide, with numbers projected to increase with the aging and increasing obesity of the
population. Although OA causes signiﬁcant pain and disability, there is
also an increased risk of dying from cardiovascular disease (CVD). A
recent meta-analysis showed that OA is a risk factor for CVD morbidity
and mortality, and other studies showed that OA is associated with an
unfavourable CVD risk proﬁle. CVD remains the leading cause of death
worldwide, but risk factors for CVD are largely silent, with evidence that
a signiﬁcant proportion of death from CVD could be prevented by
appropriate management of traditional risk factors. OA and CVD share
risk factors including obesity and physical inactivity, with increasing
evidence of a role of vascular pathology in OA. There is the opportunity
of targeting joint health and heart heath in parallel rather than as silos
such that the symptomatic presentation of OA provides an opportunity
to target asymptomatic CVD risk. Given the high prevalence of OA in the
community, this has the potential of reducing the burden of CVD. There
is limited community-based data examining the co-existence of OA and

Australian adults, and the proportion of CVD or CVD risk factors that
could be attributable to the presence of arthritis.
Methods: 13,776 participants aged 18 years or older, representative of
the Australian adults from the National Health Survey (2017-18) conducted by the Australian Bureau of Statistics were included. Participants
were categorised in the following age categories according to World
Health Organisation classiﬁcation: middle-aged (40-64 years), older (65
years and above). Blood pressure, height and weight were measured.
Body mass index (BMI) was calculated using the formula weight (kg)
divided by the square of height (m). BMI was classiﬁed as obese (30
kg/m2) or non-obese (<30 kg/m2). Elevated blood pressure was deﬁned
if a participant had blood pressure >140/90 mmHg. Self-reported doctor
diagnosed arthritis, CVD (ischaemic heart disease and stroke) and CVD
risk factors including dyslipidaemia and diabetes were identiﬁed.
Logistic regression models were used to estimate the odds ratio (OR)
with 95% CI for prevalence of arthritis associated with CVD and CVD risk
factors. Population attributable fraction (PAF) was calculated to determine the proportion of CVD or CVD risk factor in the population that
could be attributable to arthritis.
Results: The results are presented in table 1. In the middle-aged adults
28.8% and in the older age group population 54.5% participants had
arthritis. In middle-aged adults, having arthritis was associated with
increased odds of heart attack (OR 2.20, 95% CI 1.48-3.25), stroke (2.62,
1.40-4.93), obesity (1.75, 1.54-2.01), elevated blood pressure (1.78, 1.602.04), dyslipidaemia (2.14, 1.84-2.49) and diabetes (1.64, 1.33-2.03).
These associations remained statistically signiﬁcant after adjustment
for obesity. The population attributable risk for one or more of dyslipidaemia, hypertension and diabetes in those with arthritis was 17.7%
(95% CI 13.4%, 21.8%) for middle-aged and 16.7% (95% CI 9.6%, 23.2%) for
the older population. When obesity was also included it was 30.7% (95%
CI 25.5%, 35.5%) and 26.0% (95% CI 18.8%, 32.5%) respectively for middleaged and older population.

No arthritis Arthritis
Participants aged 40-64 years
Obesity*, n (%)
868 (26.2)
Diabetes, n (%)
236 (5.8)
Hypertension, n (%)
745 (18.4)
Dyslipidaemia, n (%)
469 (11.6)
At least one of: Diabetes,
1101 (27.2)
Hypertension or Dyslipidaemia, n (%)
At least one of: Diabetes,
1421 (42.8)
Hypertension or Dyslipidaemia or Obesity, n (%)*
Participants aged 65 years and older in NHS 2017-18
Obesity**, n (%)
326 (20.6)
Diabetes, n (%)
256 (13.5)
Hypertension, n (%)
730 (38.6)
Dyslipidaemia, n (%)
468 (24.8)
At least one of: Diabetes, Hypertension or Dyslipidaemia, n (%) 984 (52.0)
At least one of: Diabetes,
948 (60.0)
Hypertension or Dyslipidaemia or Obesity, n (%)**

527
151
496
358
680
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(38.3)
(9.2)
(28.6)
(21.9)
(41.5)

OR (95% CI)

OR adjusted
PAF (95% CI)
for obesity (95% CI)

PAF adjusted for
obesity (95% CI)

1.75
1.64
1.78
2.14
1.90

1.37
1.59
2.04
1.73

2.5 (0.5, 4.4)
5.2 (0, 10.7)
11.6 (8.7, 14.3)
17.7 (13.4, 21.8)

(1.54-2.01)
(1.33-2.03)
(1.60-2.04)
(1.84-2.49)
(1.69, 2.15)

830 (60.4)

2.03 (1.79, 2.31) -

610 (32.9)
399 (17.6)
1091 (48.2)
649 (28.7)
1396 (61.7)
1303 (70.4)

1.89
1.37
1.48
1.22
1.49
1.58

(1.62-2.21)
(1.15-1.62)
(1.31-1.68)
(1.07-1.41)
(1.31, 1.68)
(1.38, 1.83)

1.15
1.35
1.19
1.37
-

(1.08-1.73)
(1.37-1.84)
(1.73-2.41)
(1.51, 1.98)

16.5 (12.5, 20.3)
3.6 (1.9, 5.3)
5.6 (0.8, 10.2)
11.6 (9.1, 14.0)
19.7 (16.0, 23.2)

30.7 (25.5, 35.5) -

(0.95-1.39)
(1.18-1.55)
(1.02-1.38)
(1.53, 2.09)

15.5 (12.0, 18.9)
4.7 (2.2, 7.2)
15.7 (11.0, 20.1)
5.2 (1.7, 8.7)
20.2 (14.4, 25.6)
26.0 (18.8, 32.5)

2.3 (0, 5.3)
12.6 (7.1, 17.8)
4.6 (0.5, 8.5)
16.7 (9.6, 23.2)

*among the 5,693 middle-aged participants obesity was calculated for 4694 participants; ** among the 4,153 older aged participants obesity was calculated for 3433
participants

Table 1

Associations between CVD risk factor and arthritis

CVD and OA independent of obesity, a major risk factor for both conditions. Furthermore, there is no data on OA and CVD in a younger
population where prevention is very important as most previous
studies have included people aged around 60 years. Thus we examined
the relationship between arthritis and CVD (ischaemic heart disease
and stroke) and cardiovascular risk factors (obesity, elevated blood
pressure, dyslipidaemia and diabetes) in middle-aged and older
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Conclusions: In this national health survey, the presence of arthritis
was associated with a signiﬁcantly increased risk of CVD risk factors and
CVD, independent of obesity. The presence of arthritis identiﬁes up to
30% of cardiovascular risk factors in the middle-aged and older populations, suggesting it may act as ‘the canary in the coal mine’ for
identifying individuals at risk of CVD in the community.
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PRESENTATION NUMBER: 328
CLINICAL OBSERVATION ON THE TREATMENT OF SCAPULOHUMERAL
PERIARTHRITIS BY REINFORCING TENDON MANIPULATION
COMBINED WITH SODIUM HYALURONATE INJECTION
Z. Liang, Sr. 1, B. Dong, Sr. 2, J. Yao 3, P. Yuan, Sr. 4, Z. Wang, Sr. 2,
W. Kang, Sr. 4. 1 Dept. of integrated Chinese and western medicine, Shaanxi
Univ. of Chinese Med., 712000, Xianyang, Shaanxi, China; 2 .Dept. of
orthopedic, Afﬁliated Hosp. of Shaanxi Univ. of Chinese Med., 712083,
Xianyang, Shaanxi, China; 3 .Dept. of Nursing, Shaanxi Univ. of Chinese
Med., 712000, Xianyang, Shaanxi, China; 4 Dept. of orthopedic, Afﬁliated
Hosp. of Shaanxi Univ. of Chinese Med., 712083, Xianyang, Shaanxi, China
Purpose: To investigate the effect of manipulation of reinforcement and
sodium hyaluronate injection in the treatment of periarthritis of
shoulder and the inﬂuence of serum 5-ht and Prostaglandin E2 (PGE2).
Methods: In this study, 76 patients with periarthritis of shoulder
admitted from February 2020 to July 2020 were selected and randomly
divided into treatment group and control group, with 38 patients in
each group.Treatment group1. The patient takes the sitting position,
and the surgeon presses and knead the affected shoulder to fully relax
the muscles around the shoulder.2. Perform a ﬁnger to meditate and
pinch respectively for 2min at the pain points of the bicep and the short
head, the upper and lower tendons, the front edge of the deltoid, the
back edge and the stopping point.3. Performer stood lientang patients,
with holding limb elbow made with shoulder outreach, uplift, adduction to maximum 15 ~ 20 times, and in a shoulder Yu, chien cheng,
shoulder well hole according to take.After the amplitude of shoulder
joint movement increases, the method of large shoulder shaking can be
done 5~10 times. At the same time, the shoulder was injected with
sodium hyaluronate 5ml/ time once a week for 5 weeks.The control
group was given shoulder joint injection of sodium hyaluronate 5ml/
time once a week for 5 weeks. After treatment for 5 weeks in both
groups.To observe the inﬂuence of subjective pain degree score, status,
rating, range of activity and serum 5-HT and PGE2 expression in both
groups after treatment.
Results: Visual analog pain score (VAS), present pain status (PPI), and
pain rating index (PRI) were all decreased after treatment, but the
decrease was more signiﬁcant in the treatment group than in the
control group (P<0.05).The index score of shoulder range of motion and
the range of motion of shoulder joint were signiﬁcantly higher than the
control group. In addition, serum 5-HT and PGE2 levels in the treatment
group were signiﬁcantly lower than those in the control group (P<0.05).
Conclusions: :VAS, PPI and PRI scores were signiﬁcantly reduced in
patients with periarthritis of shoulder treated with reinforcement
manipulation combined with sodium hyaluronate injection and The
expression levels of 5-HT and PGE2 and the improvement of range of
motion and range of motion of shoulder joints were signiﬁcantly better
than the control group.It can obviously relieve the pain and improve the
function of shoulder joint.

PRESENTATION NUMBER: 329
THE CORRELATION OF SERUM PCSK9 LEVEL
OSTEOARTHRITIS IN TIBETAN PLATEAU REGION

AND

KNEE

Y. Mei, Y. Shi, Y. Xi, X. Han, S. Guan. The Second Hosp. of Southern Univ. of
Sci. and Technology, Shenzhen, China
Purpose: Osteoarthritis is the most common arthritis disease, the knee
joint is the most often involved. The main pathological changes are the
destruction of articular cartilage, the joint space narrow, osteophytes
formation and destruction of subchondral bone. The pathogenesis of OA
is complex, and effective therapy is not available currently. Recently,
many studies demonstrated that LDL plays a critical role in the development of OA, ox-LDL may involve in synovitis, chondrocytes destruction and bone deformation. However, a recent Mendel random analysis
study on OA in England determined that LDL cholesterol may have a
protective effect on OA. PCSK9 is a liver-derived protease that can
degrade LDL receptors on cell surface to increase circulating LDL cholesterol levels, as well as upregulating inﬂammatory mediators. However, the relationship between PCSK9 and KOA has not been reported at
home and abroad. The aim of the study is to explore the serum PCSK9
level and related risk factors in plateau Tibetan KOA patients and provide theoretical basis for the prevention and treatment of KOA.
Methods: This study conducted an investigation on Tibetan villagers
aged  40 years old in Jiuhe village, Tibet, Yiziduo village in Gansu, and
Lianhe Village, Shangri-La country, Diqing City, Yunan Province. A total
of 143 Tibetan permanent residents were divided into KOA group and
non-KOA group, including 100 people in KOA group and 43 people in
non-KOA group. All Tibetan villagers surveyed signed informed consent
and ﬁlled out questionnaire with the guidance of physicians. The contents of the questionnaire mainly included general information, work
and daily life, dietary information, joint symptoms, past history and
personal history. We collect the fasting venous blood of all the subjects
in the morning and immediately test blood lipid and blood glucose.
With the guidance of professional radiologist to take X- rays of the
bilateral knee joints. Serum PCSK9 level was detected by enzyme-linked
immunosorbent assay (ELISA). SAS 9.3 software was used to analyze the
data.
Results: The results found that in Tibetan plateau population, the serum
of PCSK9 level in KOA group was signiﬁcantly higher compared to in
non-KOA group [respectively is 291.18ng / mL(95.48ng / mL,550.44ng/
mL)vs 139.59ng / mL(44.64ng / mL,540.31ng / mL),P ¼0.0442].In multiple logic regression analysis, PSCK9 level is not the independent risk
factor for KOA. Further study shows that male PCSK9 levels are signiﬁcantly higher than females [Respectively is 468.98ng/mL(252.68ng/
mL,951.87ng/mL)vs139.59ng/mL(40.23ng/mL,347.61ng/mL),P<0.0001].
Further study showed that serum PCSK9 levels were positively
correlated with age and waist circumference (r¼0.24037,
P¼0.003;r¼0.2566,P¼0.002). Additionally, there is no statistically signiﬁcant difference in serum PCSK9 levels between normal lipid group
and elevated blood lipid group (P>0.05).
Conclusions: PCSK9 level of Tibetan plateau KOA patients increased.
Gender, smoking, age, waist circumference are the risk factors of PCSK9
in Tibetan plateau.
PRESENTATION NUMBER: 330
SOCIOECONOMIC
FACTORS
AND
OUTCOME
OSTEOARTHRITIS: A SCOPING LITERATURE REVIEW

IN

KNEE

T.W. Swinnen 1, M. Willems 2, I. Jonkers 2, F.P. Luyten 3,
J. Vanrenterghem 1, S. Verschueren 1. 1 Res. Group for Musculoskeletal
Rehabilitation, Dept. of Rehabilitation Sci., KU Leuven, Leuven, Belgium;
2
Human Movement Biomechanics Res. Group, Dept. of Movement Sci.,
KU Leuven, Leuven, Belgium; 3 Skeletal Biology and Engineering Res. Ctr.,
Dept. of Dev. and Regeneration, KU Leuven, Leuven, Belgium
Purpose: Given the increasing prevalence and burden of knee osteoarthritis world-wide, the research community is challenged to identify
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factors that predict its onset and progression with the ultimate aim to
mechanistically understand disease and develop targeted interventions. Traditionally, risk factors for knee osteoarthritis are considered ‘local’ to the joint or ‘systemic’ referring to whole-body systems.
However, there are clear indications in the scientiﬁc literature that
contextual factors such as socioeconomic position merit consideration.
Further in depth scrutiny of socioeconomic factors is thus needed to
justify a more biopsychosocial view on risk factors in knee osteoarthritis. The aims of this study were therefore to quantify the representation of socioeconomic factors in the knee osteoarthritis literature
and to review the applied measurement instruments to assess socioeconomic factors and their impact on knee osteoarthritis outcomes.
Methods: The electronic bibliographic databases Medline (PubMed),
Embase, CINAHL, Web of Science (psych articles) and Cochrane were
screened independently by two reviewers to identify research articles
dealing with the knee osteoarthritis population without arthroplasty
and socioeconomic factors, with a third independent reader available to
resolve conﬂicts. Included studies had to quantify the relationship
between socioeconomic factors and at least one of the following target
outcomes of interest: pain, function, physical activity, structural
osteoarthritis status and progression, clinical examination outcomes
and quality of life. Few additional exclusion criteria were set concerning
the design (no qualitative studies) and language (only English or Dutch)
and population age (above 16 years). Formal quality assessment was
organized using the revised Cochrane Risk-Of-Bias-2 tool for randomized trials, Risk Of Bias In Non-randomized Studies of Interventions-1
and the Newcastle-Ottawa Scale for assessing the quality of non-randomised studies. Given the explorative nature of this scoping review,
descriptive statistics (frequencies, percentages) were calculated as
appropriate.
Results: After de-duplication, 7639 articles were available for screening for which 120 conﬂicts (1.6% of all studies) were resolved without
the need for a third reader. The knee osteoarthritis population was
conﬁrmed in 4112 articles (1906, 25% excluded because of knee
arthroplasty and 1621, 21% because of other issues related the population deﬁnition). Some studies were lost because hip and knee
osteoarthritis were combined in the analysis. Socioeconomic factors
could not be identiﬁed in 4058 (53%) papers and were only adjusted
for in 211 (3%) articles. Socioeconomic factors seem thus to be
underreported or understudied (14% of the knee osteoarthritis literature reported on these factors). A total of 231 (3%) papers was ﬁnally
included for further scoping review. Pain (n¼110, 48%), function (n¼81,
36%), physical (in)activity (n¼5%), structural osteoarthritis status and
progression (n¼7, 3%), osteoarthritis prevalence or risk (n¼98, 43%),
clinical examination outcomes (n¼10, 12%) and quality of life (n¼18,
8%) were the outcomes of interest in the 231 included studies. A total
of 12 different socioeconomic factors were found in the literature in
relationship with pain and function outcomes. Education was by far
the most reported socioeconomic factor in the literature (51%), next to
occupational status (28%), marital status (26%), income (19%), race/
ethnicity (16%), family composition (13%), social status (10%), discrimination (3%), insurance (3%), combined scores (3%), job type (3%)
and religion (3%). Although several studies assessed the same factor,
the measurement instruments used differed dramatically, mainly in
ordinal categories.
Conclusions: Few studies currently focus on contextual socioeconomic
factors in knee osteoarthritis and their assessment is highly variable
methodologically. Therefore, it appears that more attention should go to
a standardised and feasible set of socioeconomic outcomes to include in
clinical research on knee osteoarthritis. Given the available body of
evidence found in this scoping review, the systematic analysis of the
effect of socioeconomic factors on pain, function and prevalence of
disease should be prioritised to enhance a biopsychosocial view on risk
factors in knee osteoarthritis.
PRESENTATION NUMBER: 331
THE ASSOCIATION BETWEEN WORSENING OF SYNOVITIS AND
RADIOGRAPHIC
OSTEOARTHRITIS
PROGRESSION
IS
MORE
PRONOUNCED IN OBESE INDIVIDUALS: DATA FROM THE
OSTEOARTHRITIS INITIATIVE
M. Banuls-Mirete 1, A. Lombardi 1, A.H. Shadyab 1, E. Chang 1, N.E. Lane 2,
M. Guma 1. 1 Univ. of California, San Diego, La Jolla, CA, USA; 2 Univ. of
California, Davis, Sacramento, CA, USA
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Purpose: Synovial inﬂammation in the knee is associated with knee
osteoarthritis (KOA) progression. Yet, the relation of body mass index
(BMI) to worsening of synovitis and OA progression remains unknown.
This study investigated the association of synovitis progression during a
2-year period with radiographic KOA progression over 48 months in 3
groups of patients according to their BMI.
Methods: We analyzed 273 right knees from 243 participants of the
Osteoarthritis Initiative (OAI). Subjects were randomly selected by
matching for age, gender, race and baseline Kellgren-Lawrence (K-L).
Three groups of 91 participants classiﬁed by their BMI were analyzed:
normal weight (BMI < 24.9 kg/m2, average of 22.71 ± 1.69), overweight
(BMI 25-29.9 kg/m2, average of 27.37 ±- 1.40), and obese (BMI  30 kg/
m2, average of 33.35 ± 2.80). MRI Osteoarthritis Knee Score (MOAKS)
was used for a semi-quantitative evaluation (0-3) of effusion synovitis
and Hoffa-synovitis at baseline and at 24 months of follow-up. OA
radiographic progression was deﬁned as a Kellgren-Lawrence scale
increase of >¼1 from baseline to 48 months of follow-up.
Results: In each group, mean age was 61.3 years, 80 % were women
and 97% were Caucasian. Baseline knee KL was as follows: 44% grade
0, 32% grade 1, 17.6% grade 2 and 6.5% grade 3. Synovitis-effusion was
detected in 53% of the knees (average score of 0.60 ±0.62) and Hoffasynovitis in 48% of the knees (average score of 0.56 ± 0.65). Of
interest, patients with overweight had higher Hoffa-synovitis score
than normal or obese patients. 83 patients from the normal weight
group and 80 patients from the overweight and obese groups had MRI
at both baseline and 24 months of follow up. At 2 years follow-up, 37%
of the knees experienced a worsening of synovitis-effusion (average
score of 0.93 ± 0.83), and 30% of the knees had a progression of Hoffasynovitis (average of 0.77 ± 0.75). Worsening of synovitis was not
associated with baseline BMI. KOA radiographic progression at 48
months of follow-up was observed in 30% of knees. Synovitis effusion
progression at 2 years was associated with KOA radiographic progression at 48 months (83.1% of patients with synovitis-effusion
progression at 2 years had KOA progression vs 30.5% of KOA progression in patients with no synovitis-effusion progression, p<0.01).
This association was more pronounced in the obese group. 96.4% of
the obese participants with synovitis had KOA radiographic progression, whereas 85.2% of the overweight subjects and 70.6% of the
normal BMI groups had KOA progression (p<0.05). Hoffa synovitis
progression at 2 years was also associated with radiographic progression at 48 months (89% of patients with Hoffa-synovitis progression at 2 years had KOA progression vs 33% of KOA progression in
patients with no Hoffa-synovitis progression , p<0.01), but this
association did not vary by BMI.
Conclusions: Synovitis effusion progression over 24 months was
associated with OA radiographic progression at 48 months, and the
progression was observed in nearly all of obese subjects. Treatments to
reduce synovial effusions may slow the progression of knee OA in both
obese and non-obese subjects.
PRESENTATION NUMBER: 332
SYNOVITIS DOES NOT MEDIATE THE RELATIONSHIP BETWEEN BODY
MASS INDEX AND PROGRESSION OF RADIOGRAPHIC KNEE
OSTEOARTHRITIS: DATA FROM THE OSTEOARTHRITIS INITIATIVE
M. Banuls-Mirete 1, A. Lombardi 1, A.H. Shadyab 1, E. Chang 2, N.E. Lane 3,
M. Guma 1. 1 Univ. of California, San Diego, La Jolla, CA, USA; 2 Univ. of
California, San Diego, La Jolla, CA, USA; 3 Univ. of California, Davis,
Sacramento, CA, USA
Purpose: Synovial inﬂammation is associated with knee osteoarthritis
(KOA) progression. Body mass index (BMI) has also been associated
with KOA progression. Yet, it is unclear whether synovial inﬂammation
mediates the association of BMI with KOA progression. Here, we
examined the mediating effect of synovitis in the association between
BMI and progression of radiographic KOA in the Osteoarthritis Initiative
(OAI) cohort.
Methods: We conducted a case-control study within the OAI. Cases (n ¼
315) were right knees with an increase of  1 Kellgren-Lawrence (K-L)
from baseline to 48 months of follow-up. Controls (n ¼ 315) were right
knees that had no K-L change over 48 months. Cases and controls were
matched by age, gender, race and baseline K-L. MRI Osteoarthritis Knee
Score (MOAKS) was used for a semi-quantitative evaluation (0-3) of
effusion synovitis and Hoffa-synovitis at baseline. The SPSS PROCESS
macro was used to test the mediating effects.
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Results: The mean age of paticipants was 61 years, 70.8% were
women, and 87% were white. Baseline knee KL was as follows: 36.8%
grade 0, 30.2% grade 1, 25.1% grade 2 and 7.9% grade 3. 24.9% were
normal weight (BMI < 24.9 kg/m2), 37.1% were overweight (BMI 2529.9 kg/m2) and 37.0% were obese (BMI  30 kg/m2). Average BMI
was 28.63 ± 4.8. 49.8% had synovitis effusion with a score of 0.56 ±
0.6, and 51.9% had Hoffa synovitis with a score or 0.61 ± 0.66. Compared with controls, cases had higher BMI (29.1 ± 4.7 vs 28.2 ±
4.9,p<0.05), and were more likely to be obese (41.5% vs. 34.3%) than
controls (p <0.05). At baseline, cases had higher prevalence of both
synovitis effusion and Hoffa-synovitis than controls (59.6% vs 40.1%,
p<0.01 for synovitis-effusion and 61.9% vs 42%, p<0.01, for Hoffa
synovitis respectively). Yet, in the mediation analysis, neither synovitis effusion nor Hoffa synovitis mediated the relationship between
BMI and KOA progression.
Conclusions: Preliminary ﬁndings from mediation analysis showed
that neither synovitis effusion nor Hoffa synovitis mediated the relationship between BMI and progression of radiographic KOA over a 4year period. A longer duration of follow-up may be required to determine if synovitis mediates the association between BMI and progression of KOA.
PRESENTATION NUMBER: 333
THE CLINICAL RADIOGRAPHIC INCIDENCE OF POST-TRAUMATIC
OSTEOARTHRITIS 10 YEARS AFTER ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION: DATA FROM THE MOON NESTED COHORT
J. Everhart 1, M.H. Jones 1, S. Yalcin 1, E. Reinke 2, L. Huston 3,
K.P. Spindler 1. 1 Cleveland Clinic, Cleveland, OH, USA; 2 Duke Univ. Med.
Ctr., Durham, NC, USA; 3 Vanderbilt Univ., Nashville, TN, USA
Purpose: The incidence of post-traumatic osteoarthritis (PTOA) using
clinical radiographic grading criteria at 10 years after anterior cruciate

ligament reconstruction (ACLR) has not been well-deﬁned in a prospective cohort of young athletic patients. Among young athletic
patients, there is a high incidence of clinical radiographic PTOA at 10
years after ACLR. Additionally, there is a signiﬁcant difference in clinical
radiographic osteoarthritis changes (joint space narrowing [JSN] and
osteophyte formation) between the ACL reconstructed and contralateral knees at 10 years.
Methods: The ﬁrst 146 patients in an ongoing nested cohort study within
a prospective cohort presented for minimum 10-year follow-up. Included patients had a sports-related ACL injury, were age <33 years at time
of ACLR, no prior history of ipsilateral or contralateral knee surgery, and
no revision ACLR before follow-up. Bilateral knee metatarsophalangeal
(MTP) view radiographs were obtained and graded by International Knee
Documentation Committee (IKDC), Osteoarthritis Research Society
International (OARSI), and modiﬁed Kellgren-Lawrence (KL) criteria by
two blinded reviewers. The incidence and severity of ipsilateral and
contralateral radiographic osteoarthritis were determined among
patients without a contralateral ACL injury before 10-year follow-up
(n¼133). Baseline characteristics are presented in Table 1.
Results: Inter-rater reliability was substantial for IKDC (Gwet’s AC1 ¼
0.71), moderate for KL (0.48), and almost perfect for OARSI (0.84)
grading systems. Among patients with a contralateral radiographically normal knee, the 10-year incidence of clinical radiographic PTOA after ACLR is 37% as deﬁned by osteophytes and 23% as
deﬁned by JSN. The maximum side-to-side difference in medial or
lateral compartment OARSI osteophyte grade was 0 in 65% of
patients, 1 in 20%, and 2þ in 15%. The maximum difference in OARSI
JSN grade was 0 in 77% of patients, 1 in 19%, and 2þ in 4%. The
incidence of radiographic OA is presented in Table 2, and the severity
of OA is presented in Table 3.
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Conclusions: In young active patients who do not undergo revision
ACLR, the 10-year incidence of clinical radiographic PTOA after ACLR is
37% as deﬁned by osteophytes and 23% as deﬁned by JSN. The average
difference in degree of osteophyte formation (1 grade in 85%) and JSN
(1 grade in 96%) between the ACL reconstructed knee and contralateral knee is small.

PRESENTATION NUMBER: 334
CHARACTERIZATION AND
IMPLICATIONS
OF
DAILY
PAIN
VARIABILITY AND RESPONSE TO TREATMENT IN OSTEOARTHRITIS
CLINICAL TRIALS
C. Bonin Pinto, J. Barroso, T.J. Schinitzer. Northwestern, Chicago, IL, USA
Purpose: Purpose: It is well known that high inter- and intra-patient
variability is observed in chronic pain, including in osteoarthritis (OA)
patients. Pain ﬂuctuations over time may have an inﬂuence in the
response to treatments, particularly in clinical trials. However, most
interventional pain studies rely on pain reports from single time points
and do not take in consideration the dynamic effects of daily pain
variations on the response to treatment. In this study we evaluated daily
between- and within-subject OA pain variability to evaluate how this
information can be predictive of response to treatment in clinical trials.
Methods: Materials/Methods: Three hundred and eighty-nine OA
patients enrolled as part of a clinical trial (NCT00809783) were
randomized in two groups: Naproxen 500 mg twice a day (n¼113) and
Placebo (n¼276). All participants were to complete daily pain intensity
diaries using a numeric rating scale (NRS- 0 to 10 points) for a period of
127 days (15 days before þ 112 days during treatment). A logistic
regression analysis of responders (30% pain improvement as compared

with baseline) and linear longitudinal models were performed to
determine whether the pre-treatment pain variation (standard deviation of pain, SD) was associated with treatment response and decreases
in pain intensity in the Naproxen versus the Placebo group.
Results: Results: A longitudinal pain decrease was observed over time
(NRS SD) in both treatments; pain variability (PV) within subjects was
stable over time in both groups (for PbO r¼ 0.37, p<0.001 and r¼0.21
p¼0.03 for NAP). Pre-treatment pain variability signiﬁcantly predicted
response after 4, 8, 12 and 16 weeks, p < 0.05 for all (table 1). Next, we
investigated the treatment effects within each treatment group, subclassifying groups based on their pain variability. We showed a signiﬁcant effect of time in all subgroups (p<0.001). The high variability
subgroups presented signiﬁcantly larger improvements in pain than the
low variability subgroups for both treatments (high vs. low p<0.001Fig. 1). Moreover, a signiﬁcant difference in pain decrease over time was
observed between Naproxen and Placebo comparing the high variability subgroups (p<0.001; Fig2 ), but not in the low variability ones.
Conclusions: Pain variability in patients with OA seems to be stable over
time independent of mean pain reduction, showing a higher between
subject variability than within subject variability. Individuals showing
higher levels of pain variation prior to treatment had a greater decrease in
pain over time in both Naproxen and Placebo groups. Only the high variability group treated with Naproxen showed a signiﬁcant decrease in pain
compared to the Placebo groups. This suggests that high variability may be
a marker of increased responsiveness to active treatment in OA patients.
PRESENTATION NUMBER: 335
INTRA-ARTICULAR SPRIFERMIN THERAPY REDUCES TOTAL KNEE
REPLACEMENTS: ACCUMULATED EVIDENCE FROM TRANSLATIONAL
AND CLINICAL DATA
C. Ladel 1, 2, B. Daelken 2, M. Michaelis 2, O. Guenther 2, F. Moreau 3,
H. Guehring 2. 1 BioBone, Amsterdam, Netherlands; 2 Merck Hlth.care
KGaA, Darmstadt, Germany; 3 EMD Serono, Billerica, MA, USA
Purpose: Osteoarthritis (OA) is a degenerative disease with high
prevalence, creating an unmet medical need for drugs to protect and
regenerate cartilage. Sprifermin, a truncated form of ﬁbroblast growth
factor 18 (rhFGF18), is being investigated as a potential disease-modifying OA drug (DMOAD). Sprifermin has been shown to increase cartilage volume in the knees of OA patients. Studies published about the
mode of action clearly demonstrate anabolic effects. Accumulated
analysis of data available from preclinical experiments and clinical data
was performed to investigate the effects of sprifermin on late stage OA
tissues as well as the rate of total knee replacements (TKR) in late stage
OA patients.
Methods: Translational evidence: Available data from experiments
using cartilage explants from OA patients after TKR were used to
demonstrate therapeutic effects in line with the mode-of-action of
sprifermin. Anabolic stimulation was investigated by biomarker investigations as well as immunhistology.Clinical Data: patients from 2
clinical studies (cohort study 27575 and randomized study 700692006/FORWARD) were followed up to 24 weeks and 5 years (respectively) to collect information on TKR occurrence. Study 27575 was
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performed in OA patients scheduled for TKR. Study 700692 was performed in OA patients with KL grades 2 -3. In both studies sprifermin
therapy given by single or repeated intra-articular (i.a.) injections was
investigated in comparison to i.a. placebo.
Results: MoA conﬁrmed in TKR material (cartilage explant assays) from
late stage OA patients: following stimulation with sprifermin, anabolic
biomarkers were signiﬁcantly upregulated and immunhistology
showed increased production of type II Collagen as well as increased
Aggrecan content.The number of TKR in 27575 OA patients at doses
100mg/joint in one cycle (as deﬁned by once weekly for 3 weeks)
dosing regimen was 3 out of 6 (50%) and 7 out of 12 (58%) despite the
fact, that the included patients were already scheduled for TKR surgery.
Figure 1 depicts the number and rate of TKRs in the different dose
cohorts, with placebo pooled across different cohorts.In the phase II
randomized placebo-controlled FORWARD study, although not
designed to detect differences in TKR and inclusion of patients with less
severe OA, 1.1% (n¼2/194) of OA patients treated with 4 cycles of sprifermin at 100mg/joint had a TKR within the study follow-up compared
to 4.6% (n¼4 out of 87) in the placebo group. Of note: no TKR was
registered in the 100mg/joint every 6 months dose group Figure 2 gives
the distribution across dose groups.
Conclusions: The data presented are providing strong evidence, that
sprifermin a. is effective in advanced OA patient with demonstration of
a clear mode-of-action and b. data supporting of reduced rates of TKRs
in OA patients. This evidence warrants further investigations in clinical
studies using TKR rates as a read-out for demonstration of joint survival
after sprifermin therapy.

Purpose: Intra-articular (IA) injection of polyacrylamide hydrogel
(PAAG) has been suggested as a possible treatment for symptomatic
osteoarthritis (OA). Previously IA PAAG has been investigated using 2
injections of 3 ml separated by a month. The primary objective of this
study was to evaluate the efﬁcacy and safety of a single injection of 6 ml
intra-articular PAAG on knee symptoms in participants with moderate
to severe knee OA.
Methods: Patients with symptomatic (WOMAC A1 2/4 Likert) and
radiographic (KL grade 2 to 4) knee OA were consented into this prospective, open-label study. A proprietary 2.5% cross-linked PAAG
manufactured by Contura International A/S was used. PAAG contains
2.5% polyacrylamide and 97.5% non-pyrogenic water, with a unique
molecular structure that allows normal water exchange with the surrounding tissue without losing shape. PAAG is biocompatible, nonabsorbable, non-biodegradable, stable, and sterile. PAAG was provided
in sterile, pre-ﬁlled 1 ml sealed syringes to be injected intra-articularly
with a sterile 21G x 2-inch (0.8 x 50 mm) needle. PAAG is classiﬁed as a
Class IIb device under Council Directive 93/42/EEC on medical devices.
Primary outcome was change in WOMAC pain subscale (normalized to
100 points) after 12 weeks. Secondary outcomes were the WOMAC
stiffness and function subscale, Patient Global Assessment of disease
impact (PGA) and proportion of OMERACT-OARSI responders. Followup time points were 4, 12, 26 and 52 weeks. The protocol for this study
was approved by the local Health Research Ethics committee (ref.no: H19031685), the Danish Health authorities, and was registered at www.
clinicaltrials.gov (NCT04179552) before any study related activities.
All patients gave informed consent prior to participation, and the
study was conducted according to the principles of good clinical
practice.
Results: 49 patients (31 females) received IA PAAG, and 48 and 46
patients completed the 12-week and 52 weeks assessment, respectively. There were statistically and clinically signiﬁcant reductions in
WOMAC pain after 12 weeks (mean change -18.3 points [95% CI: -23.3
to -13.3]; P<.0001) which were sustained at 52 weeks (mean change
-20.8 points [95% CI -26.3 to -15.3]; P<0.0001). Similar beneﬁts were
found for WOMAC stiffness, physical function, and patient global
assessment. After 12 weeks 64.6% of the patients were OMERACT-OARSI
responders and this also was maintained at 52 weeks. During the initial
12 weeks, 18 patients reported 23 adverse events; 13 events were
related to PAAG treatment (most frequent: arthralgia and joint swelling) and not considered serious. No new PAAG related AEs were
observed from 12 to 52 weeks. Three serious adverse events occurred
(atrial ﬁbrillation, gastrointestinal pain and cerebrovascular event) all
assessed as ‘not related’ to PAAG.
Conclusions: PAAG can be delivered in a single injection and this nonrandomized trial suggests that the good clinical effects at 12 weeks
were maintained at 52 weeks in patients with moderate to severe knee
OA. These encouraging Results need to be conﬁrmed in controlled
studies.
PRESENTATION NUMBER: 337
IMPACT OF OSTEOARTHRITIS IN YOUNGER ADULTS
E.M. Badley, J.M. Wilfong, A.V. Perruccio. Schroeder Arthritis Inst.,
Krembil Res. Inst., Univ. Hlth.Network, Toronto, ON, Canada

PRESENTATION NUMBER: 336
POLYACRYLAMIDE
HYDROGEL
INJECTION
FOR
KNEE
OSTEOARTHRITIS: RESULTS OF A 52 WEEK PROSPECTIVE STUDY
H. Bliddal 1, A. Overgaard 1, A. Hartkopp 2, J. Beier 3, P.G. Conaghan 4,
M. Henriksen 1. 1 Bispebjerg Frederiksberg Hosp., Copenhagen, Denmark;
2
A2 Rheumatology and Sports Med., Hillerød, Denmark; 3 Gigtdoktor,
Odense, Denmark; 4 Univ. of Leeds, Leeds, United Kingdom

Purpose: Osteoarthritis (OA) is a disease frequently perceived as a
disease of the elderly and an inevitable result of aging. Consequently,
epidemiological and clinical studies of OA are often restricted to older
adults and therefore provide a limited view of OA in the broader population. The purpose of the current study was to describe OA across a
wide age range including younger adult age groups.
Methods: Data from the 2009 Survey on Living with Chronic Diseases in
Canada (SLCDC) was used for analyses. This is a nationally representative survey of 4,565 Canadians aged 20þ years, who reported having
been diagnosed with arthritis by a health professional in the 2008
Canadian Community Health Survey (CCHS), a general health population survey. Our analyses were restricted to individuals reporting
having OA and no other kind of arthritis (n ¼ 1,614). Comparisons to the
general population come from the 2008 CCHS.
Age was categorized as 20-44, 45-54, 55-64, 65-74, and 75þ years.
Respondents in the SLCDC were asked to report on characteristics and
severity of their OA including which joints were painful in the past
month, severity (1-10 scale) and frequency of pain and fatigue, arthritisattributed limitations in ﬁve areas of daily activities (bathing and
dressing, getting around the house, doing household chores, running
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errands and shopping, and participating in recreation, leisure, hobbies
or social activities), and how much their arthritis affects their life.
Respondents in both the SLCDC and CCHS were also asked to report on
their physical and mental well-being including life satisfaction, selfrated general health, self-rated mental health, and life stress.
Results: Of the 4,565 respondents with health professional-diagnosed
arthritis participating in the SLCDC, 1,614 reported they had received a
diagnosis of OA and no other type of arthritis (35.4%). For these individuals, the average age at diagnosis was 50 years; 30.4% of these
individuals reported being diagnosed before the age of 45. At the time of
the survey 27.1% of respondents reporting OA were younger than 55,
with 7.2% aged 20-44 years.
The characteristics of OA for the younger and older respondents were
remarkably alike, with a similar number of reported painful joint sites
(mean 3.5) and similar proportions with severe and frequent joint pain
(26.9%), (Table 1). Younger individuals were more likely to report having
severe and frequent fatigue, 26.5% compared with 17.5% for individuals
aged 55 years and older. Furthermore, while the overall proportion with
activity limitations was similar (72.3% aged 20-54 years; 77.9% aged 55þ
years), the proportion reporting being limited in recreation, leisure,
hobbies or social activities was higher, especially for the 20-44 age
group.
The proportion of individuals in the 20-44 and 45-54 age groups
reporting that their arthritis affected their life quite a bit/extremely was
32.6% and 27.2%, respectively. For the youngest age group, this was a
similar proportion as for the 75þ year age group. Overall, only 10% of
respondents with OA reported that their OA had no effect on their lives.
In terms of overall impact on physical and mental well-being, compared
with the general population, in the 20-44 age group those with OA had
a nearly 8-fold higher proportion reporting low life satisfaction (15.2%
vs. 2.0%); a nearly 5-fold higher proportion reporting low self-rated
general health (30.0% vs. 6.6%); and a nearly 3-fold higher proportion
reporting low self-rated mental health (18.3% vs. 6.6%). Differences
between individuals with OA and the general population were considerably smaller among older respondents (Table 2).
Conclusions: OA is not an uncommon experience among young and
middle aged adults in Canada, despite the frequently held perception
that it is a condition predominantly of older people. Younger adults
with OA had a similar ‘severity’ of OA as their older counterparts in
terms of mean number of joint sites affected and severity of pain and
fatigue, with very little variation by age. However, the overall impact of
OA on physical and mental well-being as shown by a comparison with
the health status of the general population was much greater for
younger people with OA.
About half of all individuals with OA received their diagnosis at or
before the age of 50, and one-third before 45. This suggests that the
ﬁndings for young and middle aged adults in this study are likely to
represent the initial experience for a substantial proportion of all people
with OA, with the implication that it is likely many older people with OA
have been living with its symptoms and severity for a signiﬁcant proportion of their adulthood. Given the relatively little attention that has
been paid to OA in young age groups, more epidemiological and clinical
attention is warranted. The extent to which the experience of OA in
younger years affects self-management and other strategies for the
management of OA symptoms at older ages is unknown. Awareness by
doctors and other health professionals that young adults presenting
with joint symptoms may have what could be a life-long health condition, could be important for providing the foundation for on-going OA
management strategies.
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PRESENTATION NUMBER: 338
IS MENISCUS TREATMENT A PREDICTOR OF WORSE ARTICULAR
CARTILAGE
DAMAGE
ON
MRI
2
YEARS
AFTER
ACL
RECONSTRUCTION? THE MOON NESTED COHORT
M.H. Jones 1, F. Altahawi 1, E. Reinke 2, K.P. Spindler 1. 1 Cleveland Clinic,
Cleveland, OH; 2 Duke Univ. Med. Ctr., Durham, NC
Purpose: Patients undergoing anterior cruciate ligament reconstruction
(ACLR) are at increased risk for post-traumatic osteoarthritis (PTOA).
While we have previously shown meniscus tear treatment with ACLR
predicts more radiographic PTOA 2-3 years post-operatively, limited
studies assess cartilage directly with MRI. Meniscus repair or partial
meniscectomy at the time of ACLR independently predicts more articular cartilage damage on 2-3 year postoperative MRI compared to a
normal meniscus or a stable untreated tear.
Methods: A consecutive series of patients undergoing ACLR from one
site within the Multicenter Orthopaedic Outcomes Network (MOON)
onsite nested prospective multicenter cohort received bilateral knee 3T
MRI 2-3 years post-operatively. Subjects were <36 years of age without prior knee injury, injured in sports, with no history of concomitant
ligament surgery or contralateral knee surgery. MRIs were graded by a
board-certiﬁed musculoskeletal radiologist using a modiﬁed MOAKS
scoring system. A proportional-odds logistic regression model was
built for predicting a MOAKS based cartilage damage score (CDS) relative to the contralateral control knees for each compartment and for
the whole knee pooled by meniscus treatment while controlling for
sex, age, BMI, baseline Marx activity level, and baseline operative
cartilage grade.
Results: The cohort included 60 patients (32 female, median age 18.7
years). Concomitant meniscus treatment at the time of the index ACLR
was performed in 17 medial menisci (13 repair and 4 partial meniscectomy) and 27 lateral menisci (3 repair and 24 partial meniscectomy). Articular cartilage damage was worse in the ipsilateral ACLR
knee, with 37/60 patients having worse cartilage damage in the ACLR
knee compared to the contralateral knee (p<0.001). Meniscus tear
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treatment with ACLR predicted worse CDS for medial meniscus
treatment (p¼0.005 medial compartment CDS, p<0.001 whole joint
CDS) and for lateral meniscus treatment (p¼0.038 lateral compartment CDS, p¼0.863 whole joint CDS). Other predictors of worse relative CDS included younger and older ages for the medial
compartment (p<0.001), surgically observed articular cartilage damage in the patellofemoral compartment (p¼0.048), and lower and
higher BMI (p¼0.007) and older age (p¼0.020) for the whole joint
analysis. Complete baseline characteristics are presented in table 1,
and the distribution of cartilage damage by compartment is presented
in Figure 1. Multivariable modeling results are presented in tables 2
and 3.
Conclusions: Meniscus treatment with partial meniscectomy or
meniscus repair at the time of ACLR predicts worse articular
cartilage damage on MRI 2-3 years after surgery, with 62 percent
of patients having worse articular cartilage damage in their ACLR knee.
PRESENTATION NUMBER: 339
THE ASSOCIATION OF KNEE PAIN WITH FRAILTY: THE
INVESTIGATING MUSCULOSKELETAL HEALTH AND WELLBEING
COHORT STUDY
W.J. Chaplin, D.F. McWilliams, B. Millar, J.R. Gladman, D.A. Walsh. Univ.
of Nottingham, Nottingham, United Kingdom
Purpose: Pain is the most prevalent symptoms of knee osteoarthritis
and knee pain is common: approximately a quarter of middle-aged
people experience chronic knee pain. Frailty is a vulnerability state seen
in older people: older people with frailty have higher mortality, institutionalisation rates and are more disabled than those who are robust.
Pain is associated with the development of frailty in older people.
Understanding the links between knee pain and frailty will help design
interventions that minimise their impact and identify individuals at
highest risk for treatment and care. We report a cross-sectional analysis
of the association between pain and frailty in people with knee pain.
Methods: Participants were drawn from the baseline data from the ﬁrst
2473 people recruited to the Investigating Musculoskeletal Health and
Wellbeing (IHM&W) study, a UK longitudinal cohort study of volunteers. The inclusion criteria for the current study required participants
to have indicated knee as their most bothersome joint, to have completed all components of the FRAIL questionnaire, and to have reported
a Numerical Rating Score pain (NRS) of 1. The Numerical Rating Scale
asked participants: over the past 4 weeks, how intense was your
average pain or the average aching in your most bothersome joint,
where 0 is ‘no pain’ and 10 is ‘pain as bad as could be’?The FRAIL
questionnaire comprises ﬁve self-report items: Fatigue, Resistance,
Ambulation, Illnesses and Loss of weight, score from which are used to
categorise participants into three groups: robust, prefrail and frail.
Participants were asked ‘which is your level of physical activity (2-4
hours weekly) or none/mostly sedentary. The univariate association
between pain and frailty was examined using Spearman’s correlation

FACTOR

CATEGORY

OR (95% CI)

P-VALUE

Pain
Gender

NRS 1/10
Male
Female
<60 years
60-69 years
70-79 years
>80 years
Normal & underweight
(<24.9)
Pre-obese (25-29.9)
Obese (>30)
Regular (2-4 hours/week)
None / sedentary

1.61 (1.49,
Reference
1.64 (1.23,
1.31 (0.81,
Reference
1.38 (0.97,
1.75 (1.15,
Reference

1.74)

<0.001

2.19)
2.11)

0.001
0.277

1.96)
2.67)

0.069
0.009

1.05 (0.73, 1.50)
1.65 (1.14, 2.40)
Reference
2.89 (2.10, 3.99)

0.792
0.008

Age group

Body Mass Index
(kg/m2)

Physical activity

<0.001

Note: The outcome variable was FRAIL status (robust, prefrail and frail).

Table 1

Knee pain and frailty: Ordinal
Logistic Regression model

Osteoarthritis
andCartilage
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coefﬁcient. An ordinal logistic regression multivariable model was
produced including variables associated with both pain and frailty: To
examine whether our model assumptions were valid, the consistency of
the odds ratio for NRS pain across the different thresholds of FRAIL were
tested using the proportional odds test.
Results: 830 of the 2473 IMH&W participants reported knee as their
most bothersome joint, with pain rated 1/10. 56% were female,
median age 72 (range 40 to 95). Whilst, 26% of participants were categorised as normal BMI or lower, 39% were pre-obese and 36% were
obese. Thirty percent were not physically active. Mean NRS pain score
was 6.0 (SD¼2.2). 259 (31%) were robust, 341 (41%) were prefrail and
230 (28%) were frail. Pain levels increased with frailty: the mean pain
NRS was 4.7 (SD¼1.9) in the robust group, 6.0 (SD¼1.9) in the prefrail,
and 7.6 (SD¼1.6) in the frail. Pain NRS and frailty were positively correlated (rs¼ 0.52, p<0.001). The unadjusted odds of being allocated to a
higher FRAIL category increased by 1.70 (95% CI 1.58, 1.83) for each unit
increase in NRS pain (p<0.001). The proportional odds assumption test
was non-signiﬁcant (p¼0.062) indicating the ordinal logistic regression
assumption was met. After adjustment for gender, age, BMI and physical
activity, the adjusted odds were 1.61 (95% CI 1.49, 1.74), p<0.001.
Conclusions: In a cross-sectional analysis of people with knee pain,
increasing pain levels were associated with increasing levels of frailty.
Further work using longitudinal data from IMH&W is needed to explore
the possible chain of causality between pain and frailty.
PRESENTATION NUMBER: 340
THE PATIENT JOURNEY IN KNEE OSTEOARTHRITIS-VARIATIONS IN
DIAGNOSIS, PATIENT CHARACTERISTICS, AND TREATMENT BY
PHYSICIAN SPECIALTY
A.V. Bedenbaugh 1, G. Oderda 2, V.C. Lee 3, J. Moller 1, D. Brixner 2,
S. Kennedy 1, T. McAlindon 4, J.R. Tambiah 1. 1 Samumed, LLC, San Diego,
CA, USA; 2 Univ. of Utah Pharmacotherapy Outcomes Res. Ctr., Salt Lake
City, UT, USA; 3 The Kinetix Group, New York, NY, USA; 4 Tufts Med. Ctr.,
Boston, MA, USA
Purpose: Knee osteoarthritis (OA), a leading cause of chronic pain and
disability, affects an estimated 32.5 million adults in the United States.
Knee OA patients receive care from various physician specialties,
including orthopedists (OS), rheumatologists (RH), sports medicine
(SM) physicians, and pain specialists (PS). Current treatments for knee
OA target symptoms with conservative lifestyle measures and pharmacological treatments, such as over-the-counter (OTC) or prescription
(Rx) nonsteroidal anti-inﬂammatory drugs (NSAIDs) and intra-articular
corticosteroids (IA CS) or hyaluronic acid (IA HA). Finally, severely
painful and late-stage disease often leads to surgical intervention, such
as total knee replacement (TKR). Organizational guidelines provide
treatment recommendations for knee OA patients; however, these are
often in idealized settings, and there is limited documentation on realworld treatments and treatment decisions among practitioners. The
purpose of this study was to assess knee OA patient characteristics and
treatments across four specialties of interest: RH, OS, SM, and PS.
Methods: Board-certiﬁed physicians with  2 years of practice and who
were seeing  10 knee OA patients per week participated in a chart
review. Data on their two most recent knee OA patients (structured
questions and answers from patient medical records) were collected
from March to April 2019. Demographics, comorbidities, and treatments (time to treatment, line of treatment, discontinuations, etc.) were
captured. As no patient-identifying information was included, this
project was exempt from IRB review and HIPAA consent. Because this
study was designed to assess effect modiﬁcations, a conﬁdence level of
90% was used.
Results: Patient Characteristics: The chart review included 854 patients
who visited RH (n¼250), OS (n¼352), SM (n¼152), and PS (n¼100).
Within the total cohort, mean age was 65.2 years, mean BMI was 30.7,
and 51% were female. Mean BMI was signiﬁcantly higher in SM (33), PS
(31.6) versus OS (30.2), and RH (29.8) patients. RH saw signiﬁcantly
more female patients (58%) than OS (47%). Signiﬁcantly more PS
patients were unemployed (73%) and unemployed due to limitations of
function that impacted their ability to perform work (15%) than those
visiting other specialists (OS, 57% and 5%, respectively; RH, 60% and 7%;
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SM, 52% and 5%). The mean time from patient-reported symptom onset
to physician knee OA diagnosis was 3.4 years, whereas the mean time
from patient-reported OA diagnosis to previous TKR was 5.3 years. The
mean number of comorbidities was 2.6, with RH (2.6), SM (2.8), and PS
(3.2) seeing patients with signiﬁcantly more comorbidities than OS
(2.3). The most common comorbidities of interest included hypertension (57%), obesity (38%), and hyperlipidemia (33%). In addition, PS
patients reported signiﬁcantly more chronic back pain (38%) than those
visiting other specialists (OS, RH, or SM; 17%, 19%, or 24%, respectively)
as well as more anxiety/depression (28%) than those visiting OS (17%) or
RH (16%). Mean pain at last visit was 5.6 (0-10 NRS), and PS patients had
signiﬁcantly greater pain (6.5) than those visiting other specialists.
Treatments: OTC NSAIDs and acetaminophen (APAP) were ﬁrst-line
recommendations in over 90% of patients’ charts (Figure 1). IA CS were
used as a ﬁrst-line treatment in approximately 20% of patients, and IA
HA was used as a ﬁrst-line treatment in approximately 10% of patients;
usage was similar across specialties. Second-line treatments were rank
ordered IA CS>OTC/Rx NSAIDs/APAP>IA HA, and third-line treatments
were ordered IA HA>IA CS>OTC/Rx NSAIDs/APAP. Reasons for treatment discontinuation included lack of efﬁcacy/worsening of symptoms,
adverse event (AE)/safety concerns, and formulary/cost issues (Table 1).
IA CS demonstrated the highest discontinuation rate (82.4%) and
shortest mean duration of treatment (1.4 years), although reasons for
discontinuation were unknown in 48% of patients. Prescription antidepressants (25%), OTC treatments (27%), and APAP (28.5%) had the
lowest discontinuation rates. Rx NSAIDs had the longest mean duration
of treatment (3.7 years), followed by opioids (3.2 years). Lack of efﬁcacy
was the most common reason for discontinuation and was greatest in
patients receiving single-injection IA HA (61%). AE/safety concerns were
the primary reason for discontinuation of opioids (51%) and the second
most common reason for discontinuation of Rx NSAIDs and COX-2
inhibitors. Limitations of this study included potential selection bias,
confounding by risk factors, small sample size, and missing data.
Conclusions: Despite some differences in patient characteristics and
comorbidities across specialties, treatment strategies for knee OA were
largely similar. Among the US knee OA population, PS saw more
patients with pain syndromes and higher BMIs, whereas RH saw more
patients with RA or other rheumatic diseases. OS patients were signiﬁcantly more likely to use OTC NSAIDs/APAP than RH patients and
less likely than SM and PS patients to use Rx NSAIDs. A lack of efﬁcacy
drove most treatment changes, particularly in the case of IA HA. These
observations suggest a need for additional therapeutic options to treat
knee OA patients, particularly in light of the high proportions of existing
treatments that lost efﬁcacy or presented safety concerns.
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PRESENTATION NUMBER: 341
ARE
MERCHANT
VIEWS
USEFUL
OSTEOARTHRITIS?

FOR

PATELLOFEMORAL

M.H. Jones, F. Altahawi, N. Obuchowski, M. Aslan, G. Strnad,
K.P. Spindler, N. Subhas. Cleveland Clinic, Cleveland, OH, USA

KL grade KL grade KL grade KL grade KL grade MEDIAN
PF ¼ 0
PF ¼ 1
PF ¼ 2
PF ¼ 3
PF ¼ 4
JSW_PF
MRI¼non
MRI¼mild
MRI¼moderate
MRI¼severe

21
29
7
2

30
42
13
6

59
90
46
24

MRI vs X-ray PFOA

7
11
13
27

1
1
2
11

7.6
7.1
6.4
5.4

Osteoarthritis
andCartilage

Purpose: To evaluate the effectiveness of merchant view radiographs
(MVR) to identify and grade patellofemoral osteoarthritis (PFOA) relative to MRI.
Methods: A cohort of patients who underwent partial meniscectomy at
a single large institution aged at least 45 years with a knee MRI within
the preceding 6 months and with MVR within the preceding year was
selected. PFOA was evaluated on MVR using KL grading (0-4) and
minimum joint space width (mJSW) by a musculoskeletal (MSK) radiologist or a trained medical student. Size and depth of cartilage loss in
the patellofemoral compartment was graded on MRI by an MSK radiologist using clinically used grading systems. MRI ﬁndings were classiﬁed into none, mild, moderate, or severe categories apriori. Positive
and negative predictive values (PPV and NPV) and ROC curves for KL
grading were calculated for detecting PFOA on MRI as none or mild
(negative) versus moderate or severe (positive). Prediction models were
built for comparing ROC curves for KL and mJSW variables.
Results: 442 patients were identiﬁed with MVR and MRI. MVR KL
grades of 0 or 1 had relatively good NPV for OA on MRI (81.3%, 95% CI:
[75.1%, 78.5%]). MVR KL grades of 4 had similarly good PPV (86.7%, 95%
CI: [69.5%,99%] ). MVR KL grades of 2 had relatively poor NPV (68.0%)
and KL grades of 3 had similarly poor PPV (69.0%). MVR KL grades of 2
and 3 accounted for 62.6% of the radiographs. ROC areas were poor to
fair for KL grading (ROC area 0.696) and for a mJSW model (ROC area
0.686). A model with both KL and JSW (ROC area 0.709) was not signiﬁcantly better than just KL grading (p¼0.623).
Conclusions: MVR may be diagnostically useful for PFOA when they are
essentially normal (KL 0 or 1) or very abnormal (KL 4). MRI should be
more strongly considered if there is mild to moderate radiographic
PFOA (KL 2 or 3), as radiographs are less accurate at these grades.
PRESENTATION NUMBER: 342
USING THE PATIENT ACCEPTABLE SYMPTOM STATE (PASS) TO
EVALUATE KOOS OUTCOMES 3-12 YEARS FOLLOWING A YOUTH
SPORT-RELATED KNEE INJURY
C.M. Toomey 1, 2, J.L. Whittaker 3, 4, L. Palacios-Derﬂingher 1, 5,
C.A. Emery 1, 5. 1 Faculty of Kinesiology, Univ. of Calgary, Calgary, AB,
Canada; 2 Sch. of Allied Hlth., Univ. of Limerick, Limerick, Ireland; 3 Dept.
of Physical Therapy, Faculty of Med., Univ. of British Columbia,
Vancouver, BC, Canada; 4 Arthritis Res. Canada, Richmond, BC, Canada;
5
Cumming Sch. of Med., Univ. of Calgary, Calgary, AB, Canada
Purpose: Anterior cruciate ligament (ACL) and other traumatic intraarticular knee injuries are associated with an increased likelihood of
developing knee joint osteoarthritis (OA). Research has elucidated the
negative consequences on health outcomes that are present in this
population in the short-term (1-2 years) and medium-term (3-15 years)
interval post injury. The Knee Injury and Osteoarthritis Outcome Score
(KOOS) is a common patient-reported outcome measure (PROM) used
to track the most prevalent clinical features across the timeline from
knee injury to OA. An alternative method of observing KOOS has been to
use deﬁned thresholds of “patient acceptable symptom state” (PASS) in
cohorts up to 5 years post-injury, allowing for a better clinical interpretation of what is deemed “acceptable” to a patient on each 0-100
sub-scale. Reports of PASS interpret that symptoms stabilize and do not
change much from 1 to 2 years postoperatively. However, these
thresholds have not been examined across different knee injuries in a
cohort at a further timepoint from injury compared to controls. The
objective of these analyses was to report the proportion of persons that
meet KOOS PASS thresholds 3-12 years following a youth sport-related
knee injury across injury types (uninjured, ACL and/or meniscal injury
or other knee injury) and evaluate the association of knee injury type
with the KOOS symptoms PASS threshold, adjusting for time since
injury and sex.
Methods: Participants recruited included individuals with a 3-12 year
history of a youth (<18 years) sport-related intra-articular knee injury
and age-, sex- and sport-matched uninjured controls from the Alberta
Youth Prevention of Early Osteoarthritis (PrE-OA) cohort. Knee injury
was deﬁned as a clinical diagnosis of a ligament, meniscus, or other
intraarticular tibiofemoral or patellofemoral injury requiring medical
attention and resulting in time-loss from sport. For participants who
completed more than one follow-up, the furthest time-point from
injury was used. PASS thresholds [Ingelsrud et al - Norwegian Knee
Ligament Registry 2 years post ACL reconstruction (ACLR) reference
population] were applied to KOOS sub-scales (pain, symptoms, activities of daily living (ADL), sport & recreation and quality of life (QOL)) by
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injury type. The proportion of those meeting PASS thresholds was
reported. The odds [OR and 95% CI] of not meeting the KOOS symptoms
PASS threshold by injury type [no knee injury history, grade III ACL tear
and/or meniscal injury history or other knee injury history] was
explored using multivariable logistic regression and clustered on
matched characteristics of sex and sport. This model was adjusted for
time since injury, sex, and the interaction between injury type and time
since injury.
Results: The ﬁnal dataset included 253 participants [124 previously
injured (n¼89 ACL and/or meniscal injury and n¼35 other knee injury),
129 uninjured controls]. The median age was 24.2 (range 15-30) years
and 55% were female. Previously injured participants were 7.8 years
(range 3-12.6 years) post-injury at the time of data collection. Participants were grouped into 21 clusters based on sex and sport with cluster
sizes ranging between 2 and 69 participants. Table 1 displays the KOOS
median (interquartile range) and proportion of participants meeting
PASS thresholds by injury type. Graphical comparison of median KOOS
subscales with PASS thresholds and the Norwegian Knee Ligament
Registry is shown in Figure 1. For those with an ACL and/or meniscal
injury, the odds of not achieving an “acceptable” KOOS symptoms PASS
score were 3.9 times (95% CI: 2.5, 6.2) the odds for uninjured controls
while those with other knee injuries had 2.3 times (95% CI: 1.4, 3.9) the
odds of uninjured controls. Sex, time since exposure or interaction
terms did not signiﬁcantly inﬂuence these ﬁndings.
Conclusions: In a cohort 3-12 years following youth sport-related
traumatic knee injury, 59.6% of those with an ACL and/or meniscal
injury history met a KOOS symptoms threshold deemed acceptable by a
cohort 2-years from ACL injury. For those with a different type of knee
injury (e.g. collateral ligament), 71.4% met this threshold, demonstrating that there might be some in this group struggling despite what may
be considered a “less severe” injury and that traditionally has garnered
much less attention. In multivariable regression, sex or time since injury
were not identiﬁable factors in groups that were likely to score worse.
PASS% for KOOS pain and ADL showed similar behaviour, with 11-31% of
previously injured participants not meeting the thresholds. Observing
group averages and PASS proportions, individuals >3 years post-injury
appear to score much higher on the sport and recreation (95.5-100%
PASS) and QOL (96.6-100% PASS) domains compared to a cohort 2-years
post-ACLR. This may be explained by an actual improvement in these
domains, younger age in the PrE-OA cohort, or an acceptance over time
of the impact of the injury on sport participation by a change in values
or lifestyle. Validation of clinical thresholds for individuals >5 years
post-injury is lacking. A comparison of individuals at different periods
of time post-injury is helpful in understanding a possible clinical trajectory towards osteoarthritis. However, more research is needed to
help identify the clinical features of those most at risk in this time
period and to identify the trajectory of change on these outcomes.
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PRESENTATION NUMBER: 343
THE RELATIONSHIP OF HAND OSTEOARTHRITIS SYMPTOM ONSET
WITH MENOPAUSE AND MENOPAUSAL HORMONAL THERAPYRESULTS OF A RETROSPECTIVE SECONDARY CARE STUDY
F.E. Watt 1, M. Gulati 1, G. Brewer 1, A. Judge 2, D. Kennedy 3,
T.L. Vincent 1. 1 Univ. of Oxford, Oxford, United Kingdom; 2 Univ. of Bristol,
Bristol, United Kingdom; 3 Imperial Coll. London, London, United Kingdom
Purpose: Hand osteoarthritis (OA) is more common in women and
previous studies have noted its incidence increases around the time of
the menopause. More recently, there has been a report in a large primary care dataset of increased incidence of hand OA following cessation
of menopausal hormonal therapy (MHT). We set out to describe the
temporal relationship between menopause, use of MHT and the onset of
hand symptoms in a population of women with hand OA in a secondary
care (rheumatology) setting. Our objectives were: i) to explore if there
was a temporal relationship between the onset of menopause and the
onset of hand OA symptoms; ii) to describe if current or previous use of
MHT was associated with the timing of onset of hand OA symptoms; iii)
To examine if cessation of MHT was associated with onset of hand OA
symptoms.
Methods: This was a retrospective review of UK NHS medical records
(UK IRAS ethics #282499). Sequential females aged 18 years and older
referred to specialist hand OA clinic in London, UK 2007-2015 with a
diagnosis of Hand OA by accepted clinical criteria were included;
exclusions were other forms of arthritis or causes of hand pain. Predeﬁned outcome measures were reported age of onset of hand symptoms, reported age of Final Menstrual Period (FMP); predeﬁned
variables were use of systemic estrogen-containing MHT (subgroups
current, previous, never users) and menopausal status (premenopausal,
post-menopausal [at least one year post FMP]; peri-menopausal period
deﬁned as FMPþ/- 4 years). These variables, age and other demographics were from the usual healthcare records, with all predeﬁned
variables recorded by standardised proforma used routinely in this
setting. Descriptive statistics and linear regression modelling (coefﬁcient, 95% CI are given) were carried out in STATA IC.
Results: 82/98 females were post-menopausal, with mean age at FMP
of 50. In these post-menopausal women, median time from FMP to
hand symptom onset was 3 years (range -25, 60 years). 48/82 (59%) of
these women developed their hand symptoms within the deﬁned perimenopausal period. In women who had discontinued MHT, the median
time from cessation of therapy to onset of hand symptoms was 6
months. Past users of MHT were older at onset of reported hand
symptoms than women who had not taken MHT (coeff.4.7 (0.92, 8.39);
P¼0.015). This association persisted when adjusted for menopausal
status.
Conclusions: This study of real-world, patient-level data in women in a
hospital care setting adds to the circumstantial evidence which associates the menopause with onset of OA symptoms; in this population, a
signiﬁcant subgroup of women are seen to present around the time of
their menopause with hand OA symptoms. The use of MHT and its
cessation appeared to be associated with the age of onset of hand OA
symptoms in this particular population. There of limitations of this type
of study, including risk of recall or referral bias, or other uncontrolled
bias; also that the type and duration of MHT could not be taken into
account. It is important that these ﬁndings are re-tested in different
settings. It cannot be known from this type of study whether the effects
of menopause are mediated by sex hormone deﬁciency directly or by
other factors; also whether menopause is causative, is a disease
modiﬁer or a symptom modiﬁer in these women. OA is a female-preponderant disease: the sexual dimorphism particularly observed in
hand OA and the clues that the inﬂuence of menopause may give us on
the underlying pathogenesis of OA deserve more attention.
PRESENTATION NUMBER: 344
THE RELATIONSHIP OF LOWER BODY STRENGTH AND FUNCTIONING
WITH TRAJECTORIES OF STAIR USE FREQUENCY OVER 6 YEARS IN
ADULTS WITH OR AT RISK FOR KNEE OSTEOARTHRITIS
J.T. Jakiela, D. Voinier, T. Bye, M. Tukis, J. Corey, D.K. White. Univ. of
Delaware, Newark, DE, USA
Purpose: Knee osteoarthritis (OA) is the most common cause of disability in older adults, and difﬁculty with climbing stairs is one of the
most frequently-reported functional limitations in adults with knee OA.
Adequate lower body strength and functioning are important in the
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ability to climb stairs. However, little is known about how the frequency
of climbing stairs may change over time, and to what extent lower body
strength and functioning is related to such change. Understanding what
trajectories of stair use frequency may exist and how lower body
strength and functioning are related to these trajectories are important
to predict future patterns of change and to identify potential treatment
targets that may positively inﬂuence change. Therefore, the purpose of
this study was to identify and describe trajectories of stair use frequency
over 6 years in adults with or at high risk for knee OA and to describe
the relationship of baseline lower body strength and functioning with
the stair use frequency trajectories.
Methods: We used data from the Osteoarthritis Initiative (OAI), a large
cohort study of adults with or at risk for knee OA. Exposures of interest
included lower extremity strength and functioning and were assessed
at baseline. Lower extremity strength was measured using maximal
isometric knee extensor force and dichotomized into high or low
strength based on sex-speciﬁc means normalized to BMI (greater than
or equal to 16.21 N/(kg/m2) for males and greater than or equal to 10.82
N/(kg/m2) for females ¼ high strength group). Lower extremity functioning was assessed via the repeated chair stand test and self-selected
gait speed. Time on the repeated chair stand test was averaged over two
trials and classiﬁed by a known threshold for falls risk (less than 12
seconds ¼ fast repeated chair stand time). Self-selected gait speed
(meters/second) was measured on a 20m track and classiﬁed by a
known threshold for community walking speed (greater than or equal
to 1.22 m/s ¼ fast gait speed). Stair use frequency was assessed with the
question “How often do you climb up a total of 10 or more ﬂights of
stairs during a typical week, in the past 30 days?”. Answer options
included None, 1-2 days per week, 2-3 days per week, 4-5 days per
week, & nearly every day or every day. Responses were collected at
baseline, 12-month, 24-month, 36-month, 48-month, and 72-month
visits. Stair use frequency responses were averaged (i.e. 1-2 days would
be 1.5 days) to create pseudo-continuous values and trajectories of stair
use frequency were identiﬁed using group-based modeling (PROC TRAJ
in SAS). To describe the model ﬁt, we calculated posterior probabilities
of correct classiﬁcation of individual trajectories into the larger groups.
Trajectory groups were described using means and standard deviations
or frequencies. To determine the association of trajectory group membership with gait speed, repeated chair stand time, and knee extensor
strength, we used multinomial logistic regression models to calculate
odds ratios (OR) and 95% conﬁdence intervals (95% CI), adjusted for
potential confounders at baseline (age, sex, BMI, race, education, knee
pain severity, presence of radiographic knee OA, physical activity level,
presence of comorbidity, presence of depressive symptoms).
Results: 4352 participants (age: 61.1 ± 9.2 years old, sex: 58.1% female,
BMI: 28.6 ± 4.8 kg/m2) had a baseline and at least two follow-up data
points for knee bending frequency, producing 5 distinct trajectory
groups (Figure 1): (1) Frequent Use (n ¼ 1984/4352, 45.6%), (2)
Increasing Use (n ¼ 561/4352, 12.9%), (3) U-Shaped Use (n ¼ 405/4352,
9.3%), (4) Decreasing Use (n ¼ 492, 11.3%), and (5) Minimal Use (n ¼ 910,
20.9%). Descriptive characteristics of each trajectory group are displayed
in Table 1. Among those with low knee extensor strength at baseline, the
odds of membership in the Decreasing Use (OR [95% CI] ¼ 1.31 [1.03,
1.67]) or Minimal Use (OR [95% CI] ¼ 1.23 [1.01, 1.50]) trajectory groups
were 31% greater or 23% greater, respectively, relative to those with high
knee extensor strength (Table 2). Among those with a slow repeated
chair stand time at baseline, the odds of membership in the Decreasing

Use (OR [95% CI] ¼ 1.35 [1.05, 1.72]) or Minimal Use (OR [95% CI] ¼ 1.35
[1.10, 1.65]) trajectory groups were 35% greater for both, relative to those
with a fast repeated chair stand time (Table 2). Among those with a slow
gait speed at baseline, the odds of membership in the Increasing Use
(OR [95% CI] ¼ 1.43 [1.13, 1.80]) or Minimal Use (OR [95% CI] ¼ 1.35 [1.10,
1.64]) trajectory groups were 43% greater or 35% greater, respectively,
relative to those with a fast gait speed (Table 2).
Conclusions: Those with low knee extensor strength or a slow repeated
chair stand test at baseline were more likely to have never engaged in
stair use (Minimal Use) or to have decreased their stair use over time
(Decreasing Use). The Minimal Use association is to be expected, as
those with worse lower extremity strength and functioning may not
have the capacity to perform a demanding task like stair climbing. The
Decreasing Use association may indicate that not having the lower
extremity strength and functioning to engage in stair use may decrease
the likelihood of maintaining the ability to perform that task, therefore
decreasing one’s functional status over time. Walking less than 1.22 m/s
at baseline was associated with membership in trajectory groups
composed of people who either never engaged in stair use (Minimal
Use) or who had low stair use that increased over time (Increasing Use).
While the Minimal Use association is seemingly expected, the
Increasing Use association is less clear. It is possible that, while gait
speed is a good indicator of functioning and being physically active, it
may provide less prognostic information about stair use - a more
demanding activity - relative to lower extremity strength and repeated
chair stand time. Alternatively, it is unclear if gait speed improved over
time with concurrent increases in stair use.
PRESENTATION NUMBER: 345
ASSOCIATION OF KNEE EFFUSION ON MRI WITH THE DEVELOPMENT
AND PROGRESSION OF FLEXION CONTRACTURES
Y. Zhang 1, E.C. Sayre 2, A. Guermazi 3, S. Nicolaou 1, J. Cibere 2,1. 1 Univ. of
British Columbia, Vancouver, BC, Canada; 2 Arthritis Res. Canada,
Richmond, BC, Canada; 3 Boston Univ. Sch. of Med., Boston, MA, USA
Purpose: Knee osteoarthritis (OA) is a highly prevalent disease associated with long-term impairments in joint function. An example of
such are ﬂexion contractures, which are deﬁned as chronically ﬂexed
joints that cannot be straightened actively or passively. Although ﬂexion contractures are common in the OA population, few studies explore
the underlying mechanism behind their development. As ﬂexion contractures create signiﬁcant disability and are challenging to treat,
determining methods of primary prevention is integral. The aim of this
study was to evaluate the association of knee effusion on MRI and on
physical examination with the development and progression of ﬂexion
contractures in a population-based symptomatic knee cohort with
predominantly pre-radiographic OA.
Methods: This study used data from the knee osteoarthritis progression
(KOAP) cohort, a population-based cohort in Vancouver, Canada. 163
subjects aged 40 to 79 with knee pain, representing the entire spectrum
of OA disease severity (11% with no OA, 50% with pre-radiographic OA,
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and 39% with radiographic OA), were recruited using random population sampling into a three-year longitudinal study. Subjects were
evaluated at baseline and follow-up using standardized knee examination and MRI (1.5T). A comprehensive questionnaire including sociodemographic information, health history, and the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC) was also
completed. Effusion on physical examination was deﬁned as present if
either the patellar tap or bulge sign was positive. MRIs were read by an
experienced musculoskeletal radiologist for effusion which was graded
on a scale of 0-3, where 0¼absent, 1¼mild, 2¼moderate, and 3¼large.
Effusions on MRI were deﬁned as 2. Flexion contractures were
measured on physical examination by an experienced examiner using a
long-arm goniometer. Effusion and ﬂexion contracture evaluations on
physical examination had good inter-rater reliability with reliability
coefﬁcient of 0.97 for bulge sign, prevalence-adjusted bias-adjusted
kappa of 0.78 for patellar tap, and a reliability coefﬁcient of 0.95 for
ﬂexion contracture. Cross-sectional and longitudinal analyses were
performed using logistic regression to determine whether knee effusions on MRI and physical examination at baseline were associated with
prevalence, incidence, and progression of ﬂexion contractures. In our
primary analysis, prevalence of ﬂexion contractures was deﬁned as a
measurement of 1º on goniometry, incidence of ﬂexion contracture
was deﬁned as a measurement of <1º at baseline and 1º at follow-up,
and progression of ﬂexion contracture was deﬁned as a measurement of
1º at baseline and an increase of 1º at follow-up. Secondary analyses
were performed with prevalence of ﬂexion contractures deﬁned as 3º,
incidence of ﬂexion contractures deﬁned as <3º at baseline and 3º at
follow-up, and progression of ﬂexion contractures deﬁned as 3º at
baseline and an increase of 1º at follow-up. We chose to redeﬁne
ﬂexion contractures to be 3º in this analysis as it was deemed to
represent a clinically evident ﬂexion contracture that can be observed
by visual estimation alone. Further, acknowledging that MRIs are not
readily used in the clinical management of OA, tertiary analyses were
performed with physical exam effusion as the predictive factor for
ﬂexion contractures 3º, using the same deﬁnition for prevalence,
incidence, and progression as our secondary analyses. Analyses were
adjusted for age, sex, BMI, and, in longitudinal analyses, change in knee
effusion from baseline to follow-up. Descriptive statistics and analyses
used stratum-sampling weights for population representativeness.
Results: Of the 163 subjects, 88 (54%) were female, mean age was 57.6
(SD 10.1) years, and mean BMI was 26.1 (SD 4.2). At baseline, MRI
effusion 2 was present in 23 (13.8%), physical exam effusion was
present in 36 (21.9%), ﬂexion contractures 1º were present in 104
(63.6%), and ﬂexion contractures 3º were present in 49 (29.8%). In our
primary analysis, MRI effusion was associated with the prevalence of
ﬂexion contractures (n¼163, odds ratio (OR) 5.58; 95% conﬁdence
interval (95% CI) 1.31-23.66) but not with its incidence (n¼59, OR 1.90;
95% CI 0.03-120.31) or progression (n¼104, OR 2.59; 95% CI 0.76-8.82).
In our secondary analyses with ﬂexion contractures redeﬁned as 3º,
MRI effusion was associated with the prevalence (n¼163, OR 3.84; 95%
CI 1.43-10.32) and incidence (n¼114, OR 7.08; 95% CI 1.24-40.32) of
ﬂexion contractures, but not its progression (n¼49, OR 1.26; 95% CI

N (%)
Demographics
Women, N (%)
age years, median (IQR)
BMI, kg/m2, median (IQR)
KOOS. 0-100 score (median, IQR)
KOOS symptoms
KOOS QOL
KOOS pain
KOOS function
KOOS Sports and recreation
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0.20-7.88). Our tertiary analyses using physical examination effusions as
the predictive factor for ﬂexion contractures 3º yielded similar results,
with statistically signiﬁcant associations in prevalence (n¼163, OR 2.47;
95% CI 1.08-5.66) and incidence (n¼114, OR 18.66; 95% CI 2.89-120.25)
but not progression of ﬂexion contractures (n¼49, OR 1.60; 95% CI 0.269.92).
Conclusions: In this population-based cohort of subjects with predominantly pre-radiographic knee OA, effusions on MRI and physical
exam were associated with the prevalence and incidence of ﬂexion
contractures, although for incidence, this was only statistically signiﬁcant for ﬂexion contractures deﬁned as 3º but not 1º. In contrast,
we did not ﬁnd a statistically signiﬁcant association of effusion with
progression of ﬂexion contractures, which may be due to a relatively
short follow-up period of three years, a small sample size for some
analyses, or our deﬁnition of progression as an increase of 1º. Similar
Results were observed using both MRI effusion and physical exam
effusion as the predictive factor, demonstrating clinical applicability. As
joint effusions can be managed with anti-inﬂammatory medications
and intra-articular steroid injections, this study suggests an avenue of
potentially preventing ﬂexion contracture development in patients
with knee OA.
PRESENTATION NUMBER: 346
THE RELATION BETWEEN ILLNESS PERCEPTION PROFILES AND SELF
MANAGEMENT STRATEGIES IN A COHORT OF ELDERLY INDIVIDUALS
WITH KNEE PAIN A CROSS-SECTIONAL STUDY BASED ON THE
FREDERIKSBERG COHORT
E. Ginnerup-Nielsen 1, R. Christensen 1, 2, B.L. Heitmann 1, 3,
R.D. Altman 4, L. March 5, A. Woolf 6, H. Bliddal 1, M. Henriksen 1, 7. 1 The
Parker Inst., Bispebjerg and Frederiksberg Hosp., Copenhagen, Denmark;
2
Dept. of Rheumatology, Odense Univ. Hosp., Odense, Denmark; 3 Dept.
of Publ. Hlth., Section for Gen. Practice, Copenhagen Univ., Copenhagen,
Denmark; 4 Div. of Rheumatology and Immunology, Univ. of California,
Los Angeles, CA, USA; 5 Inst. of Bone and Joint Res., Univ. of Sydney and
Dept. of Rheumatology, Royal North Shore Hosp., Sydney, Australia;
6
Bone and Joint Res. Group, Royal Cornwall Hosp., Truro, TR1 3HD,
Cornwall, United Kingdom; 7 Dept. of Physical and Occupational
Therapy, Copenhagen Univ. Hosp. Bispebjerg and Frederiksberg,
Copenhagen, Denmark
Purpose: Knee pain among the elderly has been shown to be an early
sign of later incident radiographic knee OA and affects the daily life of
the individual while it incurs high costs on society. Therefore, early
preventive measures against pre-OA knee pain are important. Many
individuals with pre-OA knee pain self-manage their condition without
seeking health care assistance until a further deterioration of the conditions has occurred. Conceptually, perception of illness is a determinant of how an individual chose to self-manage and seek assistance in
conditions like heart disease, sleep disorders, and inﬂammatory
arthritis. It is, however, unclear how illness perception is associated
with the use of self-management strategies among people with knee

Users

Non-users

Difference Between Groups (95% CI)

923 (59.5%)

629 (40.5%)

294 (19%)

P*

612 (66.3%)
64 (62-67)
26.6 (23.6-30.5)

381 (60.6%)
64 (62-67)
24.8 (22.6-27.9)

231 (5.7%)
0
-1.8 (-2.27 to -1.33)

0.02
0.35

57.1 (50.0-64.3)
56.2 (43.8-68.8)
75.0 (61.1-86.1)
80.9 (66.2-91.2)
45 (25-70)

64.3 (57.1-67.9)
68.8 (62.5-81.2)
86.1(77.8-91.7)
91.2 (83.8-97.1)
70.0 (50-90)

7.2 (5.9 to 8.5)
12.6 (11 to 14.2)
11.1 (9.7 to 12.5)
10.3 (8.8 to 11.8)
25.0 (21.7 to 28.3)

<
<
<
<
<

0.0001
0.0001
0.0001
0.0001
0.0001

Values are medians (IQR), unless otherwise stated. *Statistical signiﬁcance accepted at P>0.05 KOOS: Knee injury and Osteoarthritis Outcome Score

Table 1
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EQ-5D Index (median, IQR)
Current VAS pain, 0-100 mm (median, IQR)
Brief-IPQ, 1-10 score (median, IQR)
consequences B-IPQ 1
timeline B-IPQ 2
personal control B-IPQ 3
treatment control B-IPQ 4
identity B-IPQ 5
concern B-IPQ 6
coherence B-IPQ 7
emotional representation B-IPQ 8
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Users

Non-users

Difference

P*

0.776 (0.723-0.824)
25 (10.75-50)

0.824 (0.776-1.000)
12 (3-25)

0.048 (0.039 to 0.057)
-13 (-15 to -11)

< 0.0001
< 0.0001

4.0 (2-6)
10.0 (6-10)
6.0 (4-8)
7.0 (5-9)
5.0 (3-7)
5.0 (3-7)
8.0 (5-9)
2.0 (1-5)

2.0
8.0
7.0
5.0
3.0
3.0
8.0
2.0

-2.0 (-2.3 to -1.7)
-2.0 (-3.1 to -0.9)
1.0 (0.6 to 1.5)
-2.0 (-2.4 to -1.6)
-2.0 (-2.3 to -1.7)
-2.0 (-2.4 to -1.6)
0
0

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.28
< 0.0001

(2-3)
(5-10)
(5-9)
(2-7.5)
(2-5)
(2-5)
(5-9)
(1-2)

Values are medians (IQR), unless otherwise stated. *Statistical signiﬁcance accepted at P>0.05 EQ5D: EuroQol-5 Domain, Brief-IPQ: Brief illness perception questionnaire

Table 2

pain. Accordingly, the aim of this study was to explore the association
between illness perception, intensity of knee pain and other knee
symptoms, health related quality of life and extent of self-management
strategies among elderly individuals with knee pain.
Methods: In 2018, we surveyed 8,204 60-69 years old citizens in the
Municipality of Frederiksberg. Knee pain prevalence was deﬁned based
on the yes/no answer to the question “Have you experienced any pain/
discomfort from your knee/knees during the last month?” We analyzed
the associations between illness perceptions, self-reported functional
level and knee symptoms, current knee pain, health related quality of
life and extent of different self-management strategies. Illness perceptions were measured using the Danish version of the brief illness perception questionnaire [B-IPQ]) that assesses perceptions of threat on
the following ﬁve dimensions: Identity, Cause, Timeline, Consequences
and Cure-Control. The 8 items are scored on a 1-10 numeric rating scale
with descriptors (none or extreme) at either end with 1 being no perceived threat in items 1,2, 5, 6 and 8 (e.g. no symptoms/no consequences/no concern) like item 1: “How much does your knee pain
affect your life?”, 1¼ “no affect at all”, 10 ¼ “severely affects my life” and
highest perceived threat (e.g. no illness control/no effect of treatment/
no illness understanding). in items 3,4 and 7 like item 3: “How much
control do you feel you have over your knee pain?”, 1¼ “absolutely no
control”, 10 ¼ “extreme amount of control”. Self-reported functional level
and knee symptoms were measured via the Knee injury and Osteoarthritis Outcome Score (KOOS), current knee pain was based on a 100
mm visual analogue scale (VAS) while we used the EuroQol (EQ-5D) to
measure health related quality of life. Self-management strategies
included conventional medicine and complementary and alternative
medicine. Conventional medicine was deﬁned as use of respectively
conventional non-pharmacological treatments (physiotherapy, chiropractic or weight loss) and conventional pharmacological treatments
(over the counter medication or prescription pain killers). Complementary and alternative medicine (CAMs) was deﬁned as either use of
vitamins/minerals like vitamin D or calcium, dietary supplements like
rosehip or ﬁsh oil or non-medical treatments like acupuncture or
massage.
Results: Out of the 8,204 citizens, 3844 (47%) responded to our
invitation and a total of 1552 (40.4%) reported knee pain. From the
1552 respondents with knee pain, 923 (59.5%) reported use of any
kind of treatment or supplement speciﬁcally for their knee pain and
were categorized as “users” - the rest (629; 40.5%) were categorized
as “non-users”. Of the 923 users, 398 (43.1%) reported to use only
one type of treatment. Non-users had a signiﬁcantly better illness
perception than users (Table 2) and scored signiﬁcantly higher (less
symptoms) than users according to all KOOS subscales (Table 1) with
the largest differences observed in the KOOS Sports and Recreation,
and KOOS QOL subscales (median difference: 25 [95% CI: 21 to
28.34] and 12.6 [95% CI: 11 to 14.2], respectively). Likewise, EQ-5D
scores were also signiﬁcantly higher among non-users than users
(median difference: 0.048 [95% CI: 0.039 to 0.057]) while the median
current VAS Pain was 13 mm lower (95% CI: -15 to -11) among non-
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users than users. Still, non-users reported to be signiﬁcantly functionally affected with moderate knee pain levels (median current
VAS: 12 [IQR 3-25]).
Conclusions: As expected, a worse illness perception was associated
with higher degrees of knee symptoms and lower quality of life. A
considerable proportion of people aged 60- 69 years, experience knee
pain but do not self-manage or seek assistance. As early knee pain
predicts later radiographic knee OA these non-users with knee pain
represent a subpopulation with an unrecognized need and there may be
a potential preventive gain in identifying those who are not yet patients
but report symptoms of early OA.
PRESENTATION NUMBER: 347
MOTILITY OF HEALTHY ELDERLIES WITH KNEE PAIN ARE IMPAIRED
IN COMPASIRON TO THAT OF THOSE WITHOUT KNEE PAIN -THE
BUNKYO HEALTH STUDY
S. Wakana 1, H. Kaneko 1, Y. Negishi 1, L. Liu 1, 2, T. Aoki 2, M. Momoeda 1,
A. Adiri 1, J. Tohmura 1, Y. Someya 2, Y. Tamura 2, 3, R. Kawamori 2, 3,
M. Ishijima 1. 1 Dept. of Med. for Orthopaedics and Motor Organ, Juntendo
Univ. Graduate Sch. of Med., Tokyo, Japan; 2 Sportology Ctr., Juntendo Univ.
Graduate Sch. of Med., Tokyo, Japan; 3 Dept. of Metabolism &
Endocrinology, Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan
Purpose: Maintaining the mobility function of the elderly is an
extremely important world issue for extending healthy life expectancy
in modern society. Although prevention and medical treatment of
motor oargan disorders may contribute to maintain the mobility of the
elderlies, there are many challenges and concerns to realize this issue.
Therefore, at present, it is important for elderlies who have mortor
organ disorders to maintain their motility (¼ locomotive function), as
much as possible. The concept ‘locomotive syndrome’ is deﬁned as a
restricted ability to walk or lead a normal life due to dysfunction in one
or more parts of the motor organ (locomotive) system, including
muscles, bones, joints, cartilage, and intervertebral discs. Osteoarthritis
of the knee (knee OA) is one of three representative mortor organ
disorders those induce Loscomotive syndrome in elderlies. Locomotive
dysfunction will a universal concern in a super-aged world, so the rest of
the world can help prepare to confront this issue by learning from
Japan’s experience. The locomotive syndrome is consisted of three
“Locomo stages”, such as Locomo stage 0, 1, and 2, which are classiﬁed
by the scores evaluated by three ‘locomotive syndrome risk tests
(LSRTs)’. In May 2000, “Locomo stage 3” was deﬁened as “a state in
which locomotive function declines and social participation is restricted, which is close to frailty, among those who have a conventional
Locomo grade 2”. In this study, we examined whether there was any
association between knee OA and Locomo stage 3 in healthy elderlies.
Methods: A total of 1,629 subjects aged between from 65 to 84 years of
age were participated in a large cohort study conducted by our university (the Bunkyo Health Study) during from November 2015 to
September 2018 (BMJ Open 2019). A written informed consent was
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obtained from all participants of this study. 1,145 among 1,629 subjects
who underwent both the plain radiograph in the standing position and
MRI on knee joint and who showed 173 of femoro-tibial angle (FTA)
were included (mean 72.9 years, 57% female). Locomo grade is determined by a two-step test, standing up test, and Locomo 25. Knee OA
changes were evaluated by standing plain X-ray and WORMS on MRI.
Results: While 308 among 1,145 subjects (26.9%) was deﬁned as
Locomo grade 0 (no locomotive syndrome), 615 (53.7%) and 222 (19.4%)
were Locomo grade 1 and 2 (old), respectively. Among the Locomo
grade 2 (old), 79 (35.6%, 6.9% of the total) was corresponded to Locomo
grade 3 [Locomo grade 2 (new): 143 (64.4%, 12.4% of the total)]. Of the
Locomo grade 2 (new), 99 (69.2%), 26 (18.2%), and 18 (12.6%) showed
Kellgren-Lawrence (K/L) grade 2, 3, and 4, respectively. Of the Locomo
grade 3, 1 (1.3%), 55 (69.6%), 15 (19.0%), and 8 (10.1%) showed K/L grade
1, 2, 3, and 4. There was no difference in the severity of knee OA
between the subjects with Locomo grade 2 and those with Locomo
grade 3 (p¼0.553). There was also no difference in FTA between the
subjects with Locomo grade 2 (old: 177.8 ± 2.88 ) and those with
Locomo grade 3 (178.1 ± 3.08 ) (p¼0.932). Similarly, no difference of the
medial knee joint space width (mJSW) was obserbed between the
subjects with Locomo grade 2 (old: 4.5 ± 1.4 mm) and those with
Locomo grade 3 (4.5 ± 1.4 mm) (p¼0.496). WORMS score of the subjects
with Locomo grade 2 (old)(30.9 ± 22.2) was also similar to those of the
subjects with Locomo grade 3 (30.2 ± 18.5) (p¼0.748). On the other
hand, visual analogue scale (VAS) for knee pain of the subjects with
Locomo grade 3 (26.1 ± 29.0) was signiﬁcantly higher in comparion to
that of those with Locomo grade 2 (new)(16.6 ± 21.5) (p <0.024).
Conclusions: Among healthy elderlies, there were the subjects with
Locomo grade 3, and knee pain of the subjects with Locomo grade 3 was
stronger than that of those with Locomo grade 2, although no difference
in the MRI-detected structural changes of knee OA was observed in
between subjects with Locomo grade 3 and those with Locomo grade 2.
PRESENTATION NUMBER: 348
INTERIM RESULTS: THE EFFECT OF INTRA-ARTICULAR EXTENDEDRELEASE TRIAMCINOLONE ACETONIDE ON OARSI-RECOMMENDED
PHYSICAL PERFORMANCE MEASURES IN ADULTS WITH BILATERAL
SYMPTOMATIC KNEE OA
N.A. Segal, M.D. Kothari. Univ. of Kansas, Kansas City, KS, USA
Purpose: Triamcinolone acetonideextended-release (TA-ER) is a polylactic-co-glycolic acid (PLGA) microspherepreparation of triamcinolone
acetonide, FDA-approved for treatment of knee paindue to OA. Following intra-articular injection with TA-ER, triamcinoloneacetonide has
been found to persist in the synovial ﬂuid through 16-weekfollow-up.
While the efﬁcacy of TA-ER on reducing pain due to knee OA has
beenreported, the effects on physical performance have not been fully
investigated.Given the incomplete association between reduction in
pain and reduction in functionallimitations, the primary aim of this
study was to demonstrate theeffects of intra-articular injection of TA-ER
on OARSI-recommended physicalperformance measures (30-second
chair stand test, stair ascent time, and 40mfast-paced walking time) in
adults with bilateral symptomatic knee OA. Secondarily,this study
evaluated patient-reported physical function (KOOS-PS), quality oﬂife
(KOOS-QoL) and knee pain (NRS) 6, 12 and 24 weeks following injection
of bilateral knees with TA-ER.
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Methods: In this single-site, open-label study ofparticipants with
bilateral knee OA, 70 participants were recruitedwho met eligibility
criteria (including: age>30 years; KL grade 2-4;bilateral knee pain;
rated 4/10 in severity on a Numerical Rating Scale (NRS) onmost days
over the prior month, BMI 41 kg/m2; ambulatory; willingto abstain
from use of protocol-restricted medications) and did not meetexclusion
criteria (including: HbA1c<7.2%; pain generator outside of the knee
contributing to knee pain;autoimmune, crystalline or infectious disease
contributing to knee pain;untreated neoplasm; knee surgery within 6
months; use of systemicimmunosuppressant within 6 weeks or knee
injection within 3 months of screening;pregnancy; untreated knee
injury or other factor that may interfere withcompliance with follow-up
visits). Outcome measures, collected at baseline, 6-,12, and 24-week
follow-up included OARSI recommended physical performance measures (Primary): number of timesparticipant could stand from a seated
position on a 51cm-high chair seatwithout using arms within 30 seconds, time toascend 9 stairs (162cm total height), and time to complete
a standardized 40mfast-paced walking test (40m-FPWT). In addition,
participants self-reported physical function and quality of life(QOL)
using the KOOSquestionnaire and NRS for pain in each knee. Analyses
utilized repeatedmeasures models with time as a repeated factor for
each outcome and changesfrom baseline levels were estimated for each
follow-up time point. All functionanalyses were person-based, and
analyses of knee pain (NRS) additionallyadjusted for bilateral measurements within participants. Alphalevel was set at <0.0167 for statistical signiﬁcance to provide sufﬁcientpower for assessing the 3
physical performance measures. Safety and adverseevents were systematically assessed and are presented descriptively for thisinterim
report. All participants completed an IRB-approved informed consentprocess culminating in completion of a written consent form prior
toparticipation. This study was registered with clinicaltrials.gov
(NCT03895840).
Results: 70 participants (61.4% women) with a mean±SD age of
64.0±11.7 years andBMI of 31.8±5.7 kg/m2 were enrolled. Not all participants hadcompleted all follow-up visits at the time of analyses for
this abstractdsample size at each time point is depicted in Figure 1.
After the 6- and12-week visits, respectively, 5 participants and 16
participants discontinuedthe study. Baseline and follow-up measurement values as well as comparisonbetween baseline and each follow-up
time point, controlling for repeatedmeasurements are presented in the
Table below. In comparison with baseline values, the number of chair
standswithin 30 seconds signiﬁcantly improved following treatment by
1.9±0.7 at6-week (p¼.0052) and by 2.2±0.7 at 12-week follow-up
(p¼.0031), while notstatistically signiﬁcant at 24-week follow-up
(1.1±0.8 greater chair stands;p¼0.1769). In comparison with baseline
values, stair ascent time decreased by6.9, 6.7 and 5.6 seconds at the 3
respective follow-up timepoints, althoughthese changes did not reach
statistical signiﬁcance (p¼.0639, p¼.0838, andp¼.2025 respectively). In
comparison with baseline values, time for completionof the 40m-FPWT
did not signiﬁcantly change at 6 weeks (-1.4±1.1 sec; p¼.1863)or 12
weeks (-1.3±1.1 sec; p¼.2364), while somewhat increasing at 24weekfollow-up (3.7±1.3; p¼.0055). Self-reported physical function on
the KOOS-PS instrumentimproved in comparison with baseline values
at 6- and 12-week follow-up by24.7±2.2 points and 18.6±2.7 points
respectively (p<.0001), whileimprovement did not remain statistically
signiﬁcant at 24-week follow-up(4.4±3.3 points; p¼.1781). KOOS-QOL
values improved in comparison to baselinevalues at 6- and 12-week

Outcome Measure

Baseline

6 weeks

p-value

12 weeks

p-value

24 weeks

p-value

Chair stand test (# stands)
Timed stair climb (sec)
40mFPWT (sec)
KOOS-PS
KOOS-QOL
Knee Pain (NRS)

7.7±0.4
22.1±3.5
37.3±3.1
50.9±1.4
27.4±2.0
6.7±0.2

9.6±0.5
15.2±1.3
35.9±3.0
75.6±1.7
60.2±2.9
2.1±0.3

0.0052
0.0639
0.1863
0.0001
0.0001
<.0001

9.9±0.58
15.4±1.7
36±2.6
69.5±2.3
51.6±3.8
3.3±0.3

0.0031
0.0838
0.2364
0.0001
0.0001
<.0001

8.8±0.7
16.5±2.7
40.9±3.8
55.3±3.0
35.9±3.7
5.9±0.3

0.1769
0.2025
0.0055
0.1781
0.0475
0.0387

Table 1

Change in outcome measures at each follow-upvisit (p-values for comparison with baseline values)
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follow-up by 32.8±3.5 points and 24.2±4 respectively(p<.0001), while
improvement was attenuated at 24-week follow-up (8.4±4.2points;
p¼.0475). In comparison with baseline values, knee pain NRS was
reducedat 6- and 12-week follow-up by -4.6±0.3 points and -3.4±0.3
points respectively(p<.0001) and also at 24-week follow-up (-0.8±0.4;
p¼.0387). A total of 24 adverse events were reported by 18 participants
todate and most were unlikely to have been related to the TA-ER
treatment. Fallsdue to various reasons accounted for almost a quarter of
the events. Upperrespiratory tract infection, ﬂu-like symptoms, and
allergic rhinitis comprisedanother quarter of the adverse events. Events
were more common in the oldestparticipants. There was 1 report of
increased blood glucose levels in adiabetic participant during the 11
days following the TA-ER intra-articular injections.The remaining
adverse events were arthralgia, bruising, headache, limbswelling, and
hematuria. No participants experienced a serious adverse event.
Conclusions: Theseﬁndings provide evidence of improvement in
physical performance on the chairstand test and self-reported physical
function and quality of life 6 and 12weeks after bilateral TA-ER injections in adults with bilateral symptomaticknee OA. Interim Results did
not demonstrate statistical signiﬁcance for thereduction in stair ascent
time or walk time. Limitationsof the current study include the absence
of a control group and incompletefollow-up at this point in time. The
remaining 11.0% of visits will becompleted by May 2021, allowing full
analyses. In previous clinical trials, TA-ERprovided persistent release of
triamcinolone acetonide in the joint at up to 16weeks. The potential for
less systemic effects in comparison with immediaterelease triamcinolone acetonide, along with evidence of reduced pain andimproved physical function and performance up to 12 weeks
followingintra-articular injection support a role for TA-ER in care of
adults withsymptomatic knee OA.
PRESENTATION NUMBER: 349
A MULTI-SITE, DOUBLE-BLIND, DOSE-RESPONSE, RANDOMIZED,
PLACEBO-CONTROLLED STUDY TO ASSESS THE EFFICACY OF
EPIITALIS ON KNEE PAIN IN PATIENTS SUFFERING FROM KNEE
OSTEOARTHRITIS
P.G. Mitchell 1, C. Bright 1, D. Bright 1, S. Srivastava 2, S. Raote 2.
1
Interpath, Ballarat, Australia; 2 Vedic, Mumbai, India
Purpose: Epiitalis® is the oil extract from the seed of the plant, Biota
orientalis. Products containing Epiitalis® are being used to successfully
treat the clinical and functional deﬁcits associated with joint disorders
in both dogs and horses. In addition, recent work with Epiitalis® as a
stand-alone active ingredient demonstrated that the product reduced
synovial ﬂuid inﬂammation (PGE2 levels and white blood cell counts),
plus effectively blocked X-ray measured structural changes in an equine
surgical OA model. The purpose of the current work was to assess the
clinical efﬁcacy of Epiitalis® in humans with symptomatic and X-ray
conﬁrmed OA of the knee.

Methods: Males and females aged  40 to  65 years with symptomatic
knee OA (rated  60 on a 100-point Pain VAS scale) and with KellgrenLawrence grade II/ III OA in their index knee, were recruited into the
study. Participants were recruited from 6 different clinical study sites
from around the city of Mumbai, India with randomization to one of 4
study groups: placebo (inert medium-chain triglyceride oil), low dose
Epiitalis® (160 mg qd), mid dose Epiitalis® (320 mg qd) and high dose
Epiitalis® (320 mg bid). Placebo and active/ Epiitalis capsules were
visually matched and each group took two capsules (160 mg in each
capsule) of appropriate placebo and/or Epiitalis® morning and evening.
The primary efﬁcacy endpoint was change in VAS (100 point visual
analogue score) pain at study end (day 56). Secondary efﬁcacy endpoints included modiﬁed Western Ontario and McMaster University
Arthritis Index (mWOMAC; total and sub-scores), OMERACT-OARSI
response rate, and SF-36 (quality of life; total and sub-scores). Based on
previous trials in symptomatic OA, and considering the local historical
screen failure and drop out rates, a sample size of approximately 50
participants/group was targeted to complete the trial on a per protocol
basis. VAS and mWOMAC scores were collected at baseline (study day 0,
prior to start of the investigational product or IP) and study days 14, 28
and 56 days post IP administration. Previously established OMERACTOARSI responder criteria were utilized based on the following: a substantial improvement in pain or function of 50% and an absolute change
of 20. If the participant did not fulﬁll these criteria, improvement in 2 of
the three following criteria was necessary: > 20% improvement in pain
and an absolute change of > 10; > 20% improvement in function and an
absolute change of > 10; > 20% improvement in the patient's global
assessment, and an absolute change of >10. Quality of life data were
collected at day 0 and day 56 utilizing the SF-36 questionnaire. Compliance to the IP was assessed on days 14, 28 and 56 by counting capsules remaining in each bottle issued for that time period. Changes in
VAS, mWOMAC and SF-36 scores from baseline to Day 56 were assessed
within-group by using the Wilcoxon sign rank test. The changes in VAS
and mWOMAC scores were further compared between groups utilizing
the Kruskal Wallis analysis of variance test. Friedman’s post hoc test was
applied to assess which group was signiﬁcant. OMERACT-OARSI Responder data were assessed using the Chi Square test.
Results: Compliance with the intervention was > 99% across all groups
at all time points assessed. The number of participants completing the
trial/group was between 46 and 56 on a per protocol basis. Data are
reported based on the per protocol population. With respect to the
primary outcome, all three doses of Epiitalis® signiﬁcantly reduced (p <
0.001 vs. placebo) VAS pain scores at day 56. The absolute magnitude of
the decrease between day 0 and day 56 was similar for all Epiitalis®
intervention groups. For example in the mid-dose the VAS score (mean
þ SD) declined from 77.6 þ 11.2 on day 0 to 37.4 þ 17.2 on day 56 (51.8%
decrease) as compared to the placebo, which decreased from 78.3 þ 11.2
to 68.5 þ 17.4 (12.5% decrease). Figure 1 illustrates the time dependency
of changes in VAS scores (mean þ/- SD) for all study groups, while
Figure 2 illustrates the absolute change in VAS score (mean þ/- SD) from
day 0 to day 56. With respect to secondary outcomes, on day 56 all three
doses of Epiitalis®: (1) signiﬁcantly reduced the mWOMAC total score
and all mWOMAC sub-scores (p < 0.001 vs. placebo), and (2) signiﬁcantly increased the SF-36 total score (p < 0.001 vs. placebo), and all
sub-scores. For example, in the mid dose (mean and SD), the mWOMAC
total score declined from 78.9 þ 7.7 at day 0 to 37.9 þ 19.8 on day 56
(52% decrease), while in the placebo group the scores were 80.5 þ 8.7
on day 0 and 73.0 þ 17.0 on day 56 (9.4% decrease). Total SF-36 (p <
0.001) and all subscores scores signiﬁcantly increased from day 0 to day
56 in all Epiitalis® treated groups but did not signiﬁcantly change in the
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placebo group. For example, in the mid-dose, the total SF-36 score
(mean þ SD) increased from 317.7 þ 120.4 at baseline to 617.7 þ 145.4
on day 56 (94.4% increase) while in the placebo group the scores were
306.6 þ 11.2 on day 0 and 318.1 þ 158.8 on day 56 (3.8% increase). In
terms of OMERACT-OARSI responders, all doses of Epiitalis® had signiﬁcantly more responders vs. the placebo group (p < 0.01 vs. placebo).
For example for the mid dose group on day 56, 40 of 46 trial completers
(87%) were classiﬁed as responders, while in the placebo group, 6 of 52
trial completers (11.5%) were classiﬁed as responders. All doses of the
intervention were well tolerated. There were three adverse events
recorded during the course of the study, none could be ascribed to the
intervention.
Conclusions: Epiitalis® at all three doses, in comparison to the placebo
group, similarly and signiﬁcantly reduced VAS and mWOMAC scores,
signiﬁcantly increased the OMERACT-OARSI responder rate, and signiﬁcantly elevated SF-36 scores. In the case of the mWOMAC and SF-36
scores, each sub-score was also similarly and signiﬁcantly favorably
changed in all Epiitalis® intervention groups. These data demonstrate
that Epiitalis® is very effective at reducing the signs and symptoms of
OA, while also favorably increasing multiple measures of physical and
mental well-being. The intervention was well-tolerated at all three
doses with no signiﬁcant safety concerns noted. Interestingly, there was
a pronounced time-dependency to achieve optimal clinical efﬁcacy
with the maximal efﬁcacy noted to occur between study days 28 and 56.
Future studies will focus on better understanding mechanism, as well as
determining the potential for Epiitalis® to exhibit disease modifying
activity in human OA.

PRESENTATION NUMBER: 350
GLOBAL RESEARCH TRENDS IN PATELLOFEMORAL OSTEOARTHRITIS:
A BIBLIOMETRIC AND VISUALIZED STUDY
Y. Qiu 1, 2, N. Min 1, 2, Q. Xue 1, 2. 1 Beijing Hosp., Beijing, China; 2 Natl. Ctr. of
Gerontology, Beijing, China
Purpose: Osteoarthritis (OA) is a serious disease, patellofemoral
osteoarthritis (PFOA) is relatively common among knee OA patients,
which is one of the leading causes of anterior knee pain as well as lower
limb dysfunction. More and more researches have emerged in this ﬁeld
in recent years. However, the global trend of studies on PFOA has not
been well demonstrated. Our study aims to explore the development
trend of the researches focusing on PFOA related disorders, so as to
grasp the research hotspots and directions in this ﬁeld.
Methods: Publications related to PFOA research from 1973 to 2020 were
retrieved from Web of Science (WoS) and Science Citation IndexExpanded (SCIE) database, the searching strategy was as follow: (theme
¼ patellofemoral osteoarthritis or theme ¼ patella osteoarthritis or
theme ¼ patellar osteoarthritis). Only publication types of articles and
reviews were selected. Data were then analyzed by bibliometric
methodology. In terms of visualized study, the software VOS viewer was
used for the generation of bibliographic coupling to carry out the co-
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occurrence analysis and further simulate the publishing trends in the
PFOA related ﬁeld. When the minimum number of occurrences of a key
word were set to 10, a total of 640 key words met the threshold and 500
with the greatest total link strength were selected for co-occurrence
analysis.
Results: A total of 3530 publications were included. The earliest publications can be traced back to the 1970s. We can clearly see that the
number of publications is increasing annually (see in Figure 1A). The
distribution world map of PFOA related research can be seen in
Figure 1B. The USA is at the forefront of the world in this ﬁeld, both the
quantity and the quality (measured by H-index) of publications rank
ﬁrst in the world (see in Figure 1C and Figure 1D). The journal “Knee
Surgery Sports Traumatology Arthroscopy” has published the most
papers, while the journal “American Journal of Sports Medicine” has the
highest H-index. Cicuttini FM has published the largest number of
publications in this ﬁeld. PFOA related studies could be divided into ﬁve
clusters (see in Figure 1A): “Dynamics and symptomatology study
(marked in red)”, “Imaging and basic experimental study (marked in
green)”, “Morphological study (marked in purple)”, “perioperative
management study (marked in yellow)” “alignment and functional
study (marked in blue)”.
Conclusions: Publications on PFOA related research will continue to be
increased according to the analysis on current global trends. The USA is
now the leading country in this ﬁeld, with the most research quantity
and the highest research quality. Among the ﬁve cluster of PFOA related
studies, “Dynamics and symptomatology study”, “perioperative management study” and “alignment and functional study” are considered to
be the current research hotspots in the PFOA related ﬁeld (see in
Figure 1B).
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PRESENTATION NUMBER: 351
SHOULD RETURN TO HIGH-IMPACT SPORT BE AVOIDED FOR
SECONDARY PREVENTION OF OSTEOARTHRITIS AFTER ACL
RECONSTRUCTION? A PROSPECTIVE COHORT STUDY WITH MRI,
RADIOGRAPHIC AND SYMPTOMATIC OUTCOMES
M.J. Haberﬁeld 1, B.E. Patterson 1, K.M. Crossley 1, A.M. Bruder 1,
A. Guermazi 2, T.S. Whitehead 3, H.G. Morris 4, A.G. Culvenor 1. 1 La Trobe
Univ., Melbourne, Australia; 2 Boston Univ. Sch. of Med., Boston, MA, USA;
3
3. OrthoSport Victoria, Melbourne, Australia; 4 Park Clinic Orthopaedics,
Melbourne, Australia
Purpose: Anterior cruciate ligament (ACL) rupture, irrespective of surgical reconstruction (ACLR), contributes to most post-traumatic knee
osteoarthritis (OA) cases, evident decades earlier than non-traumatic
OA. Returning to high-impact sport following ACLR represents a
potential modiﬁable factor. Surgical success is often judged on a return
to sport, and retrospective studies indicate a potential reduction in OA
risk in those who return to pivoting sport. There is a need to prospectively investigate the inﬂuence of returning to high-impact sport
after ACLR on the risk of longitudinal structural OA changes and knee
symptoms. Therefore, the aim of the current study was to prospectively
evaluate if returning to high-impact sport following ACLR is associated
with structural and symptomatic OA outcomes.
Methods: Eighty-one young adults (38% women) aged 18-50 years from
an established longitudinal cohort study were followed prospectively 1to 5-years post-ACLR. Participants were deemed to have returned to
high-impact sport when they competed in matches or completed
unrestricted training at least once per week for 1 month or more in a
Level I or II sport using previously deﬁned activity level criteria. Level I
sports are those with frequent pivoting (e.g. soccer, basketball,

Returned to high impact sport at 1 year
Returned to high impact sport up to 5 years

Australian football). Level II sports involve less frequent pivoting than
Level I sport (e.g. racquet sports, alpine skiing). Return to high-impact
sport was assessed at 1-, 3- and 5-years using a self-reported questionnaire. Longitudinal changes in early OA features (i.e., cartilage, bone
marrow and meniscal lesions) were evaluated between 1- and 5-years
from magnetic resonance imaging (MRI) scans using the MRI Osteoarthritis Knee Score (MOAKS). Radiographic OA and self-reported knee
symptoms, function and quality of life were assessed using the OA
Research Society International (OARSI) atlas and Knee injury and
Osteoarthritis Outcome Score (KOOS), respectively, at 5 years postACLR. Generalised linear models (adjusted for baseline characteristics)
assessed whether returning to high-impact sport was associated with
risk of worsening OA features on MRI, radiographic OA, and KOOS.
Results: Of the 81 participants, 30 (37%) returned to high-impact sport
1-year post-ACLR and 50 (62%) returned at any time (i.e., 1-, 3- or 5years). Returning to high-impact sport was not associated with worsening of any MRI OA feature (risk ratio (RR) range:0.59-2.91) or 5-year
KOOS (b range:-2.73-3.69). Returning to high-impact sport at 1-year
and up to 5-years post-ACLR was associated with a 50% (RR 0.49, 95%CI
0.10-2.37) and 40% (RR 0.60, 95%CI 0.16-2.17) reduced risk of radiographic OA, respectively, but these risk reductions were inconclusive
due to wide conﬁdence intervals.
Conclusions: Returning to high-impact sport following ACLR was not
associated with greater risk of worsening early knee OA features on
MRI, radiographic OA or knee symptoms. Participating in high-impact
sport does not appear to be a key factor in secondary knee OA development. In the context of secondary prevention of structural OA, Results
suggest a return to high-impact sport need not be avoided.

Worsening OA features on MRI between 1 and 5 years post-ACLR

5-years post-ACLR

Cartilage worsening
n¼ 40 (51%)

BML worsening
n¼23 (29%)

Radiographic OA
n¼15 (19%)

Radiographic OA
n¼15 (19%)

1.00 (0.61 to 1.65)
1.04 (0.58 to 1.86)

1.36 (0.57 to 3.26)
0.99 (0.40 to 2.41)

0.49 (0.10 to 2.37)
0.60 (0.16 to 2.17)

0.49 (0.10 to 2.37)
0.60 (0.16 to 2.17)

* Values are risk ratios (95% CI).Analysis performed on n¼78 with imaging assessment at 1 and 5 years.Multivariate analyses adjusted for age, sex, lower-limb functional
performance (i.e., side-hop limb symmetry index) and body mass index at 1 year post-ACLR.ACLR, anterior cruciate ligament reconstruction; BML, bone marrow lesions;
OA, osteoarthritis
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Multivariate associations between return to high impact sport 78*)

KOOS at 5 years

Returned to high
impact sports at 1 year
Returned to high
impact sports up to 5 years

Pain
(mean±SD: 93±9)

Symptoms
(mean±SD: 84±14)

ADLs
(mean±SD: 97±8)

Sport/Rec
(mean±SD: 87±16)

QOL
(mean±SD: 78±17)

0.89 (-3.24 to 5.03)

3.42 (-3.91 to 10.76)

-0.86 (-4.53 to 2.80)

1.01 (-6.67 to 8.67)

3.28 (-4.73 to 11.28)

-0.37 (-5.21 to 4.46)

-0.60 (-9.21 to 8.02)

-2.73 (-6.97 to 1.51)

-0.31 (-9.29 to 8.66)

3.69 (-5.66 to 13.05)

Multivariate analyses adjusted for age, sex, lower-limb functional performance (i.e., side hop limb symmetry index) and body mass index at 1 year post-479 ACLR.
* Values are beta-coefﬁcient (95% CI).
KOOS, Knee injury and Osteoarthritis Outcome Score; ADLs, Activities of daily living; QOL, Quality of life

Multivariate associations between return to high impact sport 81*)
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PRESENTATION NUMBER: 352
ASSOCIATION BETWEEN GUT MICROBIOTA AND SYMPTOMATIC
HAND OSTEOARTHRITIS THE XIANGYA OSTEOARTHRITIS STUDY
J. Wei 1, C. Zhang 2, Y. Zhang 3, W. Zhang 4, M. Doherty 4, T. Yang 1,
G. Zhai 5, A. Obotiba 4, H. Lyu 6, C. Zeng 7, G. Lei 7. 1 Health. Management
Ctr., Xiangya Hosp., Central South Univ., Changsha, China; 2 State Key
Lab. of Microbial Metabolism, School of Life Sci. and Biotechnology,
Shanghai Jiao Tong Univ., Shanghai, China; 3 Div. of Rheumatology,
Allergy, and Immunology, Dept. of Med., Massachusetts Gen. Hosp.,
Harvard Med. Sch., Boston, MA, USA; 4 Academic Rheumatology, Clinical
Sci. Building, Univ. of Nottingham, City Hospital, Nottingham, United
Kingdom; 5 Discipline of Genetics, Faculty of Med., Mem. Univ. of
Newfoundland, St. John’s, NL, Canada; 6 Dept. of Orthopedics, Gen.
Hospital of Chinese PLA, Beijing, China; 7 Dept. of Orthopaedics, Xiangya
Hospital, Central South Univ., Changsha, China
Purpose: Systemic inﬂammatory factors have been implicated in
symptomatic hand osteoarthritis (SHOA). Gut microbiome dysbiosis
promotes systematic inﬂammation. The aim of the study was to
examine the association between gut microbiome with the presence of
SHOA in a population-based study.
Methods: Study participants were derived from the Xiangya Osteoarthritis (XO) Study, a community-based observational study. SHOA was
deﬁned as the presence of both symptoms and radiographic osteoarthritis in the same hand. The gut microbiome was analyzed using 16S
ribosomal RNA sequencing from stool samples. The similarities of gut
microbiome composition between participants with SHOA (i.e. SHOA
group) and those without SHOA (i.e. control group) were compared
using a diversity measured by Shannon index and b diversity measured
by unweighted Unifrac distance. We performed Wilcoxon rank sum test
for the difference of a diversity and permutation multivariate analysis of
variance (PERMANOVA) test for the difference of b diversity between
the two comparison groups. To evaluate which gut microbiome taxonomies that drive the association with SHOA, we performed multivariate linear regression analysis (MaAsLin) adjusting for age, sex and
body mass index (BMI) on phylum, family and genus levels, respectively.
Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States (PICRUSt) software package was used to impute
bacterial metagenomes from 16S sequencing microbial DNA data, and
functional annotation was applied using the Kyoto Encyclopedia of
Genes and Genomes (KEGG) catalogue. Finally, we performed MaAsLin
to assess difference in KEGG level 3 pathways between participants
with and without SHOA, adjusting for age, sex and BMI. P values were
corrected for multiple testing with the Benjamin & Hochberg False
discovery rate method and a corrected P value (Q value) < 0.1 was
considered as statistically signiﬁcant
Results: A total of 1,388 participants (women: 57.4%; mean age: 61.3
years; SHOA prevalence: 5.2%) were included. Participants with SHOA
(n¼72) were older (70.9 years vs. 62.8 years, P<0.001) and more likely
to be women (75% vs. 57%, P¼0.003) than those without SHOA
(n¼1,316). BMI were similar between the two groups (24.1 kg/m2 vs.
23.9 kg/m2, P¼0.593). b diversity, but not a diversity, was signiﬁcantly
associated with SHOA (P¼0.003). After adjusting for age, sex and BMI,
higher relative abundance of family Christensenellaceae (P<0.001,
Q<0.001, Figure 1A), Desulfovibrionaceae (P¼0.001, Q¼0.007, Figure 1B)
and Mogibacteriaceae (P¼0.006, Q¼0.032, Figure 1C), genus Bilophila
(P¼0.001, Q¼0.011, Figure 1D) and Desulfovibrio (P¼0.012, Q¼0.064,
Figure 1E), as well as lower relative abundance of genus Roseburia
(P¼0.015, Q¼0.075, Figure 1F), were associated with SHOA. Most KEGG
pathways related to amino acid (amino acid metabolism, tyrosine and
lysine degradation, and cyanoamino acid metabolism), carbohydrate
(starch, sucrose, amino sugar and nucleotide sugar, butanoate and
propanoate metabolisms) and lipid (sphingolipid metabolism) metabolisms were signiﬁcantly altered in SHOA individuals compared with
controls (Figure 2).
Conclusions: This large population-based study provides the ﬁrst
evidence that gut microbiome composition showed signiﬁcant
alterations in individuals with SHOA, and low relative abundance of
genus Roseburia but high relative abundance of Bilophila and Desulfovibrio were associated with prevalent SHOA. Predicted metabolic
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pathways belonged to amino acid, carbohydrate and lipid metabolisms were likely to be altered in participants with SHOA. Our ﬁndings may help understand the role of microbiome in the development
of this common condition and contribute to potential translational
opportunities.

PRESENTATION NUMBER: 353
CAM MORPHOLOGY IS ASSOCIATED WITH RADIOGRAPHIC HIP
OSTEOARTHRITIS AND HIP PAIN IN MEN BUT NOT IN WOMEN:
FINDINGS FROM A CROSS-SECTIONAL STUDY IN UK BIOBANK
B. Faber 1, R. Ebsim 2, F. Saunders 3, M. Frysz 1, C. Lindner 2, J. Gregory 3,
R. Aspden 3, N. Harvey 4, G. Davey Smith 1, T. Cootes 2, J. Tobias 1. 1 Univ.
of Bristol, Bristol, United Kingdom; 2 Univ. of Manchester, Manchester,
United Kingdom; 3 Univ. of Aberdeen, Aberdeen, United Kingdom; 4 Univ.
of Southampton, Southampton, United Kingdom
Purpose: Previous studies have found inconsistent relationships
between femoro-acetabular impingement (FAI) related morphologies
(cam and pincer) and acetabular dysplasia (AD), and radiographic hip
osteoarthritis (rHOA) and hip pain. We aimed to examine these
relationships in more detail, using the large sample size provided by
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UK Biobank (UKB), based on automatically derived measures of FAI
and AD from dual-energy X-ray absorptiometry (DXA) scans.
Methods: A subsample of UKB participants with a left hip DXA scan,
obtained using a GE Lunar iDXA, were selected. A Random Forest-based
machine learning method was applied to the scans to automatically
place points around the femoral head and acetabulum. Customised
software was developed to derive alpha angle (AA), lateral centre-edge
angle (LCEA) and minimum joint space width (mJSW) from these points
(Figure 1). Cam morphology was deﬁned as AA 60 , pincer morphology as LCEA 45 and AD as LCEA <25 . Acetabular, superior and
inferior femoral head osteophytes were manually marked on the scans
using a customised tool (Figure 1) and from this osteophyte area was
derived. Semi-quantitative measures of osteophytes and joint space
narrowing (JSN) were also derived, based on comparison of continuous
measures with semi-quantitative grading in a subset of images. These
gradings were then combined to provide a measure of rHOA equivalent
to Kellgren-Lawrence (KL) grading. Logistic regression was used to

examine the relationships between the aforementioned shape variations, rHOA and its constituent features, and hip pain obtained via
questionnaires. The hip pain question was, “Have you had hip pains for
more than 3 months?” and was not side speciﬁc. Results are shown in
sex-stratiﬁed analyses, unadjusted and adjusted for age, height, weight
and ethnicity.
Results: 6,807 individuals with left hip DXAs, with a mean age of 62.7
years old (range 45-80 years old), were selected (49.7% male, 50.3%
female). AA was greater in males compared to females (mean: 51.6 and
44.2 respectively), whereas LCEA was similar (male mean: 35.5 ,
female mean: 35.2 ). Cam morphology was commoner in males than
females (15.4% and 1.8% respectively). Pincer morphology showed
similar prevalence (8.9% males, 8.1% females). AD was less common in
males compared to females (5.6% and 7.0% respectively). rHOA was
commoner in males compared to females (7.2% and 3.2% respectively).
Cam morphology was associated with rHOA, JSN and with osteophytes
at all three locations in males, but only inferior femoral head osteophytes in females (Table 1). Cam morphology was also associated with
hip pain in males [OR 1.5 (95% CI 1.1-2.1), P 0.02] but not females [OR 1.1
(95% CI 0.5-2.4), P 0.76], adjusted for covariates. In contrast, pincer
morphology and AD showed no associations with either rHOA or hip
pain, in both males and females.
Conclusions: Cam morphology was predominantly seen in males in
whom it was associated with rHOA, JSN, osteophytes at all three sites
and hip pain. Similar directions of effects were seen in females but there
was much weaker evidence for association, likely due to smaller cam
morphology numbers. Cam morphology was most strongly associated
with inferior femoral head osteophytes, suggesting FAI causes aberrant
biomechanical forces leading to osteophyte formation and ultimately
hip pain throughout the joint, and not just at the impinging surfaces.
PRESENTATION NUMBER: 354
A HIGH PREVALENCE OF PERSISTENT SHOULDER AND ELBOW PAIN
AND POOR ARM FUNCTION AMONGST FORMER BASEBALL PLAYERS

Fig. 1 A high resolution DXA scan of a participant with rHOA in UKB.

Top left: original region of interest of the image. Top right: marked
up with points where the numbered points indicate the area over
which mJSW was calculated. Bottom left: marked up for osteophytes at the lateral acetabulum (green) and femoral head (red).
Bottom right: depicted with AA (yellow) and LCEA (purple).

Acetabular OP

Males
Cam (Unadjusted)
Cam (Adjusted)

G.S. Bullock 1, K.F. Nicholson 2, B.R. Waterman 2, E. Niesen 3, P. Salamh 4,
C.A. Thigpen 5, E. Shanley 5, L.L. Devaney 6, G.S. Collins 1, N.A. Arden 1,
S.R. Filbay 7. 1 Univ. of Oxford, Oxford, United Kingdom; 2 Wake Forest Sch.
of Med., Winston-Salem, NC, USA; 3 Georgetown Univ., Washington D.C,
DC, USA; 4 Univ. of Indianapolis, Indianapolis, IN, USA; 5 ATI Physical
Therapy, Greenville, SC, USA; 6 Univ. of Conneticut, Storrs, CT, USA;
7
Univ. of Melbourne, Melbourne, Australia
Purpose: Persistent joint pain is the most common reason for activity
limitations and reduced quality of life in people with osteoarthritis.
Athletes represent a population at high-risk of developing persistent
joint pain. However, most research has focused on knee pain and
osteoarthritis in former athletes. There is a scarcity of research

Superior Femoral OP

Inferior Femoral OP

JSN

OR [95% CI]

P

OR [95% CI]

P

OR [95% CI]

P

OR [95% CI]

P

rHOA
OR [95% CI]

P

1.9 [1.5-2.4]
1.9 [1.5-2.4]

1.0 x 10-07
2.3 x 10-07

1.9 [1.5-2.6]
1.9 [1.4-2.6]

4.6 x 10-06
7.4 x 10-06

4.8 [3.5-6.6]
4.8 [3.5-6.6]

1.5 x 10-21
2.5 x 10-21

1.5 [1.3-1.9]
1.5 [1.2-1.9]

4.9 x 10-05
6.1 x 10-05

3.2 [2.4-4.3]
3.2 [2.4-4.2]

3.5 x 10-16
9.8 x 10-16

1.1 [0.5-2.5]
1.0 [0.5-2.2]

0.78
0.98

2.0 [0.8-5.1]
1.9 [0.7-4.7]

0.14
0.20

11.0 [4.9-24.4]
10.0 [4.5-22.5]

4.2 x 10-09
2.2 x 10-08

1.8 [1.0-3.3]
1.7 [1.0-3.1]

0.04
0.07

2.7 [1.1-6.9]
2.5 [1.0-6.4]

0.04
0.06

Females
Cam (Unadjusted)
Cam (Adjusted)

Table 1

Logistic regression comparing the presence of cam morphology, and rHOA and its constituent features stratifying
the results by sex. Odd ratios (OR) presented with 95% conﬁdence intervals (CI) and P-values (P). Covariate
adjustment includes age, height, weight and ethnicity.

Osteoarthritis
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investigating joint health in former throwing sport athletes. One such
sport is baseball, where the prevalence of joint pain and functional
impairments in former participants is unclear. Additionally, factors
related to the likelihood of experiencing joint pain or poor function in
former baseball players are poorly understood. Such knowledge has
potential to assist clinicians in creating personalized physical
examinations and interventions for baseball players as they transition
to retirement.
The purpose of this study was to 1) evaluate persistent joint pain and
arm function in former baseball players; 2) determine whether playing
standard, playing position, years playing baseball, and injury history are
associated with increased odds of joint pain and reduced arm function
in former baseball players.
Methods: Former collegiate and professional baseball players were
invited via email to complete a survey. Recruitment was performed
between September 2019 through April 2020. A total of 260 participants accessed the survey link, of whom 216 consented to participate. Eligibility criteria consisted of: 1) played 1 collegiate baseball
season, 2) aged 18 years old, 3) formerly played baseball (currently
retired). Outcomes assessed included persistent joint pain and Single
Assessment Numeric Evaluation (SANE). Persistent joint pain was
evaluated by asking individuals ‘Have you had pain in your [left/right]
[hip/groin, knee, ankle, foot, shoulder, elbow, hand/ﬁnger, spine/back,
other joint] on most days of the last month?’ SANE was evaluated by
the following phrase, “On a scale from 0 to 100, how would you rate
your arm today, with 100 being normal.” Explanatory variables
included playing standard (professional or collegiate), playing position (position, two way, or pitcher), injury history, and years played
baseball. Missing data was varied (playing status: 0%; age: 3%;
handedness: 0%; body mass index: 3%; joint injury: 7%; SANE: 13%).
Multiple imputation with chained equations was performed with 100
imputations. Sensitivity analyses were performed to compare results
following complete case analysis and imputed data analysis, which
demonstrated similar results. Data were reported as mean (standard
deviation), median (interquartile range), or count (percentage).
Multivariable logistic and linear regressions were performed to
evaluate the relationship between explanatory variables (playing
standard, playing position, years playing baseball, injury history) and
presence of joint pain (any reported persistent joint pain: logistic
regression), arm pain (reported elbow or shoulder persistent joint
pain; logistic regression), and arm function (SANE; linear regression).
Unadjusted and adjusted odds ratios/coefﬁcients and 95% conﬁdence
intervals (95% CI) were calculated. Models were also adjusted for
confounders: age, body mass index, and hand dominance. All
assumptions for logistic and linear regression were evaluated and
satisﬁed. Sensitivity analyses explored shoulder and elbow persistent
joint pain separately, whereby joint injury and surgery history variables were joint speciﬁc. Further, due to the wide conﬁdence interval
demonstrated with the arm persistent pain analyses, a Firth corrected
logistic regression was performed to assess the potential for quasi
variable separation.
Results: The survey was completed by 117 former baseball players
(age: 36.8 (SD 13.7) years; left handed: 20%; baseball seasons
played: 17.8 (SD 6.1); Table 1). The mean SANE score was 70.2 (SD
24.1). 52% reported persistent joint pain in 1 joint and 30% in 2
joints. Shoulder persistent pain was the most prevalent (28% of all
participants) followed by knee (26% of all participants), and elbow
(21% of all participants) pain (Table 2). All persistent elbow pain and
94% of persistent shoulder pain was in the dominant (i.e. throwing)
arm. The odds of reporting persistent joint pain was not associated
with playing standard (adjusted odds ratio (95% CI): 0.72 (0.27,
1.91)), playing position (two way: 1.41 (0.45, 4.35); pitcher: 0.40
(0.13, 1.21)), number of baseball seasons (0.97 (0.90, 1.04)), or injury
history (1.11 (0.45, 2.77); Table 3) in former baseball players. There
was no association between SANE scores and playing standard (1.38
(0.71, 2.67)), playing position (two way: 12.3 (0.50, 30.0); pitcher:
9.2 (0.70, 11.9), number of baseball seasons (1.12 (0.99, 1.23)), or
injury history (1.04 (0.97, 1.11)) in the adjusted analysis (Table 3).
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Sensitivity analyses demonstrated similar results except for Firth
corrected analysis. The relationship between persistent joint pain
and years played baseball demonstrated the same odds ratio as the
primary analysis, but with conﬁdence intervals that did not cross
one (1.12 (1.01, 1.24)).
Conclusions: There was a high prevalence of persistent joint pain and
poor arm function amongst former baseball players with the majority of
pain complaints at the throwing shoulder and elbow. This is concerning
considering participants were on average, less than 40 years of age. No
relationship was observed between persistent pain or function and
playing standard, position, years of baseball participation, or injury
history. The wide conﬁdence intervals reported for playing position and
baseball seasons may demonstrate a potential relationship with persistent joint pain; however, the sample size may have hindered the
precision in these analyses. Clinicians should consider educating
patients and implementing strategies to maintain joint health, especially in the throwing arm, when baseball players are transitioning to
retirement.
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Results: Participant median age was 23 years (range, 17-30) and 77%
were female. Compared to controls, previously injured participants
demonstrated signiﬁcantly poorer outcomes on all ﬁve sub-scales of the
FAOS regardless of sex or time since injury with the largest betweengroup differences in symptoms [-20.9 (99% CI: -29.5 to -12.3)] and
ankle-related quality of life [-25.3 (99% CI: -34.7 to -15.9)] subscales.
Previously injured participants also had a poorer unipedal dynamic
balance [-1.9 (95% CI: -3.5 to -0.2)] and a higher fear of pain [95% CI: 7.2
(0.9 to 13.4)] compared to controls. No signiﬁcant differences were
found in other secondary outcomes. The post-estimation intra-class
correlation from the multivariable regression models ranged from 0 to
0.06.
Conclusions: Irrespective of sex and time since injury, youth that
experienced a sport-related ankle sprain injury requiring medical
attention and resulting in time loss have more pain, symptoms, reduced
self-reported function, reduced sport participation and lower anklerelated quality of life compared to uninjured controls 3-15 year after
injury. This study shows that clinical indicators, an important feature in
the early stages of development of post-traumatic osteoarthritis, are
present in young adults with a history of signiﬁcant sport-related ankle
sprain injury in their youth. Further longitudinal research is needed to
fully characterize ankle-related health outcomes towards mitigating the
risk of post-traumatic osteoarthritis of the ankle.
PRESENTATION NUMBER: 356
TIBIAL PLATEAU INCLINATION IS ASSOCIATED WITH BONE MARROW
LESIONS IN EARLY KNEE OSTEOARTHRITIS
K. Ishibashi, E. Sasaki, S. Ota, T. Oyama, D. Chiba, Y. Yamamoto, E. Tsuda,
Y. Ishibashi. Hirosaki Univ., Hirosaki, Japan

PRESENTATION NUMBER: 355
OUTCOMES RELATED TO POSTTRAUMATIC OSTEOARTHRITIS AFTER A
YOUTH SPORT RELATED ANKLE SPRAIN
€isa
€nen 2, J. Jaremko 2,
O. Owoeye 1, 2, J. Whittaker 3, 2, C. Toomey 2, A. Ra
C. Emery 2. 1 Saint Louis Univ., St. Louis, MO, USA; 2 Univ. of Calgary,
Calgary, AB, Canada; 3 Univ. of British Columbia, Vancouver, BC, Canada
Purpose: To examine the association between youth sport-related
ankle sprain injury and health outcomes related to post-traumatic ankle
osteoarthritis, 3-15 years post-injury.
Methods: A total of 86 study participants included 50 individuals who
experienced a youth sport-related ankle sprain 3-15 years earlier that
required medical attention and resulted in time loss and 36 uninjured
controls. Uninjured controls were matched with injured cases in clusters based on sex and sport. The primary outcomes were the ﬁve Foot
and Ankle Outcome Score (FAOS) sub-scales scores: pain, symptoms,
activities of daily living, sport/recreation participation and ankle-related quality of life. Secondary outcomes included fat mass index, body
mass index, function (unipedal dynamic balance and star excursion
balance tests), physical activity (Godin Leisure Time Activity questionnaire score), athletic identity (Athletic Identify Measurement Scale),
aerobic capacity (estimated V02max), fear of pain (Fair of Pain Questionnaire-III), ankle dorsiﬂexion range of motion, and isometric inversion, eversion, plantarﬂexion and dorsiﬂexion strength. Mixed effects
linear regression models, including sex, time since injury (ﬁxed effects;
age was excluded as a covariate because of collinearity with time since
injury) and clustering for matched participants (random effects),
examined the association between previous ankle sprain injury and
each outcome. 99% Conﬁdence intervals (CI) are reported for primary
outcomes and 95% CI for secondary outcomes.

Purpose: While varus inclination of proximal tibia and bone marrow
lesion (BML) are important factor for understanding knee osteoarthritis
(OA) etiology, the relationship between these wo factors remain
unclear. This study aimed to investigate the effect of proximal tibial
inclination and serum bone metabolic markers on bone marrow lesion
(BML) in the Japanese general population with early knee osteoarthritis
(EKOA).
Methods: A total of 441 female volunteers who participated in the Iwaki
Health Promotion Project in 2017 were enrolled. Participants without
radiographic abnormalities were divided into normal and EKOA groups
according to Luyten’s classiﬁcation criteria for EKOA (Figure 1). In this
study, proximal tibial inclination was assessed with reference to growth
plate (GP). The GP-tibial plateau (TP) angle was deﬁned as the angle
between the GP and TP lines (a), whereas the GP-medial tibial plateau
(MTP) angle was deﬁned as the angle between the GP and MTP lines (b)

The medial proximal tibial angle (MPTA), GP-TP angle, and GP-MTP
angle were measured on standing anteroposterior radiographs of the
knees. BML severity on T2-weighted fat-suppressed magnetic resonance imaging (MRI) was scored using the Whole-Organ MRI Score
method. Serum levels of N-telopeptide of type I collagen (NTx), tartrateresistant acid phosphatase-5b (TRACP-5b), bone-speciﬁc alkaline
phosphatase, procollagen type I N-terminal propeptide, pentosidine,
and homocysteine were assessed. Serum concentrations of bone metabolic markers and radiographic measurements were compared using
the Wilcoxon rank sum test. To investigate the relationship among BML,
proximal tibial inclination, and serum bone metabolic markers, multiple linear regression analyses were conducted with the total BML score
as the dependent variable and with age, body mass index, MPTA, GPMTP angle, GP-TP angle, and serum bone metabolic markers as
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independent variables in patients with and without EKOA. To estimate
the predictive cut-off level of proximal tibial inclination for detecting
BML, receiver operating characteristic (ROC) analysis was performed for
the EKOA group. Finally, in order to evaluate the cut-off values, the
participants were divided into three groups according to the cut-off
values estimated from the ROC analysisdthe neutral group, tibia vara
(extra-articular deformity) group, and genu varum (intra-articular
deformity) group. Serum bone metabolic marker levels were compared
among these three groups using one-way analysis of variance and
Tukey’s test.

Of these 309 participants, 48 participants (16%) had EKOA. With reference to the GP line, the GP-TP angle was inclined at 3.6±1.1 and the GPMTP angle was 9.9±2.6 .

The BML was detected in 64 participants (31%) out of 205 participants
who were performed MRI (). The MPTA was smaller in participants with
EKOA who had BML than in those who did not (p¼0.020), and the GPMTP angle was larger in participants with BML than in those without
BML (p¼0.018).

Non-OA

GP not observed
Total
Sample number
Age (years)
Height (cm)
BMI (kg/m2)
MPTA ( )
GP-TP ( )
GP-MTP ( )
NTx (nM)
TRACP-5b (mU/dL)
BAP (mg/L)
PINP (mg/L)
Pentosidine (pmol/
mL)
Homocysteine (nmol/
mL)

GP observed

p value

Non-OA

EKOA

309
54.5±9.5
157.4±6.0
22.0±3.1
86.1±5.9
3.6±1.1
9.9±2.6
15.0±5.1 14.9±3.8
415±190 422.4±185
13.8±5.0 13.0±8.9
51.0±19.6 47.4±18.4
27.4±9.6 30.5±24.3

261
54.4±9.7
157.5±6.0
21.9±3.1
86.4±1.5
3.6±1.2
9.9±2.6
15.0±3.8
431±14
13.1±4.9
47.8±1.5
29.3±16.8

48
55.0±8.8
156.8±6.1
22.3±3.2
86.6±1.4
3.6±0.9
9.8±2.6
14.5±3.7
393.5±27
9.8±4.3
45.9±2.6
37.1±47.2

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

9.0±3.1

8.5±0.2

8.3±0.4

ns

131
52.7±14.1
156.1±6.0
22.4±3.6
86.6±1.2

8.5±2.7

MPTA
GP-TP
GP-MTP

BML (+)

86.4±1.4
3.5±1.3
10.0±2.5

86.3±1.8
3.5±1.1
9.9±2.9

Osteoarthritis
andCartilage

Serum bone metabolic marker levels did not signiﬁcantly differ
between the non-OA and EKOA groups. The MPTA was negatively correlated with the GP-TP and GP-MTP angles (r¼0.253, p<0.001 and
r¼0.369, p<0.001, respectively).

ns
ns
ns

EKOA

p value

BML (-)

BML (+)

86.8±1.3
3.5±1.0
9.4±2.7

86.0±1.2
3.9±0.7
11.1±2.0

Radiographic
measurements
between participants with and
without BML

0.020
ns
0.018

Osteoarthritis
andCartilage

Linear regression analysis revealed that age was positively associated
with BML severity in overall participants. In the non-OA group, serum
TRACP-5b level was positively associated with BML (b¼0.236, p¼0.047).
Proximal tibial inclination (MPTA and GP-MTP angle) was associated
with BML only in the EKOA group (b¼0.281, p¼0.011 and b¼0.262,
p¼0.046, respectively).

Parameter

Clinical characteristics of the
participants

p value

BML (-)

Non-OA

p

b
Age
BMI
MPTA
GP-MTP
GP-TP
Total PINP
TRACP-5b
BAP
NTx
Pentosidine
Homocysteine

0.134
0.014
0.056
0.053
0.082
0.052
0.236
0.004
0.032
0.024
0.011

EKOA

p

b
0.009
ns
ns
ns
ns
ns
0.047
ns
ns
ns
ns

0.503
0.072
0.289
0.262
0.137
0.060
0.076
0.039
0.074
0.136
0.136

Relationship among bone marrow lesion, tibial inclination, and
serum bone metabolic markers

<0.0001
ns
0.011
0.046
ns
ns
ns
ns
ns
ns
ns

Osteoarthritis
andCartilage
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The ROC analysis indicated that the cutoff values for detecting BML
were 86.7 for the MPTA (AUC: 0.703, p¼0.030) and 9.7 for the GP-MTP
angle (AUC: 0.706, p¼0.028).

Conclusions: The GP was a reasonable reference for assessing TP
inclination. The presence of BML was associated with greater TP inclination and higher bone formation activity, even in participants without
radiographic abnormalities. Residual medial tibial inclination may
potentially result in knee pain and symptoms in EKOA.
PRESENTATION NUMBER: 357
EXOSOME-TRANSPORTED
CIRCRNA_0001236
ENHANCES
CHONDROGENESIS AND SUPPRESSES CARTILAGE DEGRADATION
VIA MIR-3677-3P/SOX9 PATHWAY
G. Mao, Y. Xu, D. Long, K. Yan. The ﬁrst afﬁliated Hosp., Sun Yat-sen Univ.,
Guangzhou, China

Based on these cutoff values, tibial bone morphology was divided into
the following three groups: neutral (MPTA 86.7 ).

(a), tibia vara (extra-articular deformity: MPTA <86.7 and GP-MTP
angle <9.7 ) (b), and genu varum (intra-articular deformity: MPTA
<86.7 and GP-MTP angle 9.7 ) groups (c). In the neutral group, 55
(46%) participants out of 120 participants had GP-MTP angle 9.7. The
serum NTx level was signiﬁcantly lower in the genu varum group than
in the tibia vara group (p¼0.023). The serum TRACP-5b level was signiﬁcantly lower in the genu varum group than in the neutral group
(p¼0.012).

Neutral
(MPTA
86.7 )
Sample number
MPTA
GP-MTP
NTx
BAP
TRACP-5b
PINP
Pentosidine
Homocysteine

120
87.6±0.7
9.1±2.4
14.9±3.5
13.1±0.4
421±193
46.8±18.2
32.6±2.2
8.4±2.5

Inclined (MPTA <86.7 )

p value

Tibia vara
Genu varum
(MTP-GP <9.7 ) (MTP-GP 9.7 )
75
85.5±0.9
7.7±1.5
15.9±7.9
12.5±0.5
409±202
49.4±27.2
30.5±28.2
8.6±3.0

114
85.1±1.2
12.2±1.7
13.8±3.9
11.7±0.4
351±168
45.1±19.7
28.2±2.2
8.3±2.5

Serum bone metabolic marker
levels among proximal tibial
inclination types

<0.001
<0.001
0.023
ns
0.012
ns
ns
ns

Osteoarthritis
andCartilage

Purpose: Exosomal Circular RNAs (circRNA) expression aberration has
been identiﬁed in various human diseases. In this study, we investigated whether exosomal circRNAs could act as competing endogenous
RNAs to regulate the pathological process of osteoarthritis (OA).
Methods: Exosomal CircRNA deep sequencing was performed to the
expression of circRNAs in hMSC-induced chondrogenesis from days 0 to
days 21. The regulatory and functional role of exosomal
circRNA_0001236 upregulation was examined in days 21 after hMSCinduced chondrogenesis and was validated in vitro and in vivo,
downstream target of CircSERPINE2 was explored. A luciferase reporter
assay, biotin-coupled microRNA capture and ﬂuorescence in situ
hybridisation were used to evaluate the interaction between
CircRNA_0001236 and miR-3677-3p, as well as the target mRNA, a
transcript factor, sex-determining region Y-box 9 (Sox9). The role and
mechanism of exosomal circRNA_0001236 in OA was also explored in
DMM mouse models.
Results: The upregulated expression of exosomal circRNA_0001236
enhanced the col2a1 and Sox9 expression and inhibited the mmp13
level during the hMSC-induced to chondrogenesis. Moreover,
circRNA_0001236 acted as a sponge of miR-3677-3p and functioned in
human chondrocytes (HCs) through targeting miR-3677-3p and Sox9.
Intra-articular injection of exosomal circRNA_0001236 attenuated OA
in the DMM MOUSE model.
Conclusions: Our results reveal an important role for a novel exosomal
circRNA_0001236 in chondrogenic differentiation progression. Overexpressed exosomal circRNA_0001236 could promote cartilage-speciﬁc
gene and protein level through miR-3677-3p/Sox9 pathway. It provides
a potentially effective therapeutic strategy for OA progression.
PRESENTATION NUMBER: 358
ANTI-MULLERIAN HORMONE WAS A SERUM BIOMARKER FOR
EARLY KNEE OSTEOARTHRITIS - IWAKI COHORT STUDY
E. Sasaki, S. Ota, D. Chiba, K. Ishibashi, Y. Yamamoto, E. Tsuda, M. Ando,
Y. Ishibashi. Hirosaki Univ. Graduate Sch. of Med., Hirosaki, Japan
Purpose: Disadvantages of progressed knee OA include high treatment
costs, decreased productivity, and absence from work; therefore, early
diagnosis is crucial for early treatment and preventative interventions.
A recent epidemiological study revealed that the highest prevalence of
early knee OA (EKOA) was observed in females aged  50 years, owing
to factors such as age, female sex, obesity, and previous knee injury. The
major causal factor of EKOA and radiographic knee OA (RKOA) was sex.
Estrogen deﬁciency after menopause is known to cause a reduction in
bone mineral density (BMD), and suppress cartilage and subchondral
bone remodeling. Despite the relevance of estrogen in evaluating
chondral and bony metabolism, it is not easily clinically monitored
because irregular menstrual cycles induce unstable female hormone
patterns during menopausal transitions. Antimullerian hormone (AMH)
has been found to be a new biomarker to predict menopause; it
decreases three years prior to menopause. However, few reports exist to
investigate the relationship between menopausal transition and EKOA.
This epidemiological study aimed to investigate the association
between menopausal transition and EKOA by using serum biomarkers,
with special focus on AMH.
Methods: A total of 518 female volunteers age  40 years who participated in the Iwaki cohort study were enrolled and divided into
groups (pre- and post-menopause). The weight-bearing, full extension,
and anterior-posterior radiographs of both knees were obtained and
classiﬁed by Kellgren-Lawrence grade; grade  2 was deﬁned as RKOA.
EKOA was deﬁned by Luyten’s criteria; knee injury and osteoarthritis
outcome score <85%, joint line tenderness in participants with KL grade
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0 and 1. In blood analysis, AMH (ng/ml, CLEIA), luteinizing hormone (LH,
mIU/ml, CLIA), follicle-stimulating hormone (FSH, mIU/ml, CLIA),
estradiol (pg/ml, CLIA), prolactin (ng/ml, CLIA), and testosterone (ng/ml,
CLIA) were measured on the female hormones. Further, bone metabolism was evaluated by the following markers: type I procollagen Nterminal propeptide total (total PINP, mg/l, ECLIA), bone alkaline phosphatase (BAP, mg/l, CLEIA), N-terminal telopeptide (NTx, nMBCE/l, EIA),
and tartrate-resistant acid phosphatase 5b (TRACP-5b, mU/dl, EIA). The
inﬂammation markers, high sensitivity C-reactive protein (hr-CRP, mg/
dl, Nephelometry), adiponectin (mg/ml, LA), and leptin (ng/ml, RIA)
were examined. The bone mineral density (BMD) of the right forearm
was determined by dual-energy X-ray absorptiometry using DCS600EXV (Hitachi Aloka Medical). As the statistical analysis, the chisquare test for categorical variables and analysis of variance (ANOVA)
and Tukey test for continuous variables were performed to compare the
serum biomarkers among non-KOA, EKOA, and RKOA groups. Also, the
predictive power of female hormones for EKOA was estimate by ROC
analysis (comparison of area under curve: AUC) and regression analysis.
Results: Out of the 518 participants, 262 (50.6%) were classiﬁed as nonOA, 52 (10.0%) participants as EKOA, and 204 (39.4%) participants as
RKOA. There were no signiﬁcant differences of age, BMI, and BMD
between non-KOA and EKOA groups (Table 1). One hundred twentyﬁve (24.1%) females were at pre-menopausal condition, and a total of
393 (75.9%) females began menopause. While BMI and BMD of RKOA
was signiﬁcantly higher than those of non-KOA, there was no signiﬁcant
difference between non-KOA and EKOA groups. At the premenopausal
stages, Spearman’s correlation between age and estradiol was weak
(r¼-0.281, p¼0.002), and there was no correlation post-menopause
(p¼0.334) (Fig. 1A). On the other hand, the values of AMH in premenopausal females were 0.93 ± 1.22 ng/ml, which was highly correlated with age (r ¼ -0.738, p< 0.001); the levels in post-menopausal
females were 0.02 ± 0.01 ng/ml, regardless of age (p¼0.126) (Fig. 1B).
Also, the values of estradiol and AMH of EKOA and RKOA were signiﬁcantly lower than that of the non-KOA group (Table 1). ROC analysis
in pre-menopausal females with KL grade zero and one showed that
lower AMH strongly predicts the presence of EKOA, and its cut-off value
was estimated as 0.08 ng/ml. The odds ratio for EKOA was 8.28 (p ¼
0.024, AUC: 0.712, 95%CI: 0.527-0.897) (Fig. 2) (Table 2). AUCs of other
female hormones did not reached the level of AMH; 0.636 in estradiol,
0.677 in LH, 0.697 in FSH, 0.513 in Prolactin, and 0.513 in Testosterone
(Table 2). The prevalence of EKOA in post-menopausal females was
10.9%, and that of RKOA was up to 48.1% (Table 2). Pre-menopausal
women were grouped into two categories based on the cut-off value;
the presence of EKOA increased up to 15.0%, compared with 3.5% in
those with higher AMH (p<0.001) (Table 3). Finally, logistic regression
analysis focusing on AMH reduction at menopausal transition showed
that the related AMH below 0.08 ng/ml was signiﬁcantly related to the
presence of EKOA (p¼0.035, Odds ratio: 5.55) (Table 4).
Conclusions: AMH reduction below 0.08 ng/ml during menopausal
transition indicated the presence of EKOA, which was a valuable biomarker for the detection of EKOA.
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Sample number
Age (y.o)
Post-menopause (%)
Body mass index (kg/m2)
Bone mineral density (g/cm2)
Anti-Mullerian hormone (ng/ml)
Estradiol (pg/ml)
Luteinizing hormone (mIU/ml)
Follicle-stimulating
hormone (mIU/ml)
Prolactin (ng/ml)
Testosterone (ng/ml)
High sensitivity C-reactive
protein (mg/dl)
Adiponectin (mg/ml)
Leptin (ng/ml)

Table 1

EKOA

RKOA

262
55.8±10.5
161 (61.5%)
22.0±2.9
0.59±0.10
0.39±0.88
50.9±95.7
16.9±11.2
42.5±29.8

52
58.8±7.8
43 (82.7%)
22.8±3.5
0.58±0.09
0.08±0.31*
19.6±50.8*
19.6±7.2
53.9±23.7*

204
67.2±9.8*y
189 (92.6%) *
23.8±3.5*
0.52±0.09*y
0.08±0.46*
11.0±21.0*
18.5±9.2
50.9±20.6*

10.0±9.2
0.24±0.09
0.06±0.14

10.6±13.1
0.24±0.15
0.05±0.14

10.5±16.2
0.24±0.09
0.09±0.18

12.5±6.0
10.0±5.7

12.1±5.0
10.3±5.8

13.2±6.1
12.2±8.5*

Demographic data of non-KOA,
EKOA, and RKOA groups.

Antimullerian hormone
Estradiol
Luteinizing hormone
Follicle-stimulating
hormone
Prolactin
Testosterone

Table 2

Non-KOA

Osteoarthritis
andCartilage

AUC

95%CI

p-value

Cut-off
value

Odds
ratio

0.712
0.636
0.677
0.697

0.527-0.897
0.399-0.873
0.487-0.866
0.509-0.886

0.025
0.260
0.068
0.040

0.08
20.00
10.27
9.65

8.28
7.17
9.13
8.28

0.513
0.513

0.286-0.740
0.325-0.702

0.909
0.890

16.32
0.21

2.31
1.62

ROC analysis of female hormones
for
early
knee
osteoarthritis.

Osteoarthritis
andCartilage
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further investigation, our ﬁndings highlight the need to determine the
optimal levels of circulating 25(OH)D to prevent osteoporotic fractures
and reduce the risk of hip osteoarthritis.

AMH reduction
Total PINP
Leptin

Table 4

EKOA
RKOA

Table 3

Standard partial
regression
coefﬁcient

pvalue

Odds
ratio

95% conﬁdence
interval

1.71
-0.05
0.12

0.035
0.106
0.015

5.55
0.95
1.13

1.13 - 27.23
0.90 - 1.01
1.02 - 1.25

Risk factors for early knee
osteoarthritis in pre-menopausal females

Osteoarthritis
andCartilage

Pre-menopause,
AMHS0.08

Pre-menopause,
AMH<0.08

Post-menopause

3.5%
12.9%

15.0%
10.0%

10.9%
48.1%

Prevalence of knee osteoarthritis
in menopausal transition and
post-menopausal stage.
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PRESENTATION NUMBER: 359
ASSOCIATION BETWEEN CIRCULATING 25-HYDROXYVITAMIN D
CONCENTRATIONS AND HIP REPLACEMENT FOR OSTEOARTHRITIS:
RESULTS FROM A PROSPECTIVE COHORT STUDY
S. Hussain 1, Y. Wang 1, A.K. Heath 2, G.G. Giles 3, D.R. English 3,
D.W. Eyles 4, E.J. Williamson 5, S.E. Graves 6, A.E. Wluka 1,
F.M. Cicuttini 1. 1 Monash Univ., Melbourne, Australia; 2 Imperial Coll.,
London, United Kingdom; 3 The Univ. of Melbourne, Melbourne,
Australia; 4 The Univ. of Queensland, Brisbane, Australia; 5 London Sch.
of Hygiene & Tropical Med., London, United Kingdom; 6 Univ. of
Adelaide, Adelaide, Australia
Purpose: To examine the association between circulating 25(OH)D
concentrations and incidence of total hip replacement for osteoarthritis
in a prospective cohort study.
Methods: This study examined a random sample of 2768 participants in
the Melbourne Collaborative Cohort Study who had 25(OH)D concentrations measured from dried blood spots collected in 1990-1994. Participants who underwent total hip replacement for osteoarthritis
between January 2001 and December 2018 were identiﬁed by linking
the cohort records to the Australian Orthopaedic Association National
Joint Replacement Registry. Participants with self-reported hip
replacement before January 2001 were identiﬁed as having severe hip
osteoarthritis. Logistic regression was used to estimate odds ratios (OR)
and 95% conﬁdence intervals (CI) of total hip replacement in relation to
25(OH)D concentrations.
Results: 97 men and 94 women had a total hip replacement for
osteoarthritis. Compared with men in the lowest (1st) quartile of 25(OH)
D concentration, the OR for total hip replacement was 1.61 (95% CI 0.843.09) for those in the 2nd quartile, 2.15 (95% CI 1.15-4.01) for those in the
3rd quartile, and 1.32 (95% CI 0.67-2.61) for those in the highest quartile
of 25(OH)D concentrations (p for trend 0.047). There was little evidence
of an association in women.
Conclusions: Higher circulating 25(OH)D concentrations were associated with an increased risk of hip replacement for osteoarthritis in
men but not in women. Although the underlying mechanism warrants

PRESENTATION NUMBER: 360
INTERVENTION STRATEGIES ON KNEE PAIN TO REDUCE THE RISK OF
A KNEE REPLACEMENT
S. Jafarzadeh 1, T. Neogi 1, D.K. White 2, D.T. Felson 1. 1 Boston Univ. Sch. of
Med., Boston, MA, USA; 2 Univ. of Delaware, Newark, DE, USA
Purpose: While the development of new osteoarthritis (OA) treatments
target pain improvement, it is unclear how much pain reduction is
needed to decrease rates of knee replacement (KR). This is, in part,
because trials are not sustained long enough to capture effects on KR.
Quantifying the long-term effect of pain reduction on KR rates is
hampered by biases induced by informative censoring due to loss to
follow-up or death, time-varying nature of pain interventions, and the
inﬂuence of time-dependent confounding factors and evolving patient
comorbidities on both pain interventions and receiving a KR. Because
KR is such a critical outcome of OA treatments, some trials have
attempted to include it as an outcome at a prohibitive cost in terms of
sample size and length of follow-up. Further, trials focused on an
unrealistic scenario where a non-time-varying assignment of treatments to all treated individuals disregarded different health problems
and characteristics that could prevent a substantial proportion of the
population in real world from reaching the intended levels of a treatment. We sought to understand the impact of pain reduction on KR risk
through a causal-inference based method that explicitly addresses all
aforementioned shortcomings. Speciﬁcally, we emulated a hypothetical
longitudinal trial in which a series of sequential interventions on knee
pain is adapted over several years. We studied the effect of individualized pain interventions where each intervention-decision stage
dynamically responded to intervention history and patient characteristics. We additionally tested several degrees of knee pain efﬁcacy
related to the active interventions for their impact on reducing the risk
of a KR.
Methods: We included data from baseline, 12-, 24-, 36-, 48-, 72-, and
96-month study visits of the Osteoarthritis Initiative (OAI). The outcome was deﬁned as a KR conﬁrmed by medical record and/or
radiograph. The exposure of interest, which was used in hypothetical
interventions, was knee pain that was quantiﬁed by the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
pain subscale. We tested a hypothetical dynamic pain intervention
strategy such that we compared the risk of a KR in knees with no
intervention (with no pain improvement) to an intervention strategy
of reducing knee pain by 1, 2, or 3 units on the WOMAC pain scale (020). Because KR would be unlikely at low pain levels, we tested levels
of pain reduction only if a knee was experiencing a pain level equal or
greater than 5/20 at a study visit. An intervention in a given visit was
assumed to be sustained until the next intervention-decision stage
(i.e., a subsequent OAI study visit). We used a double-robust causal
inference-based method of targeted learning to estimate the average
treatment effect for each intervention strategy. Targeted learningbased estimation of treatment effects for these hypothetical sequential interventions accounted for both longitudinal time-dependent
confounding and selection bias as a result of informative censoring
due to loss to follow-up or death during the study period. Further,
time-dependent adjustment avoided bias of adjusting for intermediate factors such as subsequent pain interventions or evolving
characteristics at a given study visit. Missing data were imputed by
multivariate imputation by chained equations using a random forest
algorithm.
Results: The study sample included 4796 OAI participants (58.5%
female; baseline mean age ¼ 61.2 [SD ¼ 9.2]). Of 9592 knees in the OAI,
528 (5.5%) underwent a KR. Further, 40.7% (3902/9592) of knees in the
OAI experienced pain that reached or exceeded 5 on WOMAC scale at
least once during the study period. The mean KR risk (population outcome) in a hypothetical population adjusted for loss to follow-up under
the no intervention strategy was estimated to be 6.4% (95% CI: 5.1%,
7.7%). For our deﬁned dynamic intervention strategies consisting of a
pain reduction by 1, 2, and 3 units on the WOMAC pain subscale in
painful knees that reached or exceeded 5 on WOMAC pain score, the
causal KR risk was reduced by 0.6%, 1.1%, and 1.5%, respectively (Table 1),
adjusted for loss to follow-up and time-dependent confounding by
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intervention history and evolving patient characteristics. The corresponding risk ratios are shown in the table.
Conclusions: Optimizing long-term intervention strategies in knee
OA is challenging and requires assigning interventions to individuals
that are most likely to beneﬁt from them or being able to modify
interventions when patient characteristics evolve over time. This
study quantiﬁed, for the ﬁrst time, the effect of such long-term pain
intervention strategies on the risk of KR. Given the rising rates of KR
in the United States, intervention strategies that allow us to reduce
the risk of a KR will have signiﬁcant public health and economic
impacts.

PRESENTATION NUMBER: 361
LACK OF AGREEMENT IN EXPERTS’ CLASSIFICATION OF PATIENTS
WITH EARLY-STAGE KNEE OSTEOARTHRITIS
A. Mahmoudian 1, 2, S. Lohmander 2, M. Englund 2, P. Hansen 3,
F. Luyten 1. , t. Classiﬁcation Criteria Expert Panel41 KU Leuven, Leuven,
Belgium; 2 Lund Univ., Lund, Sweden; 3 Univ. of Otago, Dunedin, New
Zealand; 4 International panel of experts, Belgium*
Purpose: Current classiﬁcation criteria for knee osteoarthritis (OA)
typically deﬁne patients at a relatively late disease stage with substantial structural changes and biomechanical derangement. Earlier
identiﬁcation of patients may be more suitable to test interventions that
potentially slow down structural disease progression and improve
patient outcomes. However, there is a lack of consensus on classiﬁcation
of patients with symptomatic early-stage knee OA (EsKOA). The use of
such classiﬁcation criteria would also allow more efﬁcient future metaanalyses and other comparisons of results across studies. Thus, as part
of an ongoing effort to develop and validate criteria for EsKOA, we
investigated the extent of agreement between experts with respect to
classiﬁcation of patients with EsKOA in a typical clinical setting of primary and/or specialized care.
Methods: We ran an online ‘ranking survey’ that involved expert participants using their clinical judgement to individually rank representative case scenarios of patients with symptomatic knees that could
potentially be classiﬁed as EsKOA. The survey was implemented using
1000minds software (www.1000minds.com), and a diverse panel of
experts (n ¼ 34) in terms of geography and areas of expertise was
assembled. Each expert was asked to submit one or two case
scenarios representative of patients with symptomatic knees
routinely encountered predominantly in primary care. The case
scenarios were designed to include the main clinical signs and
symptoms as well as a range of patient characteristics regarding age,
gender, and social circumstances. Only symptomatic knees with a
radiographic Kellgren and Lawrence of grade 0-I were presented. The
cases were reviewed and, where necessary, reﬁned. Twenty case
scenarios were selected. Particular attention was paid when
composing the scenarios to the quantity and order of information
presented. Each participant was sent a link to the survey that
involved them being presented with the 20 patient case scenarios (in
random order) and asked to rank them as how likely it is that you
would classify them as early-stage knee OA patients, based on your
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clinical experience (1st¼most likely ... 20th¼least likely). The extent
of agreement between the 29 experts was analyzed by comparing
their rankings of the 20 case scenarios; Kendall’s coefﬁcient of
concordance was also calculated.
Results: All 34 invited experts completed the survey - comprising 14
orthopedic surgeons, 13 rheumatologists, 2 general practitioners, 2
sports medicine specialist and 3 physical therapists. The results from
the ranking survey are presented in Table 1. The number in each cell
is the number of participants who ranked the patient case scenario
(horizontal axis) in each position (vertical axis). For example, in Table
1, 11 of the 34 experts ranked ‘Bob’ 1st (i.e. “most likely to have earlystage knee OA”), ﬁve experts ranked him 2nd, three ranked him 3rd,
ﬁve ranked him 4th and one ranked him 5th. In contrast, ﬁve of the
experts ranked ‘Rose’ 20th or last (i.e. “least likely to have early-stage
knee OA”), nine experts ranked her 19th (second-last) and seven
experts ranked her 18th. Table 1 also clearly demonstrates that
agreement over the rankings for the two most ‘extreme’ patients,
‘Bob’ and ‘Rose’ (1st and 20th respectively), is higher, than for ‘middleranked’ patients; e.g. ‘John’ received an almost full range of rankings,
from 2nd to 20th, meaning some experts thought he was very likely to
have early-stage knee OA, whereas other experts thought his clinical
picture was due to conditions other than EsKOA (Figure 1). Overall,
the distribution of rankings indicates a relative lack of agreement for
most cases. With respect to the extent to which the participants’
individual rankings of the twenty case scenarios agree or disagree (i.e.
their ‘concordance’), Kendall’s coefﬁcient of concordance is 0.42
(where 1 ¼ perfect agreement between the rankings, and 0 ¼ perfect
disagreement).
Conclusions: Experts differ considerably in their judgements with
respect to the classiﬁcation of symptomatic knees as early-stage knee
OA. The ﬁndings further highlight the need for valid and reliable classiﬁcation criteria to help with identiﬁcation of a subgroup of patients
with knee symptoms and a high likelihood of structural progression
within a 2-5-year time frame.
*International Early-stage Knee OA Classiﬁcation Criteria Expert
Panel:Europe: Nigel Arden (UK), Francis Berenbaum (France), Pieter
Berger (Belgium), Fraser Birrell (UK), Stijn Bogaerts (Belgium), Mats
Brittberg (Sweden), Philip Conaghan (UK), Leif Dahlberg (Sweden),
Kurt de Vlam (Belgium), Lars Goebel (Germany), Gabriel HerreroBeaumont (Spain), Margreet Kloppenburg (Netherlands), Patrick Orth
(Germany), David Spitaels (Belgium), Patrick Vankrunkelsven (Belgium), Goetz H. Welsch (Germany), Rene Westhovens (Belgium) US:
William Bugbee, Alison Chang, Marc Hochberg, S. Richard Ma,
Amanda Nelson Canada: Tom Appleton, Alan Getgood, Brent Lanting,
Jane Thornton Australia: Kim Bennell, Adam Culvenor Japan: Ken
Nakata, Eiji Sasaki, Ichiro Sekyia
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PRESENTATION NUMBER: 362
UNSUPERVISED AND SUPERVISED MACHINE LEARNING FOR
ESTABLISHING BACK PAIN PHENOTYPES: DATA FROM THE OAI
Z. Huang 1, W. Guo 2, J.T. Martin 1. 1 Duke Univ., Durham, NC, USA; 2 City of
Hope Natl. Med. Ctr., Duarte, CA, USA
Purpose: Back pain is a heterogeneous disease with biological, physical,
and psychosocial etiologies. As a result, the underlying combination of
factors that drive pain (i.e. the pain phenotype) is difﬁcult to identify in
an individual and a speciﬁc cause of pain cannot be identiﬁed in 90% of
those who seek care [1]. It is also not possible to predict which patients
develop pain that will become chronic. The Osteoarthritis Initiative
(OAI) is a longitudinal, observational study of knee health with 4,796
enrollees spanning 14 years with assessments of demographics,
anthropometry, diet, physical activity, mental and physical health,
medical history among other indices. While the OAI is focused on knee
health, other joints like spine are also evaluated. In this study, we
leveraged the OAI dataset to evaluate drivers of back pain, using
machine learning to determine back pain phenotypes and to predict if
an individual with pain will develop chronic pain. To do so, we identiﬁed participants that reported back pain at enrollment and used
unsupervised learning (k-medoids clustering) to establish pain phenotypes. Next, we identiﬁed participants with pain that persisted from
enrollment until the 10-year timepoint. We performed supervised
learning (random forest, support vector machine) to develop a model to
predict which patients developed long-term pain.
Methods: Unsupervised Learning. Subjects We included participants
who responded to the question “How many days were you limited by
back pain in the last 30 days?” with 14 days. We excluded participants
with <80% of variables completed. 215 participants met these criteria:
days with back pain 24.0±6.8; age 60.6±9.4 (range: 45-79); 59% female/
41% male; 67% White or Caucasian/31% Black or African American; BMI
30.6±5.3 (range: 19.2-46.7). All calculations were performed in R (R
4.0.2). Variables We removed knee-focused variables that had no analogue in another joint, variables with <80% completeness, and variables
with zero variance, identifying 485 relevant variables. We removed
correlated variables (r>0.7), ending with 297 variables. Clustering and
Dimensional Reduction Data (215 participants, 297 variables) was processed by clustering and dimensional reduction. We calculated the
dissimilarity matrix using the Gower distance and performed kmedoids clustering. Silhouette width determined three clusters was
optimal. Dimensional reduction was performed using UMAP [2]. Statistics Continuous and ordinal variables were evaluated using the
Kruskal Wallis test, while categorical variables were evaluated using
Fisher’s exact test. Signiﬁcance was deﬁned with a correction for multiple comparisons (p<0.05/485). We further scrutinized variables by

calculating effect sizes. Cramer’s V was calculated for categorical variables, effect sizes deﬁned as: “small” 0.1 to 0.3, “medium” 0.3 to 0.5,
“large” >0.5. For continuous and ordinal variables, the maximum fold
difference between groups was calculated and a 1.5-fold threshold was
used. Supervised Learning. We deﬁned groups with ‘short-term’ pain
(n¼40, reported 14 days with activity-limiting pain at enrollment but
no reported pain at subsequent visits) and ‘long-term’ pain (n¼66,
reported 14 days with activity-limiting pain at enrollment and then
again in at least three of six visits between years 1 and 10). We compared groups statistically to identify variables that differentiated individuals with short- and long-term pain. Then, we trained random forest
and support vector machine models to predict which individuals would
develop long-term pain. To do so, we ﬁrst identiﬁed the most inﬂuential
variables (GINI metric) in the random forest model and reﬁned the best
combination of variables by calculating the area under the curve (AUC)
for the Receiver Operating Characteristic (ROC) curve. Hyperparameters
were optimized by performing a grid search. We compared the performance of these models to a logistic regression model with the same
variables.
Results: Through unsupervised learning, we identiﬁed 3 back pain
clusters that were differentiated by 72 variables that met signiﬁcance
and effect size criteria. These variables reﬂected differences in socioeconomics, mental and physical health, and diet (representative variables in Fig. 2). There were no differences in sex, height, weight, BMI, age,
smoking, or cardiovascular health. Cluster 1 had higher income, better
employment status, higher education level, were more Caucasian, and
had better mental and physical ﬁtness than the other clusters. Cluster 2
ate more than individuals in the other clusters, including more high fat/
high calorie foods and low fat/low calorie foods. Cluster 3 had lower
income, worse employment status, lower education level, were racially
mixed, and had worse mental and physical ﬁtness than the other
clusters. In addition, Cluster 3 ate less calories per day, ingesting less fat
and less healthy foods like vegetables. Cluster 3 also reported the most
severe pain symptoms. Cluster 1 (higher socioeconomic status) had the
lowest percentage of individuals to progress to long-term pain (54%),
while Cluster 2 (high calorie diet) had the highest (75%). Cluster 3
(lower socioeconomic status) was intermediate (65%) and had the
highest number lost to follow-up (C1: 30%, C2: 32%, C3: 45%). Additionally, three variables related to pain interference and alcohol consumption differentiated the short-term and long-term pain groups
(Fig. 3). We identiﬁed ﬁve variables that most were most inﬂuential in
the random forest model based on the GINI metric. These variables were
related to pain interference, alcohol consumption, and BMI. The
machine learning models using these variables outperformed logistic
regression: AUC (RF: 0.82, SVM: 0.81, LR: 0.76), sensitivity (RF: 84%,
SVM: 87%, LR: 75%), and speciﬁcity (RF: 62%, SVM: 56%, LR: 56%).
Conclusions: We performed unsupervised and supervised learning on
individuals with back pain in the OAI database and identiﬁed three
distinct phenotypes: a high socioeconomic status group, a low socioeconomic status group, and a high calorie diet group. Individuals with
lower socioeconomic status had more severe pain and were more likely
to develop long-term pain symptoms. Long-term pain symptoms were
predicted by pain interference, alcohol consumption, and body mass
index. These data suggest that socioeconomic status in the onset of pain
as well as the development of chronic pain. Higher socioeconomic
status was associated with White or Caucasian race and better physical
function, while lower socioeconomic status was associated with
depression, worse physical function, and poor diet. This conﬁrms evidence that racial and socioeconomic factors drive depression [3] and
chronic pain [4]. Alcohol consumption (an indicator of higher socioeconomic status [5]) was higher in the short-term pain group and
predictive of long-term pain. Taken together, these data suggest there
may be an overreliance on the biomedical interpretation of pain in favor
of socioeconomic factors. In support of this, socioeconomic factors were
the primary contributors to statistical models that were predictive of
chronic pain. Diet was also a primary determinant of cluster assignment. Diet has been implicated as a factor in chronic pain [6] and
musculoskeletal disease is associated with a high fat diet [7]. In support
of these ﬁndings, we found that high BMI was predictive of long-term
pain. Speciﬁc diet-related factors may be targets for back pain
intervention.
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Figure 1 Inter-cluster differences. A) Socioeconomic, (B) Mental

health (C) Physical health, (D) Diet. Data is presented with ‘No back
pain’ control group and UMAP (data points represent an individual
with pain and the distance between points represents dissimilarity
between individuals). Clusters 1, 2, and 3 are labeled.
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men, and -0.31 (95%CI: -0.39, -0.24) over 10 years for women, a difference of 0.14 (95%CI: 0.04, 0.25). As shown in Figure 2, compared to
healthy knees (2a), there is greater heterogeneity in the distribution of
medial fJSW in KL2 and KLG 3 knees with SxROA (Figures 2b and 2c,
respectively).
Conclusions: The natural history of medial fJSW among healthy knees is
gradual loss with age. Heterogeneity of medial fJSW in healthy knees
was observed at all ages between 45 and 85 years. Among healthy
knees, women had less fJSW than men across the spectrum of age,
though women lost medial fJSW at a lower rate with age compared to
men. While the distributions of medial fJSW in healthy knees and those
with SxROA overlapped considerably, the distribution of medial fJSW in
knees with SxROA exhibited greater heterogeneity compared to healthy
knees. These ﬁndings aid our understanding of the natural history of
fJSW among healthy knees and knees with SxROA and provides information for the planning and interpretation of OA clinical trials.

Figure 2 Short-term versus long-term pain. Differences by (A)

cluster, (B) alcohol consumption, (C and D) and pain interference.
(E) ROC curves of machine learning and logistic regression models.
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PRESENTATION NUMBER: 363
HETEROGENEITY AND NATURAL HISTORY OF MEDIAL FIXED JOINT
SPACE WIDTH IN HEALTHY KNEES AND KNEES WITH
SYMPTOMATIC OSTEOARTHRITIS
C.K. Kwoh, E. Ashbeck. The Univ. of Arizona Arthritis Ctr., Tucson, AZ, USA
Purpose: Radiographic joint space width (JSW) is an FDA-accepted
measure of structure in randomized controlled trials. The distribution
and natural history of JSW among healthy knees as compared to diseased knees has not been established. Our objective is to compare sexspeciﬁc distributions of medial and lateral ﬁxed JSW (fJSW) among
healthy knees, as compared to JSW among knees with symptomatic
radiographic knee OA (SxROA).
Methods: We identiﬁed healthy knees from the OAI, deﬁned as knees
with no evidence of OA (i.e., Kellgren-Lawrence grade [KLG] grade 0)
and without reported frequent knee pain (i.e., pain on more than half
the days of the past 30 days). SxROA knees were deﬁned as KLG 2 or 3
with frequent knee pain. We estimated the distribution of medial
fJSW(x¼0.250) from ﬁxed ﬂexion PA radiographs for healthy knees and
knees with SxROA during OAI follow-up, using age as the metameter of
time. We ﬁtted a mixed model with random intercepts and slopes to
account for repeated measures within knees and knees within participants, and estimated the difference in mean medial fJSW for men and
women, as well as sex-speciﬁc rates of JSW loss.
Results: The sample consisted of 993 participants who contributed
1,294 knees with at least one healthy timepoint, for a total of 4,705
healthy timepoint observations; 1,159 participants who contributed
1,502 knees with at least one SxKL2 timepoint for a total of 3,130 SxKL2
timepoint observations; and 909 participants who contributed 1,133
knees with at least one SxKL3 timepoint for a total of 2,345 SxKL3
timepoint observations. Figure 1 shows the distribution of medial fJSW
in healthy knees from age 45 to 85 for men and women. Among healthy
knees, the estimated mean medial fJSW was greater in men compared
to women (difference of 0.94 mm; [95%CI: 0.82, 1.07]. The mean rate of
medial fJSW loss was -0.45 mm (95%CI: -0.54, -0.38) over 10 years for

Figure1 Medial Fixed Joint Space Width in Healthy Knees, Men and

Women.

Figure2 Medial Fixed Joint Space Width in Healthy Knees and Knees

with SymptomaticRadiographic Osteoarthritis.
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PRESENTATION NUMBER: 364
LARGE-SCALE GENOME-WIDE META-ANALYSES PROVIDE INSIGHTS
FOR THE DEVELOPMENT OF NEW DISEASE MODIFYING TARGETS
FOR OSTEOARTHRITIS
K. Hatzikotoulas 1, L. Southam 1, C.G. Boer 2. on behalf of Genetics of
Osteoarthritis Consortium1 Inst. of Translational Genomics, Helmholtz
Zentrum München, German Res. Ctr. for Environmental Hlth.,
Neuherberg, Germany; 2 Dept. of Internal Med., Erasmus MC, Med. Ctr.,
Rotterdam, Netherlands
Purpose: Osteoarthritis is the most prevalent musculoskeletal disease
with over 300 million people affected worldwide. The heritable component of osteoarthritis is ~50% and previous genetic studies have
identiﬁed 96 independent risk loci in total. Here, we conduct the largest
genome-wide association study (GWAS) meta-analysis for osteoarthritis to date to better understand the genetic determinants of the
disease and provide new targets for discovery and translation into
therapies.
Methods: We performed GWAS meta-analyses for osteoarthritis across
13 international cohorts stemming from 9 populations, in up to 826,690
individuals (177,517 osteoarthritis patients). We deﬁned 11 phenotypes
encompassing all major sites for osteoarthritis at both weight-bearing
and non-weight-bearing joints. We also performed a sex speciﬁc GWAS
meta-analysis for each of the 11 osteoarthritis phenotypes separately.
We investigated if osteoarthritis genetic components are shared with
other traits using cross trait LD score regression. To identify possible
osteoarthritis target tissues, we examined if the osteoarthritis signals
were enriched for active gene regulatory histone marks in the Roadmap
Epigenomics Project resource. To identify putative effector genes and
causal pathways that represent high-value targets for therapeutics, we
integrated supportive information from a series of post-GWAS analyses,
including statistical ﬁne-mapping, expression quantitative trait loci
(eQTL) colocalization, animal model data, human musculoskeletal
phenotype data, plasma pQTL causal inference analysis and examination of quantitative proteomics and RNA sequencing data for all genes
within 1Mb of the osteoarthritis-associated variants.
Results: We identiﬁed 100 statistically independent genome-wide
signiﬁcant (P1.3x10-8) single nucleotide variants (SNVs) associated
with osteoarthritis across the 11 phenotypes, 52 of which are new
signals implicated in osteoarthritis risk. We report the ﬁrst thumb
(n¼2), spine (n¼1) and female-speciﬁc osteoarthritis risk SNVs (n¼3).
The majority of SNVs, 60 out of the 100, are signiﬁcantly associated with
multiple osteoarthritis phenotypes, although some variants demonstrate a joint speciﬁc effect within the power constraints of the study.
Forty of the identiﬁed SNVs show genome-wide signiﬁcant associations
with weight-bearing joints only (spine, knee and/or hip), and 4 display
associations with no- weight-bearing joints only. Using LD-Hub, we
found that 274 of the 763 traits in this database were signiﬁcantly
correlated with osteoarthritis (Bonferroni P<6.0x10-6): anthropometric
traits (BMI, obesity, weight and fat mass), type 2 diabetes, education,
depressive symptoms, smoking behaviour, bone mineral density,
reproductive phenotypes and intelligence as previously reported, and,
for the ﬁrst time, several pain phenotypes. Fine-mapping analysis
showed that for 6 SNVs (3 new and 3 known), a single variant can be
postulated as causal with >95% posterior probability. We found signiﬁcant enrichment (P<1.3x10-8) of variants in the ﬁne mapped 95%
credible sets, in active gene regulatory histone marks in known osteoarthritis tissues, such as ﬁbroblasts, cartilage, bone, muscle and other
tissues from the same developmental lineage. We observed colocalization for 72 genes which are associated with 42 signals in at least 1
Genotype-Tissue Expression (GTEx) tissue. Forty-four genes showed
signiﬁcant differential expression and thirty four proteins showed differential abundance (false discovery rate (FDR)<0.05) between paired
intact and degraded cartilage from osteoarthritis patients that had
undergone total joint replacement surgery. Causal inference analysis
identiﬁed Matrix gla (MGP) and Spondin 2 (SPON2) protein levels to
play an important role in osteoarthritis of the ﬁnger/hand and knee,
respectively. By combining the results from the complementary functional genomics and computational approaches outlined above, we
identiﬁed 376 genes with at least one line of evidence pointing to a
putative effector gene. Gene-set enrichment analyses of these genes,
identiﬁed bone-, cartilage- and nerve- developmental pathways to be
signiﬁcantly associated (FDR<0.05) with osteoarthritis. Forty of the 376
genes have at least 3 different lines of evidence in support of their role
as an effector gene. Of these 40 genes, 25 provide strong additional

supportive evidence for previously-reported osteoarthritis-associated
genes and 15 reside in newly-associated signals: C2orf40 (lead SNV
rs66989638), TSEN15 (rs1327123), VGLL4 (rs2276749), RNF144B
(rs9396861), CHST3 (rs3740129), TRIOBP (rs12160491), CUX1
(rs116934101), FBN2 (rs17615906), IGF1R (rs12914479), COL2A1, PFKM
and WNT10B (rs7967762), PTCH1 (rs76340814), TNFSF11 (rs58973023)
and SNAP47 (rs11588850). We also examined the druggability status
(druggable genome database) of the 376 putative effector genes. Of
these, 120 were present in the database. From these osteoarthritis
druggable target genes, 41 genes reside in tier 1, which incorporates the
targets of approved (licensed) drugs and drugs in clinical development.
Conclusions: In this study, we have identiﬁed 52 new risk variants for
osteoarthritis. We report the ﬁrst thumb, spine and female-speciﬁc
osteoarthritis risk SNVs, and differences in genetic effects between
weight-bearing and non-weight bearing joints. We ﬁnd for the ﬁrsttime strong evidence for genetic correlation with phenotypes related to
pain, the main disease symptom, and identify circulating protein levels
that are on the causal path for osteoarthritis. We have integrated results
from several strands of investigation to better understand the genetic
architecture of the disease and identify putative genes and pathways of
osteoarthritis pathogenesis, which represent attractive targets for drug
discovery and/or repositioning.
PRESENTATION NUMBER: 365
DISCOVERY AND FUNCTIONAL ANALYSIS OF OSTEOARTHRITIS
SUSCEPTIBILITY GENES USING FAMILIES FROM A LARGE
POPULATION-BASED COHORT
N. Kazmers, K. Novak, K. Hoshijima, M. Honeggar, Y. Ma, D. Grunwald,
M. Jurynec. Univ. of Uath, Salt Lake City, UT, USA
Purpose: The main obstacle to the development of disease-modifying
therapies for OA is poor understanding of the disease process: we do
not know the cell types or molecular pathways that normally function
to limit susceptibility to OA. Our goal is to discover molecular pathways
that are vulnerability points for the development of OA and generate
mouse models using human disease alleles. We discover these pathways by identifying rare gene mutations in coding sequences that have
a strong effect on susceptibility to OA in families identiﬁed from a
unique statewide population-based cohort, the Utah Population Database. From the family studies, we identify gene variants that we view as
candidates for having a strong effect on OA susceptibility. To rapidly
identify those candidate variants that measurably alter gene function,
we quantitatively assay WT and variant gene functions in zebraﬁsh
embryos or tissue culture. We then determine whether and how the
functionally altered genes confer susceptibility to OA in genetically
modiﬁed mouse models.
Methods: We take an approach used infrequently in the OA ﬁeld. We
study many unrelated families with clear-cut inherited forms of OA to
identify susceptibility alleles that have strong determinate effects. To
discover pathways that when modiﬁed lead to strong and unambiguous
susceptibility to OA, we analyzed the exomes of >50 unrelated families
from the Utah Population Database that had a signiﬁcant enrichment of
dominantly inherited shoulder OA, distal and proximal interphalangeal
joint hand OA, erosive hand OA, and 1st metatarsophalangeal (MTP)
joint OA. We use loss- and gain-of-function analyses in zebraﬁsh to
rapidly screen for gene variants that have a functional impact on protein
activity. Finally, Crispr/Cas9 technology is used to introduce OA-associated disease alleles into the mouse where we analyze the how these
mutations affect onset and progression of OA.
Results: Our results indicate that we can use families to identify genes
and pathways that confer strong susceptibility to the early stages of OA.
Our approach has led to the discovery of candidate gene variants in
families with different forms of OA that affect common pathways. These
pathways include genes that regulate 1) the proinﬂammatory response,
2) mechanotransduction/mechanosensation, 3) the TGF-b and Notch
signaling pathways, 3) transcription modulators, and 4) ECM components and ECM modiﬁcation. We have discovered variants that are
worth pursuing experimentally as they coincide with loci detected in
GWAS, affect genes of related biological function, represent multiple
alleles of a candidate gene, and identify genes not previously linked to
OA.
We have identiﬁed mutations in the NOD-RIPK2 pathway in families
with interphalangeal joint, erosive hand, and 1st MTP joint OA. The
NOD-RIPK2 pathway is a central regulator of the proinﬂammatory
response. We have shown the OA-associated variants have increased
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proinﬂammatory activity relative to the wildtype protein. Based on
these ﬁndings, we propose the gene variants act dominantly as a gainof-function allele to over-stimulate the inﬂammatory response to naturally occurring joint damage leading to OA. To test this hypothesis we
introduced a single amino acid change, encoded by the RIPK2 disease
allele, into an isogenic mouse. Current results indicate mice harboring
the disease allele exhibit increased severity of OA, an increased systemic
inﬂammatory response, and altered gene expression when compared to
controls. We have generated a conditional disease allele to test whether
expression of the RIPK2 disease allele in innate immune cells or chondrocytes is sufﬁcient to confer increased susceptibility to experimentally induced or spontaneous OA in the mouse.
Erosive hand OA is characterized radiographically by centrally located
interphalangeal joint erosions, and clinically by its rapid onset and
progression. Genomic analysis of one family identiﬁed a rare coding
variant in the procollagen galactosyltransferase COLGALT1. Loss- and
gain-of-function analyses in the zebraﬁsh indicate that colgalt1a/1b are
necessary for cartilage formation. We are also examining if collagen
structure is disrupted in articular cartilage of mice with a Colgalt1
mutation and if Colgalt1 mutant mice are more susceptible to injury
induced OA.
Conclusions: Our studies demonstrate our innovative approach of
combining genetic analysis of families with OA and functional variant
analysis in the zebraﬁsh to identify well-supported OA-associated
alleles and pathways. Our approach has led to the discovery of 1)
compelling novel candidate genes, 2) multiple genes that contribute to
a common pathway, 3) and identiﬁcation of common pathways altered
in multiple forms of OA, 4) and to the generation of new mouse models
of OA. Our genetic studies of families with OA and functional analyses in
the mouse support our hypothesis that variation in the inﬂammatory
response may be a key factor in susceptibility to OA. Our work is signiﬁcant in that we have taken a novel approach to identify genes that
when mutated have a signiﬁcant impact on the onset or progression of
OA. Developing new animal models with these susceptibility genes will
be useful for discovery of therapeutic drugs.
PRESENTATION NUMBER: 366
QUANTIFYING THE CONTRIBUTION OF GENETIC VARIATION IN BONE
REGULATORY PATHWAYS TO OSTEOARTHRITIS RISK

A r2 value for each pathway was then calculated by summing r2 across
all independent SNPs. As the SE of the SNP-outcome effect could vary by
adjustment for a covariate despite the total phenotypic variance
remaining the same, the denominator for the OA outcomes was calculated using SEs from the unadjusted OA GWAS. Pathway-speciﬁc r2 for
eBMD were also calculated for comparison, using summary statistics
available from a GWAS of eBMD in those individuals with data for at
least one OA phenotype. Finally, to establish whether a given pathway
represented separate actions on BMD and OA (i.e. horizontal pleiotropy), or a BMD-dependent causal pathway on OA risk (i.e. vertical
pleiotropy), we examined if r2 values were attenuated by conditioning
on BMD, by repeating OA GWAS with additional adjustment for eBMD.
Results: The largest r2 for both BMD and OA phenotypes was for the
Wnt signalling pathway (7.5, 6.4, 6.6 and 6.5% of phenotypic variance
explained by all SNPs located within ±20kb of genes annotated to the
Wnt pathway for eBMD, hand, hip, and knee OA, respectively), which
included the most annotated genes (n¼139) and therefore the most
annotated SNPs. The proportion of variance in eBMD explained was
higher than the proportion of variance in OA risk across all pathways
and using both annotation methods. OA r2 were similar across hand,
hip, and knee joints. Estimates of the proportion of variance in OA risk
explained by the TGFb, BMP and osteoclast differentiation pathways
were 3-4% for all three joints using the location-based approach. The r2
for the OPG-RANK-RANKL pathway, speciﬁc to bone resorption, was
double for eBMD compared to the OA phenotypes (0.004 vs. 0.002).

Locationbased

A.E. Hartley, C.L. Gregson, J.H. Tobias, L. Paternoster. Univ. of Bristol,
Bristol, United Kingdom
Purpose: Higher bone mineral density (BMD) is a risk factor for
osteoarthritis of the hip and knee, with evidence suggesting that this, in
part, represents a causal pathway of increased BMD on OA risk. However, key biological pathways in bone development, such as Wnt and
TGFb signalling, have also been directly implicated in OA pathogenesis,
suggesting observational relationships between BMD and OA may
reﬂect genetic pleiotropy. We therefore aimed to quantify the contribution of genetic variation in four key bone pathways, namely Wnt,
TGFb and BMP signalling, and osteoclast differentiation (and speciﬁcally
OPG-RANK-RANKL), to OA risk and to establish whether common
pathways identiﬁed represent a BMD-dependent causal pathway
(indicating vertical pleiotropy) or separate actions on BMD and OA
(indicating horizontal pleiotropy).
Methods: Genes annotated to each pathway were identiﬁed using Kegg
pathway maps. SNPs annotated to these genes were identiﬁed using
two methods: 1) all SNPs within 20kb upstream or downstream of the
gene (location-based approach) and 2) cis-expression quantitative trait
loci (eQTLs) identiﬁed by the eQTLGen consortium (expression-based
approach). SNP-OA effect estimates and standard errors (SEs) were
extracted from GWAS summary statistics for hospital-diagnosed hand,
hip and knee OA; new GWAS for these three OA phenotypes were
performed in the UK Biobank population using a linear mixed model in
the software BOLT and with adjustment for sex and 10 principal components. GWAS were restricted to those with BMD measurements
estimated from heel ultrasound (eBMD). GWAS summary statistics
were pruned to generate a list of independent SNPs, using a linkage
disequilibrium threshold of 0.2. The proportion of variance in OA risk
explained by each independent SNP (r2SNP) was calculated as the variance explained by the SNP (numerator) divided by the total phenotypic
variance (denominator), estimated using the equation:
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Expressionbased

Wnt NSNPs¼14,521
TGFb NSNPs¼7,353
BMP NSNPs¼7,550
Osteoclast differentiation
NSNPs¼7,876
OPG-RANK-RANKL NSNPs¼330
Wnt NSNPs¼5,025
TGFb NSNPs¼2,186
BMP NSNPs¼2,419
Wnt NSNPs¼4,916

eBMD Hand
OA

Hip
OA

Knee
OA

0.075
0.047
0.060
0.044

0.064
0.034
0.035
0.034

0.066
0.034
0.035
0.036

0.065
0.034
0.034
0.036

0.004
0.085
0.021
0.026
0.038

0.002
0.022
0.010
0.012
0.024

0.002
0.024
0.011
0.011
0.022

0.002
0.024
0.012
0.012
0.026

The proportion of phenotypic
variance in eBMD and OA risk
explained (r2) by each pathway

Osteoarthritis
andCartilage

When calculating pathway-speciﬁc r2 based on blood eQTLs for genes in
each pathway, despite the annotation of fewer SNPs than using the
location-based approach, the proportion of variance in eBMD explained
by the Wnt signalling pathway was greater (8.5% by expressionbased vs. 7.5% by location-based), but the location-based SNPs
explained almost three times the variance in OA risk compared to the
eQTLs. The r2 for the osteoclast differentiation pathway, using the
expression-based approach, was similar to the location-based approach
for
eBMD,
despite
38%
fewer
SNPs
(location-based
r2¼0.044 vs. expression-based r2¼0.038). The largest expression-based
r2 for hand and knee OA were seen for eQTLs annotated to the osteoclast
differentiation pathway (r2¼0.024 and 0.026, for hand and knee
respectively), whilst for hip OA the largest contributor was the Wnt
signalling pathway (r2¼0.024).
Adjustment for eBMD made no difference to the variance in OA risk
explained by each pathway:
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Conclusions: We have determined the contribution of four key bone
pathways to OA risk at the hip, knee, and hand. These actions appear to
reﬂect a direct effect on OA risk, as opposed to one mediated by eBMD,
suggesting they may represent useful drug targets for OA as well as
osteoporosis, although treatments should be targeted at the direct
effect of these pathways on the joint, rather than an effect mediated by
increasing BMD.
PRESENTATION NUMBER: 367
THE EXPRESSION AND FUNCTION OF METASTASES ASSOCIATED
LUNG ADENOCARCINOMA TRANSCRIPT-1 LONG NON-CODING RNA
IN SUBCHONDRAL BONE AND OSTEOBLASTS IN OSTEOARTHRITIS
PATIENTS
F.A. Alnajjar, Sr.. Univ. of Birmingham, Birmingham, United Kingdom
Purpose: Epigenetic regulation of genes plays a central role in the
pathogenesis of many diseases, including osteoarthritis (OA). Long noncoding RNAs (lncRNAs), such as Metastasis Associated Lung Adenocarcinoma Transcribt-1 (MALAT-1), have emerged as new epigenetic
regulators and have been implicated in mediating important physiological roles and in the initiation and progression of multiple chronic
diseases including cancer, cardiovascular disease and OA. We recently
reported that MALAT1 is differentially expressed in the synovium of
obese OA patients and mediates the inﬂammatory synovial ﬁbroblast
phenotype. In bone, MALAT1 has been shown to regulate abnormalosteogenesis of human bone marrow stromal cells and to inhibit
osteoblast proliferation via RANKL signalling inducing MALAT1
expression. Suggesting therefore that MALAT1 could be a central
mediator of bone remodelling. However, to date the expression and
functional role of MALAT1 in OA subchondral bone has not been
reported. The aim of this study was therefore to ﬁrst proﬁle MALAT1
expression in subchondral bone tissue from different patient cohorts
with end-stage OA and correlate to anthropometric and joint health
parameters and to biomarkers of joint inﬂammation. Secondly, to
investigate the effect of MALAT-1 loss of function on the transcriptomic
proﬁle of OA osteoblasts.
Methods: Following ethical approval (NRES 16/SS/0172), subchondral
bone tissue, synovial ﬂuid and blood was collected from a total of 17
patients (n¼9 males, n¼8 females) with end-stage OA comprising of 6
patients with hip OA and 11 patients with knee OA, who were undergoing surgery at Russell’s Hall Hospital (Dudley, UK) or the Royal
Orthopaedic Hospital (Birmingham UK). Serum and synovial ﬂuid
cytokine concentrations were determined using Luminex multiplex
platform. Primary OA osteoblasts were cultured from subchondral bone
tissue. Total RNA was extracted using mini-columns (Qiagen) and RNA
integrity (RIN) evaluated (Agilent Bioanalyser). MALAT1 expression was
determined by qRTPCR. In-vitro loss of function MALAT1 studies were
performed using lipofectamine 3000 (Qiagen) to transfect primary
osteoblasts with two different Locked nucleic acids (LNAs) targeting
MALAT1 or with a non-targeting control (NTC) LNA (n¼3 patients). The
effect of MALAT1 knockdown on the OA osteoblast transcriptomic
phenotype was determined by Lexogen QuantSeq. Transcriptomic data
was analysed using bioinformatic software (Ingenuity pathway analysis,
and Galaxy Bioinformatics suite). Non-Parametric Mann Whitney test
and ANOVA followed by post-hoc analysis of Bonferroni was used to test
statistical signiﬁcance. Pearson correlations were performed to test the
strength of association between two variables. P-value  0.05 was
considered as signiﬁcant.
Results: MALAT-1 was highly expressed in OA subchondral bone tissue
but did not differ signiﬁcantly between obese and normal-weight OA
patients, or between patients with OA at different anatomical sites.
However, there was signiﬁcantly lower MALAT1 expression in male
patients (0.20 ±0.39), compared to female (0.86± 0.06) OA patients (P ¼
0.008). Analysis of the correlation between MALAT1 expression and
cytokine concentrations found a positive correlation with the synovial

ﬂuid concentration of IL-15 (R2 ¼ 0.430, P ¼ 0.015) and with the serum
concentration of the Wnt pathway inhibitor DKK1 (R2 ¼ 0.3, P ¼ 0.043)
and galectin-1 (R2 ¼ 0.443 P ¼ 0.009). Analysis of MALAT1 expression
in isolated primary hip OA and knee OA osteoblasts (n¼4) revealed that
MALAT1 expression was rapidly but transiently induced in response to
24 h stimulation with IL-1b (1 ng/ml). Compared to osteoblasts transfected with NTC LNA, osteoblasts transfected with the two MALAT1 LNA
exhibited signiﬁcant differential expression (>1.5-fold change, p-value
0.05) of 155 transcripts. These 155 transcripts included: 27 long
intergenic non-coding RNAs (LincRNAs) of which 8 represented novel
transcripts, 9 antisense, 8 sense, 2 miscellaneous RNAs(miscRNA), and
109 protein-coding genes. Of the most signiﬁcantly differentially
expressed upregulated mRNAs were Enhancer of mRNA decapping 3
(EDC3) (Fold change ¼ 10.2, P ¼ 0.001), pre-mRNA splicing factor (RP9)
(Fold change ¼ 9.5, P ¼ 0.0007), Phosphatidylinositol 4-kinase beta
(PI4KB) (Fold change ¼ 12.3, P ¼ 0.01) and Prostaglandin-endoperoxide
synthase 2 (PTGS2) (Fold change ¼ 10.6, P ¼ 0.0002). The most signiﬁcantly downregulated mRNAs included nonsense mediated mRNA
decay factor (SMG5) (Fold change ¼ -10, P ¼ 0.0003), Pre-mRNA processing factor 8 (PRPF8) (Fold change ¼ -9.9, P ¼ 0.002), Decapping
mRNA 1B (DCP1B) (Fold change ¼ -8.6, P ¼ 0.0006) and Cactin, spliceosome C complex subunit (PYCARD) (Fold change ¼ -11.4, P ¼ 0.02).
Pathway analysis of the differentially expressed genes revealed that the
most signiﬁcant activated pathways were Cell cycle: G1/S checkpoint
regulation (P ¼ 1.41E-06, Z-score 2.668), and Sumoylation pathway (P ¼
3.32E-05, Z-score 2.294), whilst the most signiﬁcant inhibited pathway
was NF-kB signalling (P ¼ 2.23E-03, Z-score -2.667).
Conclusions: MALAT1 is highly expressed in the subchondral bone
tissue of patients with OA irrespective of joint site, and is more highly
expressed in female patients, compared to male patients. The induction
of MALAT1 expression in primary OA osteoblasts in response to IL-1b
stimulation and its signiﬁcant correlation with serum DKK1 (a known
inhibitor of the Wnt/b-catenin signalling pathway), suggests MALAT1
may play an important regulatory role in bone homeostasis under the
inﬂammatory conditions exhibited in OA patients. Future studies to
determine the functional effect of MALAT1 mediated regulation of
EDC3, RP9, PTGS2, PI4KB, SMG5, DCP1B and PYCARD mRNAs in OA
osteoblasts and the relationship to OA bone pathology will provide
further insight into the role of MALAT1 lncRNA in OA bone.
PRESENTATION NUMBER: 368
EXPOSURE OF CHONDROCYTES IN VITRO WITH MICROBIAL DNA
AMPLIFIED FROM HUMAN OSTEOARTHRITIS CARTILAGE INDUCES
WIDESPREAD OA-ASSOCIATED DNA METHYLATION CHANGES
V. Izda 1, C.M. Dunn 2, C. Sturdy 1, J. Martin 1, C. Velasco 2, P.B. Jacob 3,
M.A. Jeffries 1. 1 Oklahoma Med. Res. Foundation, Oklahoma City, OK, USA;
2
Univ. of Oklahoma Health.Sci. Ctr., Oklahoma City, OK, USA; 3 Oklahoma
Joint Reconstruction Inst., Oklahoma City, OK, USA
Purpose: In recent years, strong links between epigenetic changes,
particularly alterations in DNA methylation, have been linked with the
onset and progression of knee osteoarthritis (OA); however, the environmental factors driving epigenetic changes within articular tissues
have not yet been fully elucidated. We have previously demonstrated
that the microbial DNA signatures exist within human cartilage, and
that changes in microbial signatures correlate with primary knee OA
progression. In this study, we hypothesized that alterations in microbial
DNA may induce epigenetic changes within articular cartilage. To test
this, we exposed chondrocyte cell lines in vitro to ampliﬁed microbial
DNA from human OA patients and controls.
Methods: Matched discarded cartilage samples from macroscopically
eroded (n¼4) and intact (n¼4) OA specimens were obtained from
patients undergoing total knee arthroplasty. Control cartilage samples
were obtained from cadaveric control patients without a history of
arthritis via the National Disease Research Interchange (NDRI). Cartilage
was ﬂash-frozen in nitrogen, cryogenically ground, and DNA was isolated and pooled within the sample groups. Microbial DNA was isolated
from human DNA using an anti-MBD2 magnetic bead approach and
microbial DNA subjected to whole-genome ampliﬁcation. Residual LPS
was removed from all samples using LPS cleanup columns, and an
absence of LPS was conﬁrmed via ELISA assays in ampliﬁed DNA. Tc28a2
human chondrocyte cells were distributed in a 24-well plate (8 wells
per group), and 20mg of ampliﬁed microbial DNA was added to each
well. After a 3-day incubation period, DNA was extracted, treated with
sodium bisulﬁte, and loaded onto Illumina Inﬁnium Methylation EPIC
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chips which quantify genome-wide DNA methylation at >850,000 CpG
sites across the genome. DNA methylation beta values were extracted
from raw chip imaging and processed in R using the ChAMP package.
CpG sites within known SNPs and those on sex chromosomes were
excluded from the analysis. CpG sites were considered signiﬁcantly
differentially methylated if FDR-corrected (Benjamini-Hochberg) group
p0.01 with absolute DNA methylation difference between groups
(delta-beta) 10% criteria were met. Genes associated with differentially methylated CpG sites were evaluated ontologically using the
Ingenuity Pathway Analysis (IPA) software package.
Results: Microbial DNA treatment induced substantial changes in DNA
methylation levels. Comparing eroded-OA microbial DNA-treated cells
with control microbial DNA-treated cells, we found 1638 differentially
methylated CpG sites (DMPs), 1637 hypomethylated in the eroded
group, corresponding to 1109 unique genes. No DNA methylation differences were induced when comparing non-OA with intact-OA
microbial DNA-treated cells. However, substantial differences were
seen in the eroded-OA analyses. Comparing eroded-OA to intact-OA, we
identiﬁed 1275 DMPs, 1274 hypomethylated in the eroded group, corresponding to 881 unique genes. Roughly one-half (630) of DMPs were
shared among these two groups, corresponding to 464 unique genes.
Ontology analysis of differentially methylated genes associated with
eroded-OA vs. control microbial DNA treatment revealed numerous OArelated pathways and upstream regulators (Figure 1). These include
axonal guidance signaling, Rho family GTPases, ERK/MAPK signaling,
stem cell pluripotency, and ErbB signaling, among others. Upstream
analysis included enrichment in ERG, miR-137 (which regulates
ADAMTS5), miR-21 (which targets Gdf5), miR-16 (which targets
Smad3), among others. Of note, the only hypermethylated gene we
identiﬁed with eroded-OA microbial DNA treatment was KLF3, a cartilage repair, and proliferation factor.
Conclusions: Herein, we demonstrate that exposure of human chondrocytes in vitro to microbial DNA is sufﬁcient to induce widespread
epigenetic changes. OA-related epigenetic modiﬁcations are identiﬁed
when cells are treated with microbial DNA extracted from eroded-OA
human cartilage samples. These data represent a novel potential
mechanism of microbiome-epigenome interaction in the development
of OA. Future work should focus on testing whether these ﬁndings are
replicable in vivo and explore the mechanism(s) through which this
epigenetic alteration is induced.
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PRESENTATION NUMBER: 369
MUTATIONS IN THE MECHANOSENSORY GENE PIEZO1 ARE
ASSOCIATED WITH FAMILIAL FINGER INTERPHALANGEAL JOINT
OSTEOARTHRITIS
C. Gavile, K. Hoshijima, K. Novak, N. Kazmers, M. Jurynec. Univ. of Uath,
Salt Lake City, UT, USA
Purpose: Osteoarthritis (OA) is a common debilitating disease of cartilage degradation for which there is no known cure. We lack a comprehensive understanding of the pathways that can be altered to cause OA.
To gain further understanding of the OA disease processes, our goal is to
ﬁnd common pathways and genes that are associated with and have a
strong effect on OA. To do this we identify rare gene variants that are
associated with familial OA. We use the Utah Population Database
(UPDB), a large statewide medical genetics resource, to identify families
that have a signiﬁcant enrichment of OA. We have analyzed the exomes
of over 50 families with severe or early-onset OA, focusing on foot, hand,
and shoulder OA. Identifying variants in OA families allows us to test the
biological signiﬁcance of these genes and their roles in the mechanisms
of OA initiation and progression. Using different animal models, we can
also investigate which tissues and cells these genes are functioning in to
further understand how they contribute to OA pathogenesis. Importantly, data on these potentially OA-causative genes could aid in
designing new, targeted therapeutic interventions for OA.
Methods: The UPDB allows us to link medical records to large multigenerational pedigrees. We ﬁrst use medical coding to identify individuals diagnosed with OA in Utah. Affected individuals were mapped
to pedigrees, and then we identiﬁed families that have a signiﬁcant
enrichment of OA compared to the rest of the population. We recruited
both affected and unaffected family members and performed wholeexome sequencing to ﬁnd genes associated with severe or early-onset
OA. We focused speciﬁcally on variants that lead to nonsynonymous
changes that could alter protein function.
Whole exome sequencing identiﬁes candidate variants that are predicted to be damaging. Our goal is to quickly identify OA gene variants
that disrupt WT gene function. We do this in several ways. First, we use
zebraﬁsh and Crispr/Cas9 technology to generate mutant lines in which
the ortholog of the potential OA-pathogenic gene of interest is knocked
out. We then study the effects of gene loss on zebraﬁsh development
and morphology. To determine if there is a role for the gene in OA, we
study the effects of gene loss using an injury-induced OA model in
zebraﬁsh. When we observe an effect in zebraﬁsh, we generate transgenic mice wherein the gene of interest has been mutated to code for
disease variant, and compare the effects of ACL rupture on the mutant
versus wildtype mice, to determine effects on OA pathogenesis in
mouse models.
In addition, we use cell culture models to study the biochemical pathways affected by the disease allele variants. The variants we have discovered are involved in pathways for which there are known agonists
and inhibitors, and we are using these reagents to further understand
the contribution of the disease variants to cell signaling and physiology.
Using cell culture, we can generate cell lines that express either wildtype or the OA-associated variants gene of interest. We can then use
these cell lines to assess how the mutated protein functions compared
to wildtype using appropriate in vitro assays such as electrophysiology
and pathway reporter assays.
Results: We found independent PIEZO1 gene variants in 2 unrelated
families with ﬁnger interphalangeal joint OA. PIEZO1 encodes a
mechanosensitive ion channel that is expressed in chondrocytes and
may have a role in cartilage homeostasis. We hypothesized that loss of
piezo1 may affect early skeletal and cartilage development. To test this,
we generated knockout zebraﬁsh by deleting the 5’ UTR and ﬁrst 5
exons of piezo1 using Crispr/cas9 technology. However, we found no
difference in zebraﬁsh homozygous for the piezo1 deletion compared to
wildtype at juvenile stages with respect to skeletal morphology or
hematopoietic physiology. We are currently testing the effect of loss of
piezo1 in injury-induced OA model on adult zebraﬁsh, and determining
if genetic compensation is occurring in piezo1 mutants. The OA-associated PIEZO1 variants we identiﬁed are located in separate domains of
the protein, indicating that alteration to PIEZO1 function could be
impactful to OA pathogenesis. Previous reports indicate that mechanotransduction through PIEZO1 plays roles both in bone formation and
in sensing of mechanical stress in cartilage. To determine if these coding
variants affect the downstream signals emanating from this mechanosensitive channel, we are currently generating plasmid constructs that
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contain either wildtype or the 2 PIEZO1 variants. These constructs will
be transfected into 293 cells, and this cell culture system will enable us
to use electrophysiology assays to test what effect the disease variants
have on PIEZO1 biochemical signaling.PIEZO1 is highly conserved across
species and data indicate that it may function in normal chondrocyte
physiology. To determine if PIEZO1 has a function in chondrocytes, we
generated PIEZO1-ﬂoxed-Aggrecan-cre mice, wherein PIEZO1 will be
speciﬁcally deleted in cartilage upon induction with tamoxifen. This
will allow us to deﬁne the function of PIEZO1 in cartilage more clearly.
Using these mice, we are testing the function of PIEZO1 in cartilage in
both injury-induced OA (using the ACL-rupture mouse model), as well
as ageing-induced OA.
Conclusions: Our discovery of the PIEZO1 variants in 2 distinct families
with enrichment in ﬁnger interphalangeal joint OA indicates that
mechanotransduction thru this channel may be an important pathway
for cartilage function and maintenance. By generating speciﬁc biological
tools, we can test the role of PIEZO1 and deﬁne how its aberrant function could contribute to OA initiation and progression. These data will
enable us to determine whether targeting PIEZO1 function would be a
viable therapeutic intervention for OA patients.

Conclusions: To our knowledge, we are the ﬁrst to identify at the
genome wide scale genes that are involved in the response to
mechanical stress in an ex vivo human osteochondral explant model. As
the osteochondral explants were isolated from intact cartilage of
patients undergoing joint replacement surgery, our results faithfully
represent detrimental consequences of mechanical stress in aged
articular cartilage with MMP13 and cellular senescence as most notable
results. Acquired knowledge of our study forms a novel stepping stone
for biological and mechanical therapeutic avenues to the prevention
and treatment of OA.

PRESENTATION NUMBER: 370
IDENTIFYING DIFFERENTIAL GENE EXPRESSION INDUCED BY
MECHANICAL STRESS IN CARTILAGE OF HUMAN EXPLANTS USING
RNA-SEQUENCING
E. Houtman, M. Tuerlings, J. Riechelman, E. Suchiman, R.G. Nelissen,
Y.F. Ramos, R. Coutinho de Almeida, I. Meulenbelt. Leiden Univ. Med.
Ctr., Leiden, Netherlands
Purpose: To characterize, at the molecular level, the effect of mechanical stress on human aged cartilage. Hereto we used a human preclinical model of human ex vivo osteochondral explants in which
damage to cartilage is induced by applying high mechanical strains.
Methods: Osteochondral explants were collected from 9 human knees
from patients undergoing a joint replacement surgery in the RAAK
study. We induced detrimental processes to these explants by applying
mechanical stress (MACH-1; Biomomentum) at a strain of 65%, during
four subsequent days and 10 minutes per day (N¼9; n¼28 (14/group)).
Tissues were harvest four days after perturbation. RNA was isolated and
genome wide gene expression was determined using RNA-sequencing
after quality control. To identify enrichment for pathways and protein
interactions, differentially expressed genes were analysed with EnrichR
and STRING. For determination of the more exclusive mechanical stress
responsive genes, overlap with previously identiﬁed differentially
expressed genes between preserved and lesioned OA cartilage (N¼35
pairs) was determined.
Results: We identiﬁed 156 genes to be signiﬁcantly differentially
expressed between 65% mechanically stressed (65% MS) cartilage versus unstressed controls with absolute fold changes ranging from 1.1 to
6.0 (Figure 1). Among the 156 genes, 46 (29%) were upregulated and 110
(71%) were downregulated. The most signiﬁcantly downregulated gene
was IGFBP6 (FC¼0.19; FDR¼3.07x10-4). The highest upregulated gene
was IGFBP5 (FC¼6.0; FDR¼7.81x10-3), with MMP13 as runner-up
(FC¼5.2; FDR¼4.8x10-2) and TNC (FC¼2.8; FDR¼8.5x10-3) as notable OA
risk gene. Among our differentially expressed genes, a high proteinprotein interaction was identiﬁed, with 116 of the 156 genes being
connected (P-value¼1.44x10-15). In addition, we identiﬁed a cluster of
genes related to insulin-like growth factor (IGF) signalling (Figure 2).
Pathway enrichment further highlighted additional pathways such as
cellular senescence (hsa04218, P-adjusted¼0.012, 8 genes) and focal
adhesion (GO:0005925; P-adjusted¼0.012, 11 genes). To investigate
which genes were speciﬁc for the response to mechanical stress, we
next selected for exclusive genes i.e. those that are not generally present
in previously published differentially expressed genes with OA pathophysiology. This resulted in the identiﬁcation of 92 out of 156 exclusive
mechanical stress responsive genes in aged human explant cartilage.
Upon applying pathway analysis, enrichment was found for focal
adhesion (GO:0005925, P-adjusted¼0.02, 9 genes) and kinase inhibitor
activity (GO:0019210, P-adjusted¼0.01, 5 genes).

Figure 1 Volcano plot of differentially expressed genes in

mechanically stressed osteochondral explant cartilage versus
controls. Dots in the Figure represent genes expressed in cartilage.
Red dots represent signiﬁcantly DE genes that have an absolute
Log2FC of 1, Blue dots represent signiﬁcantly DE genes, green dots
represent genes that have an absolute Log2FC of 1 but are not
signiﬁcantly DE and grey dots represent genes not DE expressed
between unstressed and mechanically stressed cartilage.

Figure 2 Protein-protein interactions showed a cluster of genes

involved in IGF signaling in STRING. Among the 156 differentially
expresed genes we ﬁnd a cluster of several genes in STRING that are
involved in the same process.
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PRESENTATION NUMBER: 371
MICRORNA-324 REGULATES BONE REMODELLING AND CARTILAGE
MAINTENANCE
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tibiae of young and aged miR-324-null mice, although the number of
trabeculae was only signiﬁcantly changed in the younger samples
(Figure 2).

D.J. Hayman 1, M.J. Barter 1, R.J. Van 'T Hof 2, D.A. Young 1. 1 Newcastle
Univ., Newcastle upon Tyne, United Kingdom; 2 Univ. of Liverpool,
Liverpool, United Kingdom
Purpose: Osteoarthritis is the most common musculoskeletal condition
in the elderly population of the UK and is characterised primarily by the
degradation of articular cartilage and remodelling of subchondral bone.
microRNAs, short noncoding RNA molecules that act to downregulate a
speciﬁc set of messenger RNA targets, are an important component of
molecular networks involved in the musculoskeletal system and
therefore also in the onset of osteoarthritis. miR-324 is a microRNA that
is signiﬁcantly upregulated in human osteoarthritic cartilage samples
relative to neck of femur fracture controls and as such we hypothesised
that it would play a role in disease. Our group has produced the ﬁrst
global miR-324-null mouse model in order to thoroughly investigate
the relationship between miR-324 and osteoarthritis in vivo.
Methods: Two cohorts of male wild-type and miR-324-null mice (aged
5 and 14 months) were sacriﬁced, from which the right hind legs were
harvested for micro-computed tomography analysis and the left hind
legs were taken to analyse joint histopathology. The young animals
were assessed for cartilage damage following destabilisation of the
medial meniscus surgery, whereas the older cohort were assessed for
spontaneous, age-related damage. Safranin-O Fast Green staining followed by OARSI histopathological scoring was used to compare cartilage degradation between wild-type and miR-324-null mice at each
time point. For micro-computed tomography, tibial trabecular bone was
scanned in both young and aged animals in order to assess trabecular
number and thickness. The TargetScan algorithm was used to predict a
number of targets of miR-324, and 3’UTR-luciferase assays were used to
investigate the effect of miR-324 on wild-type and mutant constructs in
the C3H10T1/2 murine cell line. RAW264.7 cells were stimulated with
50ng/ml RANK ligand to investigate the expression of validated targets
in relation to osteoclastogenesis.
Results: OARSI histopathological scoring revealed a mild increase in
cartilage degradation in the miR-324-null mice relative to wild-type
controls, at both 5 and 14 months (Figure 1).

Additionally, micro-computed tomography revealed that the thickness
of subchondral trabecular bone was signiﬁcantly increased both in the

In order to elucidate the targets downstream of miR-324 that were
resulting in cartilage and bone phenotypes, target prediction analysis
was undertaken using the TargetScan algorithm. One of the most highly
predicted targets of miR-324-5p, Cd300lf, is associated with osteoclastogenesis inhibition in the literature, and therefore may contribute to
the thickened bone phenotype identiﬁed in miR-324-null mice. Using a
3’UTR luciferase assay, we showed that Cd300lf is a direct target of miR324-5p and mutation of 2 nucleotides in the predicted binding site
prevents this miR-324-5p-mediated repression (Figure 3a). Furthermore, Cd300lf expression is repressed by addition of RANK ligand in
an in vitro model of osteoclastogenesis, relating this miR-324-Cd300lf
interaction directly to bone remodelling (Figure 3b).

Conclusions: The bone and cartilage phenotypes in miR-324-null mice
conﬁrm that this microRNA is important in musculoskeletal biology,
and the dramatic increase in trabecular thickness in both young and
aged miR-324-null mice suggests that miR-324 may play an important
role in bone remodelling. The differential expression of Cd300lf upon
osteoclastogenesis combined with the validation of it as a novel direct
miR-324-5p target suggests a route through which these phenotypes
could develop.
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PRESENTATION NUMBER: 372
RNA-SEQ ANALYSIS OF HAND OSTEOARTHRITIS CARTILAGE REVEALS
A RECIPROCAL REGULATION BETWEEN RETINOIC ACID AND
MARKERS OF CELL SENESCENCE, IDENTIFYING TALAROZOLE AS A
NOVEL TARGETING STRATEGY IN HAND OSTEOARTHRITIS
L. Zhu 1, L. Koneva 1, M. Attar 1, D. Furniss 2, S. Sansom 1, T.L. Vincent 1.
1
Kennedy Inst. of Rheumatology, Univ. of Oxford, Oxford, United
Kingdom; 2 Nufﬁeld Dept. of Orthopaedics Rheumatology and
Musculoskeletal Sci., Botnar Res. Ctr., Univ. of Oxford, United Kingdom.,
Oxford, United Kingdom
Purpose: Hand is the most prevalent site affected by OA. Hypomorphic
variants in ALDH1A2, the gene that encodes the key enzyme in the
synthesis of all-trans retinoic acid (atRA), have been associated with
severe hand OA. atRA appears to be key in the articular cartilage injury
response; dropping rapidly upon cartilage injury and being able to
suppress mechanically induced inﬂammatory genes (OARSI abstract
2018). In this study, we performed an RNA-seq analysis to identify
pathways regulated in hand OA that are inﬂuenced by endogenous
(genetically determined) levels of atRA, by stratifying patient samples
into those that did or did not carry the ALDH1A2 polymorphic variants.
Methods: Trapezium articular cartilage was collected with written
informed consent from 34 patients with base of thumb OA undergoing
routine trapeziectomy. Genomic DNA was extracted from the trapezium
bone for the genotyping of SNPs rs4238326 and rs3204689. RNA was
extracted from cartilage. Only samples that were homozygous for the
wild type (WT) variant at the identiﬁed loci or homozygous (HO) for the
risk loci were analyzed (WT n¼8, HO n¼12). One sample was excluded
from analysis after failing quality control. Differential expression analysis was conducted with R-project and the Bioconductor package
DESeq2. Spearman correlation analysis was performed to correlate
expression of genes with ALDH1A2 expression level. Gene Set Enrichment Analysis (by Hallmarks) and Ingenuity Pathway Analysis (IPA)
approaches were used to analyze the differential-expression data
between WT and HO. RT-PCR was used to conﬁrm regulation of select
genes.Cartilage injury was performed by explanting cartilage from the
porcine metacarpophalangeal joint surface. Phosphorylation of H2AX, a
marker of cellular DNA damage, was tested by immunoﬂuorescence
staining of cartilage explants at 0 and 48 h after injury. Some porcine
trotters were injected with talarozole, a known atRA metabolism
blocking agent, one hour prior to injury. The expression of selected
genes identiﬁed in the RNA-seq analysis was tested by RT-PCR in the
cartilage injury samples in the presence or absence of talarozole.
Results: We identiﬁed 199 genes that correlated with the expression of
ALDH1A2 levels in hand OA cartilage by RNA-seq analysis. Hallmark
pathway analysis identiﬁed several pathways involved in cell senescence, such as those involving p53, G2M checkpoint, interferon g
response, and DNA repair (padj < 0.05). IPA identiﬁed the canonical
pathways including bladder cancer signaling, retinoate biosynthesis I,
HIF1 signaling, complement system, and IL-8 signaling. When the
samples were stratiﬁed by genotype, reduced levels of ALDH1A2 mRNA
and increased levels of p21 (a potent cyclin-dependent kinase inhibitor),
KRAS and MYC were detected in patients with hypomorphic variants of
ALDH1A2 by RT-PCR (Wilcoxon test, p < 0.05). Cartilage injury led to
rapid down-regulation of ALDH1A2 and increased levels of senescence
marker genes including p21, VEGF and IL8 by 4h. The increase of senescence marker genes post cartilage injury was suppressed by talarozole. The H2AX omega-4 serine is phosphorylated (g-H2AX) in
response to genotoxic stress and upon DNA double-strand break formation. We observed the expression of g-H2AX in injured cartilage 48 h
after injury.
Conclusions: Our data identify pathways associated with cell senescence in hand OA cartilage of those individuals with genetic variants
that reduce cellular atRA levels. Mechanical injury also drives the senescent phenotype which can be reversed using talarozole, a drug that
maintains atRA levels, prior to injury. These results indicate that retinoic
acid regulation plays an important role in suppressing senescence in
cartilage and provides a potential novel therapeutic strategy to treat
hand OA.
PRESENTATION NUMBER: 373
LARGE-SCALE TRANSCRIPTOMIC ANALYSIS REVEALS NEW MARKERS
OF OSTEOARTHRITIS PROGRESSION
G. Katsoula 1, J. Steinberg 1, 2, M. Tuerlings 3, R. Coutinho de Almeida 3,
L. Southam 1, D. Swift 4, I. Meulenbelt 3, J. Wilkinson 4, E. Zeggini 1. 1 Inst.

of Translational Genomics, Helmholtz Zentrum München e German Res.
Ctr. for Environmental Health., Neuherberg, Germany; 2 Cancer Res. Div.,
Cancer Council NSW, Sydney, Australia; 3 Dept. of BioMed. Data Sci.,
Section Molecular Epidemiology, Leiden Univ. Med. Ctr., Leiden,
Netherlands; 4 Dept. of Oncology and Metabolism, Univ. of Shefﬁeld,
Shefﬁeld, United Kingdom
Purpose: Osteoarthritis is a degenerative joint disease with huge public
health burden and no curative therapy. There is a clear and urgent need
to translate insights from genomics into a better understanding of
disease mechanisms. Here, we aim to molecularly phenotype joint tissue from 200 patients undergoing total knee replacement to identify
important players in the pathophysiology of osteoarthritis.
Methods: We generated RNA sequencing data from patient knee tissues
(primary chondrocytes from low-grade and high-grade cartilage) and
genotype data from peripheral blood. We: (1) investigate differences in
gene expression between low and high-grade cartilage (2) examine
differences in transcript usage and local splicing phenomena in osteoarthritis for the ﬁrst time (3) build a four-gene classiﬁer to distinguish
between high and low-grade cartilage tissue.
Results: Differential gene expression analysis (DGE) identiﬁed 4,512
and 4,365 signiﬁcantly upregulated and downregulated genes in highgrade cartilage samples, respectively, at 5% false discovery rate (FDR).
Strong upregulation and downregulation were observed for genes
previously associated with osteoarthritis pathology including SPP1,
NRP3, CRLF1 (fold change > 2) and CHRDL2, MATN4 (fold change < -2).
Among differentially expressed genes, we detect novel markers of
osteoarthritis progression including TMEM59L and PMCH. Exploring the
enrichment of DEGs among pathways and regulatory elements, we
detected terms related to extracellular matrix, metabolism and spliceosome formation. We therefore investigated differential transcript
usage and identiﬁed 13 genes, including AIBP3 and PRDX1 among the
strongest signals. To gain insight into the mechanism behind the usage
of different isoforms, we explored local splicing phenomena. and
detected 197 genes showing differential splicing at 5% FDR including
AIBP3 and PRDX1. Finally, we built a 4 gene classiﬁer including CRLF1,
SPP1, HTRA1 and DNER that can accurately distinguish between lowand high-grade cartilage tissue, and validated our model in an independent dataset.
Conclusions: We have identiﬁed large-scale transcriptional signatures
of disease grade in key tissues of the knee joint in the largest DGE
analysis in cartilage to date. The identiﬁed differentially expressed
genes enhance our understanding of the mechanisms underpinning
osteoarthritis progression. We identiﬁed gene isoform alterations and
novel splicing phenomena affecting osteoarthtis progression for the
ﬁrst time. The signiﬁcantly impacted pathways identiﬁed in high-grade
cartilage serve as potential target candidates for development of novel
therapeutics.
PRESENTATION NUMBER: 374
OSTEOARTHRITIS-ASSOCIATED DNA METHYLATION CHANGES IN
ENHANCER REGIONS IN RELATION TO CHONDROGENIC GENE
EXPRESSION
M.J. Burgers 1, K. Cheung 2, D.A. Young 1, L.N. Reynard 1. 1 Skeletal Res.
Group, Newcastle Univ. BioSci. Inst., Newcastle upon Tyne, United
Kingdom; 2 Bioinformatics Support Unit, Faculty of Med. Sci., Newcastle
Univ., Newcastle upon Tyne, United Kingdom
Purpose: Aberrant DNA methylation has been associated with pathogenesis of multiple diseases, including osteoarthritis (OA), where differently methylated loci have been reported to be involved in
degradation of extracellular matrix and cartilage homeostasis pathways. A genome-wide DNA methylation meta-analysis performed in
our laboratory identiﬁed OA-associated DNA methylation changes,
which were depleted in gene promoters and highly enriched in putative
transcriptional enhancer regions. Enhancers are short regulatory elements that regulate gene expression spatiotemporally, they can be
located up- or downstream of the target gene(s), and do not necessarily
act on its closest promoter. The identiﬁed OA-associated DNA methylation changes in enhancers are likely affecting gene expression regulation, and we therefore aimed to investigate these changes in order to
gain insight in gene expression regulation and disease progression.
Methods: Fourteen regions with OA-associated DNA methylation
changes and an active enhancer signature based on histone marks and
open chromatin were selected. DNA methylation of the selected sites
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was measured by bisulphite pyrosequencing in an independent cohort.
The chondrosarcoma cell line SW1353 was used to study the effect of
DNA methylation in vitro. Enhancer activity and the effect of in vitro
DNA methylation of these regions in SW1353 cells was assessed by
luciferase assays, in which the enhancer was cloned in the CpG-free
pCpGL-EF1 vector. Furthermore, selected enhancer regions were studied in SW1353 by use of genetic and epigenetic CRISPR systems and
expression of predicted associated genes were assessed by RT-qPCR.
SW1353 cells were also treated with the genome-wide DNA demethylation agent 5-Aza-20 -deoxycytidine (0.25 mM, 72 hours) and changes in
gene expression and chromatin accessibility were assessed by RNA-seq
and ATAC-seq, respectively.
Results: Osteoarthritis-associated DNA methylation changes were
conﬁrmed in an independent cohort by bisulphite pyrosequencing. The
selected enhancer regions exhibited up to 11-fold higher luciferase
activity than control, but enhancer activity was strongly reduced upon
in vitro DNA methylation. Then, the effect of genome-wide DNA
methylation changes on gene expression and chromatin accessibility
was studied. DNA methylation was reduced up to 30% upon 5-Aza
treatment, although the level of this loss was variable between sites.
Altered chromatin accessibility was identiﬁed in 29,401 regions, of
which 73.7% had decreased accessibility. Putative active enhancers
were deﬁned as open chromatin regions >2 kb away from a transcription start site, 22.2% and 7.0% of these putative active enhancers
had reduced and increased accessibility, respectively. A total of 1382
and 1420 genes were signiﬁcantly 1.5-fold up- and downregulated
respectively after 5-Aza treatment. The effect on enhancer deletion and
activation on putative target genes is currently being assessed.
Conclusions: Osteoarthritis-associated DNA methylation changes are
enriched in enhancer regions. Methylation of these regions reduces
enhancer activity and thereby potentially reduces expression of the
associated gene. Furthermore, 5-Aza induced loss of DNA methylation
had opposing effects on both enhancer chromatin accessibility and
putative target gene expression, with the effect of methylation being
context dependent. Further research will investigate chromatin interactions within the SW1353 cells in order to identify enhancer-promoter
interactions and the associated effect of DNA methylation on gene
expression. Understanding how enhancer DNA methylation regulates
chondrogenic gene expression will give more insight in OA progression
and possible treatment.
PRESENTATION NUMBER: 375
EPIGENETIC PROFILING OF ARTICULAR CHONDROCYTES
M. Wuelling 1, C. Neu 1, S. Kitanovski 2, Y. Cao 2, A. Lange 2,
B. Johnstone 3, D. Hoffmann 2, A. Vortkamp 1. 1 Dept. Dev. Biology, Univ.
2
Dept.
Bioinformatics
and
Duisburg-Essen,
Essen,
Germany;
Computational Biophysics, Univ. Duisburg-Essen, Essen, Germany; 3 Dept.
of Orthopaedics and Rehabilitation, Oregon Health.& Sci. Univ., Portand,
OR, USA
Purpose: Osteoarthrosis, the degeneration of the articular cartilage, is a
severe health problem of the aging population, but the mechanisms
regulating the differentiation of embryonic chondrocytes into mature
articular cartilage of the synovial joints are still not sufﬁciently understood. Several lines of evidence indicate that the differentiation of
embryonic into permanent articular cartilage is guided by epigenetic
reprogramming. Additionally, recent data provide evidence that
changes in enhancer accessibility are linked to osteoarthrosis progression. Nevertheless, a systematic analysis of the epigenetic proﬁle of
the articular chondrocytes is still lacking.
Methods: The distribution of activating and repressive histone marks of
chondrocytes dissected from femoral heads of early postnatal mice was
established by ChIPseq and compared to that of proliferating and
hypertrophic chondrocytes. Chromatin states, representing combinations of different histone marks at the same genomic location, were
deﬁned using ChromHMM. In parallel, gene expression was assessed by
RNAseq and integrated with the epigenetic information using Pareto
optimization.
Results: Computational comparisons of RNAseq and ChIPseq data
identiﬁed similar numbers of expressed genes and genes carrying
activating histone marks in all chondrocyte populations. In contrast, we
detected a speciﬁc enrichment of the repressive mark H3K27me3 in
articular and hypertrophic chondrocytes, with different sets of genes
becoming repressed in either hypertrophic or articular cartilage. These
ﬁndings revealed a common mechanism by which genes are turned off
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during differentiation along different lineages. In the next step, we
analyzed the number and location of enhancer elements, marked by
H3K27ac. Distal enhancers were enriched at lineage speciﬁc genes in
proliferating and articular chondrocytes and at genes that regulate
metabolic pathways and angiogenesis in hypertrophic chondrocytes.
Interestingly, many genes relevant for articular chondrocyte differentiation already carried H3K27ac at enhancers in proliferating chondrocytes, although gene expression was low. With increased expression,
the number of H3K27ac peaks was increased in articular chondrocytes.
To translate this data to human, we compared the epigenetic proﬁle of
murine articular chondrocytes to human articular chondrocytes from
healthy donors and found a highly similar epigenetic pattern at conserved sites. This conservation not only applied to active enhancer
marks, but also to the repressive histone marks, which were associated
with a similar set of genes in both species.
Conclusions: With this data, we provide new insight into the mechanisms guiding the differentiation of embryonic chondrocytes into different chondrocyte subtypes, terminal hypertrophic and permanent
articular chondrocytes. Both differentiation paths appear to be regulated by selective epigenetic repression.
PRESENTATION NUMBER: 376
EPIGENETIC CHANGES IN AGEING HUMAN TENDON TISSUE
K. Riasat 1, S.J. Cockell 2, D.C. Green 1, L.I. Pease 2, M.J. Peffers 1. 1 Institite
of Lifecourse and Med. Sci., Liverpool, United Kingdom; 2 Faculty of Med.
Sci., Newcastle, United Kingdom
Purpose: Ageing is a major risk factor attributed to many musculoskeletal pathologies. Tendon tissue is of the musculoskeletal tissues,
that displays a hierarchical structure, purpose built for its function. The
ageing process and tendon dysfunction seem to exhibit some correlation, with pathological degradation typically displayed in older aged
individuals, ultimately impacting quality of life. A cell’s phenotype and
functionality is engineered intracellularly through the expression of cell
speciﬁc genes and proteins. Tendon tissue therefore displays characteristic expression patterns of extracellular matrix proteins and genes, a
balance which is altered due to age. The ageing transcriptome and
proteome of tendon tissue, in horses, humans and mice, have been
previously studied to reﬂect this known age associated dysregulation.
Currently, epigenetic mechanisms in tendon tissue have not been
globally explored, to determine what is driving the altered ageing
transcriptome and proteome. Investigation of targeted DNA methylation status of some tendon speciﬁc genes has shown controversial
results, with some studies suggesting a change and others showing no
change in methylation status. More promisingly however, RNA
sequencing previously revealed some small RNA transcripts altered in
ageing tendon. Here we hypothesise ageing affects the tendon epigenome, which then manifests into the known age-related phenotype
of tendon. We have explored the epigenome by investigating the global
methylation and small RNA transcriptome of human Achilles tendon
tissue.
Methods:We explored the epigenome of human Achilles tendon tissue
by investigating global DNA methylation using the Illumina 850K EPIC
array (CRF, Edinburgh, UK) and small RNA sequencing on the Illumina
HiSeq 2000 (Centre Genomic Research (CGR), Liverpool, UK). Human
Achilles tendon was collected from young, (n¼4, 20 þ/- 10years) and old
(n¼5, 63 þ/- 14years) human patients, undergoing limb amputation
with no history of tendon disease. Macroscopically normal tendon was
used in this study to observe the changes in age speciﬁcally. Samples
were pulverised using the dismembranator, DNA and small RNA was
extracted from the tissue using standard Qiagen blood and tissue DNA
extraction and miRscript kits respectively. Differential DNA methylation
(DM) in young and old samples was determined in R using packages
Limma. After ribosomal RNA depletion, samples were subject to RNASeq library preparation and sequencing. Paired-end reads were generated of size 12-200bp. Differential expression (DE) of small RNAs were
then carried out in R using DESEQ2. DE microRNAs were paired to DE
ageing mRNA from our previous ageing transcriptomic study, using
TargetScan within Ingenuity Pathway Analysis (IPA) (Qiagen). Data was
then interrogated for molecular and cellular pathway changes and
disease processes.
Results: DNA methylation identiﬁed 11 age-related CpGs, False discovery rate (FDR) <0.05 as well as DE of the small non-coding RNAs (71
transcripts FDR < 0.1). The relative abundance of small non-coding
RNAs consisted of snoRNA (24%), miRNA (12%), pseudogene (11%) and
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novel transcripts (10%). IPA core analysis of 63 DE microRNAs (revealed
signiﬁcant pathways affected; cell proliferation (p¼0.0002), apoptosis
(p¼0.006), migration, cell death, cell viability (all p¼0.01). Activation Z
scores predicted that in ageing there was an increase in apoptosis, but
reduction in cell proliferation, migration, and viability. Furthermore
DNA damage was predicted to be increased (p¼0.03). Alterations in
ﬁbrosis (p¼0.001) and inﬂammation (p¼5.9E-07) were also found.
When we paired signiﬁcantly DE microRNAs to DE mRNA dataset (325
transcripts, FDR <0.05), IPA identiﬁed pathways related to these signiﬁcantly DE transcripts related to; Wnt/-catenin Signaling (p ¼ 3.10E03), Transcriptional regulatory network in embryonic stem cells (p ¼
3.58E-3), of which the top regulator effect network was related to TP63
known to have a role in differentiation of epithelial tissue.
Conclusions: The differentially methylated genes following DNA
methylation were related to transcription factors and cell cycle speciﬁc
genes such as KIF15, RBAK, FHL2, CLN8 all displaying increased
methylation in the older samples. Interestingly, decreased methylation
was observed in USP10 (related to DNA damage and repair) and PCDHA
(cell adhesion). Hypermethylation has been regarded as a silencing
mechanism for gene expression and hypomethylation implicated in
increased expression. Altered transcription is heavily dependent on the
translational machinery, and could, in part explain the mechanism
behind previously identiﬁed changes in mRNA expression. This taken
together with altered methylated status (hypermethylated) of those
transcription factor genes that play a role in cellular pathways, corroborates previous ﬁndings in literature; supporting the notion that
ageing affects cellular function and maintenance. This theory was
further supported through the identiﬁcation of the pathways (IPA
analysis) the miRNAs; miR-9 (þ2.0 LFC in old group, targets transcriptional regulators), miR-133a (þ2.3 LFC in old group, targets transcription of DNMT3b), miR-34a (þ1.1 LFC in old group, known role in
apoptosis and senescence). When the ageing miRNA data was coupled
with the ageing mRNA data, we saw cell cycle regulation and gene
expression and translation to be of the pathways implicated within this
study.Taken together this could suggest transcriptionally regulated
mechanisms in human tendon are altered in ageing, which could be
predispose this tissue to dysfunction. By answering how the tendon
ages, we can begin to unravel the complex nature of tendon pathology,
with the hope of identifying biomarkers or novel therapeutic aids to
prevent further decline.
PRESENTATION NUMBER: 377
FHL2
PROMOTER
DNA
METHYLATION
INCREASES
WITH
CHRONOLOGICAL AGE IN JOINT TISSUES AND IMPACTS TARGET
GENE EXPRESSION
R.C. Fulea 1, L. Reynard 1, D. Young 1, G. Bou-Gharios 2. 1 Newcastle Univ.,
Newcastle upon Tyne, United Kingdom; 2 Univ. of Liverpool, Liverpool,
United Kingdom
Purpose: Ageing is as a natural time-dependent process which affects
living organisms. The process is represented by a decrease in function
and an increase in the predisposition to disease development and
mortality. Nine hallmarks of ageing have been deﬁned in multicellular
organisms including epigenetic alterations, disrupted cellular homeostasis and increased cellular senescence. DNA methylation is an epigenetic mechanism of transcriptional gene regulation, that in humans
mainly occurs at cytosine-guanine dinucleotides called a CpG. Genomewide DNA methylation analysis of 179 cartilage samples revealed 716
CpG sites that show age-related changes, termed age-CpGs, the majority
of which are located in gene promoters. Three cartilage age-CpGs that
are hypermethylated with age map to the promoter of the Four and a
half LIM domains gene FHL2. These sites have also been reported as ageCpGs in several other tissues including whole blood, brain, bone, skeletal muscle, pancreas, liver and epidermis. However, the effect of agerelated increased promoter methylation on FHL2 gene expression is
unknown, although DNA methylation is usually associated with
decreased target expression. FHL2 is a co-activator protein that is widely
expressed and has been implicated in wound healing, inﬂammation,
cellular proliferation and apoptosis. The aims of this study were to 1)
conﬁrm age-related FHL2 promoter hypermethylation in cartilage and
other joint tissues, 2) determine the effect of methylation on promoter
activity and FHL2 expression, and 3) examine the role of FHL2 in
chondrocyte cell functionality.
Methods: Knee cartilage, synovium and fat pad from osteoarthritis
patients were acquired from the Newcastle Biobank. DNA methylation

was assessed using bisulphite pyrosequencing and gene expression
through qRT-PCR. The region encompassing the CpGs was cloned in a
pCpGL-basic-CpG free luciferase vector, in vitro methylated by the MsssI
CpG methyltransferase enzyme, and transfected into SW1353 chondrosarcoma cells to analyse the regulatory activity.5-Aza 2’deoxycytidine treatment of SW1353 cells and TC28a2 rib chondrocytes cell
lines was performed to investigate the impact global hypomethylation
has on the expression of FHL2. CRISPR-Cas9 was used to delete the
region encompassing the age-CpGs in SW1353 cells, and the proliferation rate of these cells was assessed using WST-1 assay and haemocytometer cell counting.
Results: Three FHL2 CpGs identiﬁed in the initial study and six new
neighbouring CpGs showed increased DNA methylation with
increasing age in a new cohort of cartilage samples (n¼72, age range
45-90 years, average p<0.001, linear regression analysis). This agerelated hypermethylation was also observed also in synovium and fat
pad tissues (n¼22 each, age range 45-90 years, average p<0.005,
linear regression analysis). qRT-PCR analysis revealed that FHL2
expression signiﬁcantly decreased with age in cartilage (n¼48, age
range 48-87 years, r2¼0.09, p<0.05, linear regression analysis) and
synovium (n¼39, age range 45-87 years, r2¼0.07, p¼0.035, linear
regression analysis) but not in fat pad (n¼39, age range 45-87 years,
r2¼0.000001, p>0.05, linear regression analysis). Using matched
samples, the relationship between FHL2 promoter methylation and
gene expression was studied. DNA methylation negatively correlated
with FHL2 expression in synovium (n¼18, r2¼0.35, p¼0.01, linear
regression analysis), but no correlation between methylation and
expression was observed in cartilage (n¼30, r2¼0.34 p>0.05, linear
regression analysis) or fat pad (n¼19, r2¼0.006, p>0.05, linear
regression analysis) for any CpG. In a luciferase reporter assay, in vitro
methylation decreased the activity of the FHL2 promoter by 3.5x
fold (n¼ four with six technical repeats, p<0.0001 unpaired t-test).
Furthermore, FHL2 expression was signiﬁcantly increased by two-fold
in SW1353 chondrosarcoma (p<0.001, unpaired t-test) and by ﬁvefold in TC28a2 rib chondrocyte cells (p<0.0001, unpaired t-test)
after pharmacological inhibition of DNA methylation using 5-Aza
2’deoxycytidine. In SW1353 cells, CRISPR-Cas9 mediated deletion of
the FHL2 promoter (mean deletion efﬁciency 60%, n¼3) was accompanied by a decrease of ~50% in the expression of FHL2 (p<0.05).
This was associated with a ~70% increase in proliferation rate compared to control cells observed using both the WST-1 proliferation
assay (p<0.05, paired t-test) and direct cell counts (p<0.001, paired
t-test).
Conclusions: The CpGs in the FHL2 promoter region show age-associated DNA methylation changes in cartilage, synovium and fat pad
tissue with FHL2 expression decreasing with age in cartilage and
synovium tissues. Moreover, the DNA methylation changes at the ageCpG sites correlated in matched samples with the reduction of FHL2
expression in the synovium tissue. Luciferase reporter assays and
pharmacological inhibition of DNA methylation indicate that the
activity of the FHL2 promoter is inhibited by DNA methylation. CRISPRCas9 deletion of age-CpG promoter region resulted in a decrease in the
expression of FHL2 which was accompanied by increased cell proliferation. FHL2 is involved in many different signalling pathways and
has been implicated in wound healing, inﬂammation, cellular proliferation, apoptosis and ECM assembly. Age-related changes in promoter DNA methylation and gene expression could explain some of the
changes in chondrocyte phenotype observed with ageing and this is
being explored using knock-down and overexpression studies. Due to
these changes observed in patient samples and models in the cell line,
the expression of FHL2 with the possible cause being the gain in DNA
methylation at its promoter, it is hypothesised that these tissues will
have altered functions that could explain some of the phenotypes
observed due to ageing.
PRESENTATION NUMBER: 378
DEVELOPMENT OF A NEW GENETIC MODEL TO INVESTIGATE THE
ROLE OF THE CHROMATIN MODIFYING ENZYME LSD1 DURING
OSTEOARTHRITIS
S. Moustaghﬁr 1, M. Pasdeloup 1, E. Hay 2, H.-K. Ea 3, M. Cohen-Solal 3,
R. Schüle 4, E. Perrier-Groult 1, F. Mallein-Gerin 1, J.E. Lafont 1. 1 LBTI UMR 5305 (CNRS) and Univ. of Lyon, Lyon, France; 2 Inserm U1132,
e de
Universit
e de Paris, Paris, France; 3 Inserm U1132, and Universit
Paris, Paris, France; 4 Univ. of Freiburg, Freiburg, Germany
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Purpose: Osteoarthritis (OA) is a degenerative pathology of the joint
involving the articular cartilage. During ageing, that tissue becomes
progressively eroded without efﬁcient spontaneous repair. This is the
major chronic joint disease worldwide and a major cause of invalidity
but there is still no curative treatment. The causes remain unclear but
the role of the chondrocytes, where many gene dysregulations occur, is
crucial. There is now growing evidence that epigenetic signaling is a
new level of gene regulation important for the homeostasis of articular
cartilage. The epigenetic factors have emerged as promising targets but
they are only scarcely investigated in the context of OA. We and others
found that the histone demethylase Lysine-Speciﬁc-Demethylase1
(LSD1), a chromatin remodeling enzyme, is up-regulated during OA and
has anti-anabolic effects on human articular chondrocytes, down-regulating a structural protein of the cartilage collagen ﬁbrils (the type IX
collagen). Indeed we recently demonstrated in vitro that LSD1 downregulates the COL9A1 gene in human articular chondrocytes and is able
to mediate some of the inﬂammatory effects of il-1-beta. In order to
investigate the role of LSD1 in vivo during OA, we developed new mice
genetically modiﬁed in which Lsd1 is deleted speciﬁcally in the articular
cartilage.
Methods: In order to timely control the deletion of Lsd1 in mice, we
generated a Tamoxifen-inducible conditional KO (cKO): Col2CreERT
mice were crossed with Lsd1-ﬂoxed mice with a similar C57Bl6 genetic
background. OA was induced in 8 week-old mice after the destabilization of the medial meniscus (obtained by meniscectomy). Histological
sections and mRNA analyses were performed to characterize the model
and evaluate the OA progression 8 weeks after the meniscectomy (with
the contralateral knee being a sham operated). Then the cartilage
integrity (OARSI score) was evaluated and compared in the control
(Lsd1ﬂ/ﬂ) and cKO groups.
Results: We obtained Col2CreERTþ/-; Lsd1ﬂ/ﬂ viable mice in which the
invalidation of Lsd1 was induced with Tamoxifen. The cartilage deletion
of Lsd1 is established by immunohistochemsitry (preliminary results
show that Lsd1 is absent in the articular cartilage of the knee). We are
now performing ISH to conﬁrm these results. The meniscectomy of
control mice (Lsd1ﬂ/ﬂ) was realised and dissection of the tibial plateau of
the knees shows a cartilage erosion with some osteophyte formation
(observed with microCT analysis), thus reproducing the main features
of OA. Immunohistochemistry performed on the operated knee of the
control mice (Lsd1ﬂ/ﬂ) also show that Lsd1 is upregulated, thus conﬁrming Lsd1 is upregulated in mouse as it is in human. The histological
consequences of the absence of Lsd1 (cKO) on the articular cartilage and
molecular changes in the OA-induced model are now under
investigation.
Conclusions: We generated a new mouse line in which Lsd1 can be
timely deleted in the articular chondrocytes. The osteoarthritis was
successfully obtained following destabilisation of the meniscus by
meniscectomy. The consequences of the absence of Lsd1 on cartilage
erosion before or after the induction of OA will now be analysed.
PRESENTATION NUMBER: 379
AN IMPROVED METHOD FOR MICRORNA-SEQUENCING ANALYSIS
IDENTIFIES A SIGNATURE OF CIRCULATING MICRORNAS IN LATESTAGE RADIOGRAPHIC KNEE OSTEOARTHRITIS
S.A. Ali 1, I. Loveless 2, 3, I. Datta 2, 3, P. Potla 4. 1 Bone & Joint Ctr., Henry
Ford Hlth.System, Detroit, MI, USA; 2 Ctr. for Bioinformatics, Henry Ford
Hlth.System, Detroit, MI, USA; 3 Dept. of Publ. Hlth.Sci., Henry Ford
Hlth.System, Detroit, MI, USA; 4 Schroeder Arthritis Inst., Univ.
Hlth.Network, Toronto, ON, Canada
Purpose: While next generation sequencing enables comprehensive,
unbiased, and absolute quantiﬁcation of molecules in a biological
sample, the way in which sequencing studies are designed, executed,
and analyzed can dramatically impact the results. Among the promising
applications of sequencing is biomarker discovery. Since there are
currently no validated biomarkers for osteoarthritis (OA), sequencing
represents a viable strategy for identifying new biomarkers in different
disease stages. In particular, microRNAs (short noncoding RNA
sequences) are excellent biomarker candidates because they are stable,
easy to detect in circulation, and reﬂective of disease activity. Previous
studies have proﬁled circulating microRNAs in OA using real-time PCR
and microarray technologies, with relatively few studies applying
sequencing. Our recent study applied sequencing to proﬁle plasma
microRNAs in 91 individuals with early-stage or late-stage radiographic
knee OA and identiﬁed a signature of 11 microRNAs to be associated
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with early-stage disease. These ﬁndings were obtained through diligent
application of a ﬁve-phase pipeline for microRNA-sequencing, including the patient cohort, sample extraction, library preparation,
sequencing, and data analysis. However, these ﬁndings contrast with
two other recently published studies applying microRNA-sequencing to
proﬁle circulating microRNAs in OA. One study sequenced plasma
extracellular vesicle microRNAs in 46 individuals with and without OA
in Norway and reported no statistically signiﬁcant differences. Another
study sequenced serum microRNAs in 20 individuals with and without
OA in France and identiﬁed 3 microRNAs, none of which were validated
in subsequent real-time PCR experiments. We hypothesize that reanalysis of these microRNA-sequencing data using our ﬁve-phase
pipeline for microRNA-sequencing will identify differences in circulating microRNAs that may be useful for distinguishing late-stage OA from
healthy controls.
Methods: Raw, de-identiﬁed sequencing data in the form of FASTQ ﬁles
from the Norway (Aae et al., 2020) and France (Rousseau et al., 2020)
studies were kindly provided by the original authors. We ﬁrst worked to
apply our ﬁve-phase pipeline for microRNA-sequencing to the Norway
cohort consisting of 46 samples. For phase 1 (patient cohort), we
applied a deﬁnition of late-stage knee OA that included individuals with
radiographic Kellgren-Lawrence grades 3 and 4, representing advanced
stages of disease. The healthy control deﬁnition included individuals
with no symptoms, clinical features, or radiographic evidence of knee
OA. Alterations to phases 2 (sample extraction), 3 (library preparation),
and 4 (sequencing) could not be made since this was secondary analysis
of previously generated sequencing data. Of note, the Qiagen QIAseq
miRNA Library Kit was used to prepare libraries (phase 3) while
incorporating unique molecular indices (UMIs), an important internal
control. Sequencing (phase 4) was performed to an average read depth
of 22 million reads per sample, which exceeds our previous ﬁndings
that a minimum of 10 million reads per sample is required. For phase 5
(data analysis), we began with the raw FASTQ ﬁles, aligning the reads to
miRBase v22 (versus v20 used in the published analysis) and the human
reference genome vGRCh38 (versus vGRCh37 used in the published
analysis). We de-duplicated reads based on UMIs to control for library
ampliﬁcation bias. We then normalized reads by total counts rather
than using traditional normalization approaches such as trimmed mean
of m-values, where some assumptions do not hold for microRNAsequencing data. Finally, we performed differential expression analysis
to identify statistically signiﬁcant differences, and frequency analysis to
identify biologically relevant differences, between late-stage OA and
healthy control groups. In parallel, the raw sequencing data were probed for novel microRNA sequences, predicted using miRDeep v2 based
on secondary structure folding and lack of homology with other species.
Application of our ﬁve-phase pipeline for microRNA-sequencing to the
France cohort is currently underway.
Results: An overview of our ﬁve-phase pipeline for microRNAsequencing is shown in Figure 1. As a critical ﬁrst step, deﬁnition of the
patient cohort (phase 1) was carefully considered to clearly distinguish
different stages of disease. In the Norway cohort, the published analysis
was performed by comparing those with OA (Kellgren-Lawrence grades
0-4) to those without OA (Kellgren-Lawrence grade 0). In the current
analysis, we identiﬁed individuals with late-stage knee OA using a
deﬁnition of Kellgren-Lawrence grades 3 or 4 (N¼11) and excluded
individuals with KL 2 (N¼8), KL 0 (N¼1), and knee arthroplasty surgery
(N¼3). The comparator group, those without OA, remained unchanged
(N¼23). We proceeded with data analysis (phase 5), selecting microRNAs that were present at 10 counts-per-million in more than 2 samples. This contrasts with the published analysis which selected
microRNAs that were present at 12 counts-per-million in at least half
the samples (N¼177). With our approach, we retained a larger number
of microRNAs (N¼368) for differential expression analysis. Using a
multivariate model adjusted for age, sex, and body mass index, we
found 11 microRNAs to be differentially expressed in late-stage knee OA
at a threshold of P<0.05. The adjusted P-value did not reach signiﬁcance
likely due to the groups being underpowered, where a sample size of 25
is recommended to detect differences in microRNA-sequencing data.
Nevertheless, when ﬁltering the microRNAs based on frequency, or the
presence of a given microRNA across samples in one group as compared
to the median expression of that microRNA in the comparator group, we
found 12 microRNAs that were present in >80% of samples in the late
OA group and <45% of samples in the control group. Of greatest interest
are the 5 microRNAs that were found in both the differential expression
analysis (P<0.05) and the frequency analysis (>80% of samples),

S312

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

indicating that these microRNAs may be distinguishing factors between
individuals with late-stage OA and healthy controls. Furthermore, we
identiﬁed novel microRNA sequences that were more frequently found
in the late OA group as compared to the control group.
Conclusions: Here we apply select phases of our ﬁve-phase pipeline for
microRNA-sequencing to identify 5 microRNAs and novel microRNAs in
late-stage knee OA using a dataset that was previously thought to show
no differences. To further establish the utility of this pipeline and the
validity of these ﬁndings, we are currently analyzing independent
sequencing data comparing late-stage OA to healthy controls, from the
France cohort and other larger cohorts. Standardizing the design, execution, and analysis of microRNA-sequencing studies is expected to
support discovery of validated biomarkers for OA.

PRESENTATION NUMBER: 380
INHIBITION
OF
EZH2
SLOWS
THE
PROGRESSION
OF
OSTEOARTHRITIS BY REDUCING INFLAMMATION, CATABOLISM AND
HYPERTROPHY IN CHONDROCYTES, AND IMPROVES MOTOR
FUNCTIONS OF OA MICE
L. Allas 1, J. Aury-Landas 1, Q. Rochoux 1, S. Brochard 1, S. Leclercq 1,
H.-K. Ea 2, E. Maubert 3, M. Cohen-Solal 2, V. Agin 3, K. Boumediene 1,
C. Bauge 1. 1 EA7451 BioConnect, Normandie Univ, Universit
e de Caen,
CAEN, France; 2 UMR-1132 BIOSCAR, INSERM, Universit
e de Paris, PARIS,
France; 3 UMRS1237 PhIND, INSERM, Normandie Univ, Inst. Blood and
Brain @ Caen-Normandie, Universit
e de Caen, CAEN, France
Purpose: Previous studies have shown that epigenetics play a major
role in joint cells and during OA development. For instance, the
expression of Enhancer of Zest Homolog 2 (EZH2), a histone methyltransferase which adds a methyl group (-CH3) on the lysine 27 of the
histone 3 (H3K27), is upregulated in cartilage from OA patients, and its
inhibition reduces chondrocyte hypertrophy, suggesting that EZH2
inhibition may reduce OA progression. However, a recent study showed
that, at contrary, conditional knockout of EZH2 aggravates osteoarthritis
development. Thus, the objective of this study was to determine
whether epigenetic therapy targeting the histone methyltransferase
EZH2 could reduce OA progression. The in vitro role of EZH2 in human
chondrocytes and the in vivo effects of its inhibition on OA progression
(cartilage degradation and functional disability) were investigated.
Methods: In vitro, gain and loss of EZH2 function were performed in
human articular OA chondrocytes stimulated with IL-1b (inﬂammation
model) or TGFb1 (hypertrophy model). The expression of collagen type
X and the Wnt pathway were analyzed to assess hypertrophy. The
expression of NO, PGE2, IL-6, NGF and MMPs was assessed by RT-PCR
and ELISA for evaluate inﬂammation, pain and catabolism. Cultures of
cartilage explants were also performed to estimate catabolism. In vivo,
the effects of EZH2 inhibition were investigated on medial meniscectomy (MMX) OA mouse model. The tissue alterations were assayed by
histology and the functional disabilities of the mice by actimetry and
running wheel.
Results: In vitro, EZH2 inhibition by a pharmacological inhibitor, EPZ6438, reduced chondrocyte hypertrophy. In addition, EPZ-6428 and
DZNep (another inhibitor of histone methylation) reduced IL-1b effects.
At contrary, EZH2 overexpression exacerbated the action of this
proinﬂammatory cytokine increasing the expression of genes involved
in inﬂammation, pain (NO, PGE2, IL6, NGF) and catabolism (MMPs) in
chondrocytes. Ex vivo, EZH2 inhibition decreased IL-1b-induced degradation of cartilage. In vivo, intra-articular injections of the EZH2
inhibitor reduced cartilage degradation and improved motor functions
of OA mice.

Conclusions: This study demonstrates that the pharmacological
inhibition of the histone methyl-transferase EZH2 slows the progression of osteoarthritis and improves motor functions in an experimental OA model, suggesting that EZH2 could be an effective target for
the treatment of OA by reducing catabolism, hypertrophy, inﬂammation
and pain.
PRESENTATION NUMBER: 381
MACHINE LEARNING BASED PRIORITISATION OF OSTEOARTHRITIS
JOINT DAMAGE ASSOCIATED GENES USING SKELETAL GENETICS
AND GENOMICS
J. Soul, D.A. Young. Newcastle Univ., Newcastle, United Kingdom
Purpose: Animal models are widely used in the study of osteoarthritis
to investigate the effect of genetic or transient gene modulation on joint
damage phenotypes. We recently described a knowledge base of gene
modulations in osteoarthritis animal models, OATargets, that details the
effect of 485 uniquely modulated genes (“OA genes”) in 661 publications published over the last 20 years. We continue to update and
add new data types to this knowledge base to aid prioritisation of future
laboratory investigation and suggest drug potential targets for osteoarthritis. We sought to investigate how well machine learning based
integration of skeletal gene expression data, phenotypes and proteinprotein interaction (PPI) network information can predict newly published OA genes.
Methods: GWAS gene association scores for osteoarthritis, bone density
and body height were downloaded from OpenTargets. Genes annotated
to skeletal phenotypes were identiﬁed from MGI. The 21 gene annotations to the MGI osteoarthritis phenotype terms were removed to
prevent data leakage. 541 gene differential expression proﬁles from the
SkeletalVis database were used to provide skeletal cell type gene
expression responses. Node2vec with default parameters was used to
produce a 256-dimension representation of a human PPI network. A
temporal test set of the most recent 20% of published OA genes was held
out for testing the predictive performance of the algorithms. Random
forest, bagged support vector machine (SVM), and network diffusionbased classiﬁers were trained with 5-fold cross validation. These classiﬁers were applied to the test dataset using the area under the receiver
operator curve (AUROC) to evaluate the predictive performance.
Results: We trained two machine learning classiﬁers to rank yet
unstudied human genes by potential to affect OA joint damage using the
PPI network, gene expression, skeletal phenotype and GWAS data
available in OATargets. The trained random forest and SVM classiﬁers
predicted known OA genes in a hidden test set with an AUROC of 0.863
and 0.8503 respectively. Removing gene expression or PPI network data
from the training information resulted in decreased performance (0.832
and 0.768 AUROCs), suggesting this information is informative in predicting OA genes. A network diffusion algorithm using solely the PPI
network information performed with an AUROC of 0.835. These results
suggest that while the strong network connectivity of the known OA
genes is sufﬁcient to infer many other known OA genes belonging to the
same cross-talking pathways, the addition of gene expression data and
other phenotypic data improves ranking performance.
The most informative (heavily weighted) gene expression datasets in
the classiﬁers were found to involve chondrocyte differentiation, mouse
spontaneous (STR/ORT) and surgical osteoarthritis. Enrichment analysis
of the most informative network features revealed signiﬁcant enrichment of Wnt signalling and apoptosis highlighting the role of these
pathways in OA pathogenesis.
An ensemble classiﬁer using both the network diffusion and machine
learning approaches performed superiorly (0.883 AUROC), suggesting
combining rankings from distinct algorithms can improve the prioritisation. Top ranked, yet unstudied genes included several with existing
drugs under investigation for other diseases such as the PIM kinases,
giving the potential for repurposing these drugs for osteoarthritis.
Conclusions: We have further added to the utility of OATargets with
improved availability of skeletal data to further contextualise both the
existing OA genes and potential future targets. The newly developed
machine learning based classiﬁer can systematically integrate all the
available skeletal genetics and genomics data in the knowledge base to
improve prioritisation of unstudied genes for future laboratory
research.
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PRESENTATION NUMBER: 382
ALLELIC EXPRESSION IMBALANCE REFINED
ASSOCIATION SIGNALS IN OSTEOARTHRITIS

GENOME-WIDE

R.C. de Almeida, W. Den Hollander, R.R. Nelissen, L. Mei, I. Meulenbelt.
Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: A continuum of genome wide association studies (GWAS) on
osteoarthritis (OA) with ever increasing sample sizes have resulted in
96 independent loci associating to OA related phenotypes. Consequently, the urge to annotate transcriptional effects of identiﬁed risk
SNPs in OA relevant tissue is growing. To address functionality of
identiﬁed risk SNPs we performed allelic expression imbalance (AEI) in
whole transcriptomics data of articular cartilage from OA patients.
Methods: To perform AEI, we used transcriptome-wide sequencing
(RNA-seq) data from articular cartilage of 65 OA patients (56 preserved
and 9 lesioned cartilage). First, we calculated the linkage disequilibrium
(LD) of each 96 associated loci reported on GWAS catalog database,
taking a window of 1 Mb (þ/- 500 kb) from the most associated variant
reported by each study. Furthermore, the count fraction of the alternative alleles among the alternative and reference alleles together (4)
was determined for each heterozygous individual. Finally, a meta-analysis was performed to generate a meta-4 and P-value for each genetic
variant with a false discovery rate (FDR) correction for multiple tests.
Additionally, we performed differential expression analysis between
paired samples of preserved and lesioned cartilage (N ¼ 35 pairs).
Results: We identiﬁed 26 transcript SNPs subject to AEI of positional
genes (1Mb LD window), in linkage disequilibrium with 20 reported
robust OA risk SNPs. Notable among these were AEI SNPs (N¼2) located in
long intergenic non-coding RNAs (lincRNAs) such as, MALAT1 (AEI meta4¼0.46, FDR¼3.3 x 10-4) and ILF3-DT (meta-4 ¼ 0.4, FDR¼4.3 x 10-4) and
AEI SNPs (N¼16) located in genes not previously highlighted as possible
OA genes in the GWAS catalogue, such as ECM1 encoding extracellular
matrix protein1 (meta-4 ¼0.53 , FDR ¼ 3x10-3). To further strengthen
these genes as being involved in OA pathophysiology we performed
differential expression between preserved and lesioned cartilage and
found 9 AEI genes, including TNC (meta-4¼0.47, FDR ¼ 2.08x10-7 , FC¼
1.4), COLGALT2 (meta-4 ¼ 0.47, FDR ¼ 0.002, FC¼1.42), and lincRNA ILF3DT (AEI meta-4 ¼ 0.4, FDR¼4.3 x 10-4, FC ¼ 0.69) (Table 1).

AEI Gene

GWAS Gene

GWAS SNP

AEI SNP

metaPhi FDR

COLGALT2
ILF3-DT
ECM1
MALAT1
TNC

Not reported
Not reported
Not reported
Not reported
TNC

rs11583641
rs1560707
rs12040949
rs10896015
rs2480930

rs11583641
rs4804514
rs13294
rs3200401
rs2274836

0.46
0.4
0.53
0.46
0.47

Table 1

Allelic Expression Imbalance
Genes with differential expression
between preserved and lesioned
OA cartilage.

2.1x10-2
4.3X10-4
3.5x10-3
3.3 x 10-4
2.08x10-7

Osteoarthritis
andCartilage

Conclusions: Here, we present a robust and comprehensive search for
functional AEI SNPs in LD with the OA risk SNPs and identiﬁed 16 genes
subject to AEI, that were not previously reported by GWAS, including
two lincRNAs. Our data provide a roadmap for further investigation in
OA genetic variants that act via affecting gene expression in the OA
disease-relevant tissue cartilage. In addition, our approach substantially
helped to reﬁne and prioritized OA risk genes for further downstream
functional (in vitro) analyses.
PRESENTATION NUMBER: 383
EVIDENCE OF SPECIALIZED
CHONDROCYTES

RIBOSOMES

IN

OSTEOARTHRITIC

A. Chabronova 1, G.G. Akker 1, E.G. Ripmeester 1, B.A. Housmans 1,
A. Cremers 1, D.A. Surtel 1, K. Wichapong 2, L.W. Rhijn 1, V. Marchand 3,
Y. Motorin 3, T.J. Welting 1. 1 MUMCþ, Maastricht, Netherlands; 2 CARIM,
Maastricht, Netherlands; 3 Lorraine Univ., Nancy, France
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Purpose: Osteoarthritis (OA) is the most common joint disorder, characterized by progressive loss and destruction of articular cartilage.
Articular chondrocytes are highly specialized cells that produce and
maintain the cartilage extracellular matrix (ECM). This requires continuous mRNA translation. Human ribosomes are large protein-RNA
complexes containing 79 core proteins and 4 ribosomal RNAs (18S, 5.8S,
28S, and 5 rRNA). Recent studies demonstrate that ribosomes are not
static translational machines but, in fact, dynamic and heterogeneous. A
major source of ribosome heterogeneity is post-transcriptional modiﬁcation (PTM) of ribosomal RNAs. The two most abundant rRNA PTMs
are 2’-O-ribose methylation (2’O-Me) and pseudourydilation (j).
Localization of these modiﬁcations is guided by speciﬁc small nucleolar
RNAs (snoRNAs). Previously, we demonstrated that snoRNA expression
is deregulated in murine, equine, and human osteoarthritic cartilage.
Here we hypothesized that rRNA 2’O-Me and j PTM proﬁles are altered
during osteoarthritis development, which affects chondrocyte translational modus and contributes to OA progression.
Methods: Primary human knee non-OA articular chondrocytes (5
individual donors) were stimulated with end-stage OA synovial ﬂuid
(OA-SF) for 14 days. Expression levels of chondrocyte phenotypic
marker genes (COL2A1, COL1A1), rRNA methyl-transferase Fibrillarin
(FBL), and pseudouridine synthase Dyskerin (DKC1) were measured by
RT-qPCR. All rRNA 2’-O-ribose methylation (2’-O-Me) and pseudouridylation (j) sites were detected and quantiﬁed with RiboMethSeq and
HydraPsiSeq, respectively. Differences > 5% were considered reliable.
CRISPR guide RNAs targeting snoRNAs guiding speciﬁc candidate PTMs
(and GFP as a control) were designed and cloned into a lentiviral Cas9
expression system. SW1353 was transduced with the lentivirus,
selected with puromycin, and cultured for 6 additional weeks to allow
genetic inactivation of speciﬁc snoRNAs. The efﬁciency of CRISPR
genomic modiﬁcations was determined by genomic PCR, surveyor
nuclease digestion, and RT-qPCR. Splicing of host genes was assessed
by RT-qPCR. CRISPR/Cas9 KO cell lines were transfected with bicistronic IRES (Internal Ribosome Entry Site) luciferase constructs (CrPV
IGR, P53, and HCV IRES) to assess ribosome modus, or with UAA in 0
frame, HIV-1 -1 PRF (programmed ribosomal frameshifting) constructs
to determine the ribosome ﬁdelity. Data was normalized to a cotransfected plasmid containing the lacZ gene. Dual-luciferase measurements were performed using the Dual-Glo luciferase reagent 48h
post-transfection.
Results: We set-up an OA-mimicking in vitro model using human primary non-OA articular chondrocytes treated with end-stage OA synovial ﬂuid. Upon OA-SF treatment, the expression of COL2A1 was
decreased, while the expression of COL1A1, was increased. FBL expression was increased while 2’-O-Me levels of 6/109 known rRNA 2’-O-Me
sites were signiﬁcantly altered: four downregulated and two upregulated. The expression level of DKC1 was signiﬁcantly decreased and
HydraPsiSeq proﬁling revealed that j at 8/104 rRNA j sites was signiﬁcantly downregulated by OA-SF stimulation. To functionally investigate these changes in rRNA PTM proﬁles, we performed a CRISPR/
Cas9-mediated knockout of two selected snoRNAs - SNORA22 and
SNORA33 in SW1353. Both snoRNAs guide pseudouridylation of
nucleotide U5001 on 28S rRNA. This PTM was signiﬁcantly downregulated in our in vitro OA model. We assessed the efﬁciency of genetic
modiﬁcation by surveyor nuclease digestion and RT-qPCR, both methods conﬁrming a strong level of KO (~ 95% for SNORA22 and 60% for
SNORA33). As SNORA22 and SNORA33 are both intron-encoded snoRNAs, we checked the splicing of the exons ﬂanking the snoRNA. In both
cases, we achieved signiﬁcant snoRNA KO without affecting splicing or
expression of the host gene (CCT6P1 and RPS12, respectively). Measurement of IRES-dependent translation initiation from three wellcharacterized IRES elements (CrPV IGR, HCV, and P53 IRES) revealed
that SNORA22 depletion caused a signiﬁcant increase in translation
initiation from all three IRESs, while SNORA33 KO led to a signiﬁcant
increase in translation initiation from CrPV IGR and P53 IRESs, and had
no effect on HCV IRES activity. Ribosome ﬁdelity measurements
revealed decreased recognition of an UAA termination codon as well as
promoted HIV -1 frameshift in the SNORA22 depleted cell line.
Conclusions: In our in vitro OA model, exposure of human non-OA
articular chondrocytes to synovial ﬂuid from patients suffering from
end-stage OA led to changes in chondrocyte phenotype, associated
with changes in rRNA 2’-O-Me and j proﬁles. This is supported by
alterations in expression levels of Fibrillarin and Dyskerin. One of the
signiﬁcantly down-regulated rRNA modiﬁcations (J of nucleotide
U5001 on 28S) is guided by two box H/ACA snoRNAs: SNORA22 and
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SNORA33. SW1353 cells deprived of SNORA22 or SNORA33 showed an
increased intrinsic capacity of ribosomes to initiate translation from a
selection of IRES elements (CrPV IGR, HCV, and P53 IRES) and in the
case of SNORA22-depleted cells, we also observed impaired translational ﬁdelity, speciﬁcally higher translation error rate and more frequent stop codon skipping. For the ﬁrst time, we demonstrate that
chondrocytes respond to changes in the OA-associated extracellular
environment by tuning specialized ribosome biogenesis that leads to
altered mRNA translation.

Results: The EWAS discovered 15,328 differentially methylated sites
exceeding the genome-wide signiﬁcance threshold (p < 1.24e-7)
between low-grade and high-grade cartilage. We identiﬁed 2,477 differentially methylated regions linked to cartilage degeneration. These
regions were mapped to genes enriched in 76 Gene Ontology terms
related to developmental (e.g. BMP7), structural (e.g. COL12A1, ACAN),
and regulatory functions (e.g. GATA4) and included morphogenesis of a
branching epithelium (e.g. ESRP2). Machine learning models distinguished low-grade and high-grade cartilage samples with high
accuracy (90%). Furthermore, methylation sites prioritized by these
models revealed additional GO term enrichments which would have
remained undiscovered in the EWAS approach. The mQTL analysis
revealed widespread associations between genetic variants and methylation in all three examined tissues. Among these, we identiﬁed 18
methylation sites targeted by mQTLs which exert their effect solely in
either low-grade or high-grade cartilage. Furthermore, mQTLs colocalised with 20 OA-associated genetic loci, potentially elucidating their
regulatory targets. The application of MR identiﬁed 19 methylation loci
with a putative causal inﬂuence on OA
Conclusions: In this study, we identify widespread epigenomic proﬁle
changes related to cartilage degeneration. We provide the ﬁrst genomewide map of mQTLs in knee OA affected tissues. This map enabled us to
identify likely effector genes of GWAS signals, thus enhancing our
understanding of the mechanisms underpinning disease development
and progression in OA
PRESENTATION NUMBER: 385
SUPERFICIAL CARTILAGE TRANSVERSE RELAXATION TIME (T2) IS
ASSOCIATED
WITH
FUTURE
OSTEOARTHRITIS
DISEASE
PROGRESSION - DATA FROM THE FNIH BIOMARKER STUDY OF THE
OSTEOARTHRITIS INITIATIVE (OAI).

PRESENTATION NUMBER: 384
AN EPIGENOME-WIDE VIEW OF OSTEOARTHRITIS IN TARGET
TISSUES
P. Kreitmaier 1, M.J. Suderman 2, L. Southam 1, R. Coutinho de Almeida 3,
K. Hatzikotoulas 1, I. Meulenbelt 3, J. Steinberg 1, 4, C.L. Relton 2,
J.M. Wilkinson 5, E. Zeggini 1. 1 Inst. of Translational Genomics, Helmholtz
2
MRC
Integrative
Zentrum
München,
Neuherberg,
Germany;
Epidemiology Unit, Population Health.Sci., Bristol Med. Sch., Univ. of
3
Bristol, Bristol, United Kingdom; Dept. of BioMed. Data Sci., Leiden
Univ. Med. Ctr., Leiden, Netherlands; 4 Cancer Res. Div., Cancer Council
NSW, Sydney, Australia; 5 Dept. of Oncology & Metabolism, The Univ. of
Shefﬁeld, Shefﬁeld, United Kingdom
Purpose: Osteoarthritis (OA) is a complex disease clinically characterized by chronic joint pain, stiffness and progressive deformity.
Affecting more than 40% of people over the age of 70, OA contributes
substantially to public health burden. Yet in spite of its high prevalence,
there is no cure, and current treatment methods are limited to pain
management and joint replacement. To promote the development of
novel, efﬁcient therapy approaches, it is ﬁrst necessary to unravel the
genomic architecture of OA. Here, we investigated genome-wide DNA
methylation in cartilage and synovium tissue from 98 patients, the
largest epigenetic data set for knee OA. Speciﬁcally, we aimed to (1)
characterize methylation marks of cartilage degeneration, (2) identify
genotype-dependent methylation changes (mQTL effects) and (3)
investigate causal effects of methylation loci on OA
Methods: Genome-wide DNA methylation data from primary chondrocytes from macroscopically intact (low-grade) and degraded (highgrade) cartilage as well as synovium samples were generated from 98
patients undergoing total knee replacement for OA. Samples were
typed using either the Illumina 450k or EPIC array technology, and with
the Illumina CoreExome chip. We conducted an epigenome-wide
association study (EWAS) comparing matched low-grade and highgrade cartilage within the same individual to identify methylation
marks of cartilage degeneration. We further constructed random forestbased machine-learning classiﬁers to distinguish cartilage samples of
different degradation grades. Cis-mQTLs were identiﬁed in synovium,
low-grade and high-grade cartilage across the genome. We used
Mendelian randomization (MR) to investigate putative causal effects
between methylation state and OA, and colocalisation analysis to
identify the loci most likely to be causal

D. Fürst 1, 2, W. Wirth 1, 2, M. Gaisberger 3, 2, D.J. Hunter 4, F. Eckstein 1, 2.
Dept. of Imaging & Functional Musculoskeletal Res.; Inst. of Anatomy
and Cell Biology; Paracelsus Med. Univ., Salzburg, Austria; 2 Ludwig
Boltzmann Inst. for Arthritis and Rehabilitation, Paracelsus Med. Univ.,
Salzburg, Austria; 3 Inst. of Physiology and Pathophysiology, Paracelsus
Med. Univ., Salzburg, Austria; 4 Rheumatology Dept., Royal North Shore
Hosp. and Inst. of Bone and Joint Res., Kolling Inst., Univ. of Sydney,
Sydney, Australia
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Purpose: MRI spin-spin (transverse) relaxation time (T2) has been
proposed as an imaging biomarker for the detection of alterations in
articular cartilage composition. T2 is thought to reﬂect collagen integrity, orientation, and hydration, with higher values indicating early
cartilage damage. T2 was shown to be associated with cartilage histological grading and mechanical properties. However, whether cartilage
T2 is associated with subsequent disease progression in knees with
established OA remains controversial. Further, whether layer-speciﬁc
superﬁcial or deep cartilage T2 is more strongly associated with clinically relevant OA progression has not been examined in a large sample.
The objective of this study was to examine whether layer-speciﬁc cartilage T2, and/or change in T2 over 1 year is associated with subsequent
clinically relevant (radiographic, or symptomatic, or both) knee osteoarthritis (OA) disease progression.
Methods: The OAI biomarker consortium was a nested case-control
study on 600 Kellgren Lawrence grade 1-3 knees from 600 Osteoarthritis Initiative (OAI) participants. Progressor knees (n¼194) were
deﬁned to have both medial femorotibial radiographic minimum joint
space width (JSW) loss of 0.7 mm as well as a persistent increase in
WOMAC pain (9 on a 0-100 scale) at 24-48 month from baseline. Yet,
multi-echo spin-echo (MESE) MRIs for cartilage T2 analysis in the OAI
were only acquired in the right knees, and hence only 97 progressor
knees were available for analysis. These were compared with 104 right
control knees without JSW or pain progression as deﬁned above at 2448 month from baseline. 53 right knees had radiographic JSW progression only, but no pain progression, and 57 had pain progression
only, but no radiographic progression. Previously published cartilage
thickness segmentations obtained with a double echo steady stated
(DESS) MRI sequence at baseline and 1 year later were matched (spatially registered) to non-segmented MESE images, to extract superﬁcial
and deep femorotibial cartilage T2 for the four femorotibial cartilage
plates (Figure 1).
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Figure 1 Manually segmented DESS (a) with corresponding registered
MESE (b) MRI of a medial knee compartment.Superﬁcial medial
femorotibial compartment (MFTC) T2 at baseline in the JSW and pain
progressor vs. non-progressor knees was considered the primary, and
longitudinal change in deep MFTC T2 between baseline and 12
months follow-up the secondary analytic outcome of this post-hoc
exploratory study. These were based on a priori observations from
published literature, suggesting that superﬁcial T2 measurement may
have better diagnostic discrimination between knees cross-sectionally, and that deep T2 measurement may show better sensitivity to
change and discrimination between knees longitudinally. Statistical
testing was performed using an analysis of covariance (ANCOVA) to
identify changes between adjusted means. Age, sex, BMI, WOMAC
pain, and medial JSN grade at baseline were used as covariates. Pvalues were computed for the primary and secondary analytic endpoint, but not for exploratory endpoints. Sensitivity analyses were
conducted for partial (JSW or pain only) progressor vs. control knees.

non-progressor knees (45.8ms [95% CI 45.0, 46.5], with the difference of
1.3 ms [95% CI 0.3, 2.4] being statistically signiﬁcant (p¼ 0.01; Table 1).
The elevation was more marked in the MT than in the cMF. In the deep
layer of the MFTC, the T2 was lower (adjusted mean difference 0.4 ms
[-0.6, 1.4]) than in the superﬁcial layer. Amongst exploratory endpoints,
superﬁcial T2 in the FTJ, MT and cLF were clearly elevated in progressor
vs. non-progressor knees (Table 1). But none of the other deep layer T2
baseline values in the cartilage plates, compartments or total joint
differed clearly between progressor and non-progressor knees (Table 1).
The adjusted longitudinal change in deep layer MFTC T2 between
baseline and 12 months increased in the progressor knees (0.15ms [95%
CI -0.52, 0.83]) and decreased in non-progressor knees (-0.47ms [95% CI
-1.13, 0.19]); however, the difference did not reach statistical signiﬁcance (p¼0.21; Table 2). The same was observed for the superﬁcial
layer (Table 2) and none of the other superﬁcial or deep T2 change
measures differed considerably between progressors vs. control knees
(Table 2). The exploratory sensitivity analyses revealed that baseline
superﬁcial MFTC T2 was signiﬁcantly elevated in JSW only progressor vs
non-progressor knees (þ1.4 ms; 95% CI [0.2, 2.6]; Table 1) and this was
only observed in cMF and FTJ, but not in MT. Clear elevation in the
superﬁcial T2 in the JSW progression only group was also observed in
the cLF, but not in the LT or the LFTC. The pain progressor only knees did
not display clear differences in superﬁcial T2 vs. controls in any of the
regions studied (Table 1). Further, none of the deep layer T2 values
differed considerably between partial progressor vs. control knees
(Table 1). The only longitudinal endpoint that revealed a clear difference
in the sensitivity analyses was the change in superﬁcial T2 in the FTJ
between pain only progressor vs. control knees (Table 2).

Results: Baseline superﬁcial MFTC T2 was greater in progressor knees
(adjusted mean 47.2ms [95% conﬁdence interval [CI] 46.5, 48.0]) than in

FTJ
[ms]
MFTC
[ms]
LFTC
[ms]
MT [ms]

D
s
D
s
D
s
D
s
cMF
D
[ms] s
LT [ms] D
s
cLF [ms] D
s

Non-progressor JSW + pain
Control
progressors

JSW only
progressors

Pain only
progressors

42.0 [41.5, 42.4]
45.3 [44.8, 45.9]
44.3 [43.6, 45.0]
45.9 [45.2, 46.6]
39.6 [39.1, 40.1]
44.8 [44.2, 45.4]
36.4 [35.6, 37.3]
37.8 [37.1, 38.5]
52.2 [51.2, 53.3]
54.0 [53.0, 55.0]
34.0 [33.4, 34.6]
41.6 [40.9, 42.4]
45.1 [44.5, 45.8]
47.9 [47.2, 48.6]

0.8 [-0.0, 1.6]
1.1 [0.2, 2.1]
1.0 [-0.2, 2.2]
1.4 [0.2, 2.6]
0.6 [-0.3, 1.4]
0.9 [-0.2, 1.9]
0.3 [-1.2, 1.7]
0.9 [-0.3, 2.2]
1.8 [-0.0, 3.5]
1.9 [0.1, 3.6]
0.5 [-0.6, 1.5]
0.2 [-1.1, 1.5]
0.6 [-0.5, 1.8]
1.5 [0.4, 2.7]

0.3 [-0.5, 1.1]
0.3 [-0.6, 1.2]
0.0 [-1.1, 1.1]
0.3 [-0.8, 1.5]
0.6 [-0.2, 1.4]
0.3 [-0.7, 1.2]
-0.3 [-1.6, 1.1]
0.1 [-1.0, 1.3]
0.3 [-1.4, 2.0]
0.5 [-1.2, 2.2]
0.3 [-0.7, 1.3]
0.2 [-1.9, 1.5]
0.9 [-0.1, 2.0]
0.3 [-0.8, 1.4]

0.4 [-0.3, 1.1]
1.0 [0.2, 1.8]
0.4 [-0.6, 1.4]
1.3 [0.3, 2.4]
0.4 [-0.3, 1.1]
0.7 [-0.2, 1.5]
-0.2 [-1.4, 1.0]
1.5 [0.5, 2.5]
1.0 [-0.4, 2.5]
1.2 [-0.3, 2.6]
0.5 [-0.4, 1.3]
0.3 [-0.8, 1.4]
0.4 [-0.6, 1.3]
1.1 [0.1, 2.0]

Adjusted values given for the whole femorotibial joint (FTJ), the medial femorotibial compartment (MFTC), the lateral femorotibial compartment (LFTC) and all
femorotibial cartilage plates: medial tibia (MT), weight-bearing (central) medial
femur (cMF), lateral tibia (LT) and weight-bearing (central) lateral femur (cLF).

Table 1

Baseline
layer-speciﬁc
(d¼deep, s¼superﬁcial) adjusted means (non-progressor control) and differences [95%
Conﬁdence Interval] of cartilage
transverse relaxation time (T2 in
ms) in knees with both JSW and
pain progression (JSW+pain), in
knees with JSW progression
only (JSW only), and in knees
with pain progression only (pain
only) vs non-progressor controls. Signiﬁcant differences
(p<0.05) are marked in bold.

Osteoarthritis
andCartilage

S315

Non-progressor
Control
FTJ [ms] d -0.36 [-0.79,
0.06]
s 0.04 [-0.37, 0.45]
MFTC
d -0.47 [-1.13,
[ms]
0.19]
s 0.22 [-0.43, 0.88]
LFTC
d -0.25 [-0.63,
[ms]
0.12]
s -0.15 [-0.51.
0.22]
MT
d -0.58 [-1.51,
[ms]
0.36]
s -0.02 [-0.84,
0.81]
cMF
d -0.37 [-1.22,
[ms]
0.48]
s 0.46 [-0.50, 1.43]
LT
d -0.31 [-0.81,
[ms]
0.18]
s 0.14 [-0.36, 0.65]
cLF
d -0.19 [-0.67,
[ms]
0.28]
s -0.43 [-0.93,
0.06]

JSW + pain
progressors

JSW only
progressors

Pain only
progressors

0.3 [-0.3, 1.0]

0.1 [-0.7, 0.8]

0.7 [0.0, 1.4]

-0.2 [-0.8, 0.5]
0.6 [-0.4, 1.6]

0.3 [-0.4, 1.0]
0.0 [-1.1, 1.2]

0.2 [-0.4, 0.9]
0.9 [-0.2, 2.0]

-0.1 [-1.0, 0.9]
0.0 [-0.5, 0.6]

0.4 [-0.8, 1.5]
0.1 [-0.5, 0.8]

0.2 [-0.9, 1.3]
0.6 [-0.0, 1.2]

-0.2 [-0.7, 0.3]

0.2 [-0.4, 0.9]

0.3 [-0.3, 0.9]

0.5 [-0.9, 1.9]

0.3 [-1.4, 1.9]

0.9 [-0.7, 2.4]

-0.2 [-1.4, 1.0]

1.0 [-0.4, 2.4]

1.0 [-0.4, 2.3]

0.7 [-0.5, 2.0]

-0.2 [-1.7, 1.3]

0.9 [-0.5, 2.3]

-0.0 [-1.4, 1.4]
0.1 [-0.6, 0.9]

-0.3 [-1.9, 1.4]
0.3 [-0.6, 1.2]

-0.5 [-2.1, 1.0]
0.5 [-0.3, 1.4]

-0.2 [-1.0, 0.5]
-0.1 [-0.8, 0.8]

0.5 [-0.4, 1.4]
-0.1 [-0.9, 0.7]

-0.3 [-1.1, 0.6]
0.6 [-0.2, 1.4]

-0.2 [-0.9, 0.6]

0.0 [-0.8, 0.9]

0.8 [-0.0, 1.6]

Abbreviations as in Table 1

Table 2

Layer-speciﬁc
(d¼deep,
s¼superﬁcial) adjusted longitudinal changes (non-progressor
control) and differences [95%
Conﬁdence Interval] of cartilage
transverse relaxation time (T2)
between baseline and year 1 (in
ms) in knees with both JSW and
pain progression (JSW + pain),
in knees with JSW progression
only (JSW only), and in knees
with pain progression only (pain
only) vs non-progressor controls. Signiﬁcant differences
(p<0.05) are marked in bold.
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Conclusions: We explored the predictive relationship of layer-speciﬁc
cartilage T2 for clinically relevant OA progression in a relatively large
sample. To this end, we used a validated registration technique for
extracting T2 from MESE using cartilage morphometry segmentations
from a DESS MRI sequence. Baseline superﬁcial, but not deep MFTC T2
(or LFTC T2) was associated with (combined) medial radiographic and
symptomatic progression, with higher T2 indicating worse histopathological and mechanical cartilage properties. Sensitivity analyses
suggest that the differences between progressor vs. non-progressor
knees are mainly driven by JSW but not pain progression. Longitudinally, the difference in deep and superﬁcial MFTC T2 between baseline
and 12 months between progressor knees vs. controls did not reach
statistical signiﬁcance. The results emphasize that superﬁcial and deep
cartilage T2 should always be determined separately, and that superﬁcial T2 in the affected compartment is associated with subsequent
clinically relevant disease progression.
PRESENTATION NUMBER: 386
3D
CONTOUR
REGISTRATION
REVEALS
THAT
LOCATIONINDEPENDENT CARTILAGE THICKNESS SCORES AND REGIONAL
PATTERNS DIFFER BETWEEN EARLY AND LATE FOLLOW-UP
PERIODS AFTER ANTERIOR CRUCIATE LIGAMENT (ACL) RUPTURE
D. Fürst 1, 2, W. Wirth 1, 2, A. Wisser 1, M. Gaisberger 3, 2, R. Frobell 4,
S. Lohmander 4, F. Eckstein 1, 2. 1 Dept. of Imaging & Functional
Musculoskeletal Res.; Inst. of Anatomy and Cell Biology; Paracelsus Med.
Univ., Salzburg, Austria; 2 Ludwig Boltzmann Inst. for Arthritis and
Rehabilitation, Paracelsus Med. Univ., Salzburg, Austria; 3 Inst. of
Physiology and Pathophysiology, Paracelsus Med. Univ., Salzburg, Austria;
4
Dept. of Orthopedics, Clinical Sci. Lund, Lund Univ., Lund, Sweden
Purpose: Anterior cruciate ligament (ACL) rupture is associated with
acute joint trauma, chronically altered joint mechanics; and subsequently with an increased risk of incident knee osteoarthritis (OA). It
has been reported that the mean femorotibial cartilage thickness
increases in young adults after ACL rupture, with the annual rate during
the ﬁrst 2 years (BL/Y2) being similar to that during the subsequent 3
years (Y2/Y5). Previous work has shown that this mean cartilage
thickness change does not reﬂect simultaneous thinning and thickening
that occurred in different subregions of the joint, and that simultaneous
thinning and thickening actually differed in magnitude between the
ﬁrst and later observation period, independent of treatment. Such cartilage thickness perturbation has been characterized by the locationindependent cartilage change score, based on 16 femorotibial subregions across the femorotibial joint. Objectives of the current study
were to expand on this by 1) using a 3D registration method for intraperson alignment of baseline and follow-up MRIs based on subchondral
bone contours; 2) determining annualized location-independent thinning, thickening and change scores using thickness difference for each
voxel after alignment rather than for subregions; 3) to compare these
scores between the early (BL/Y2) vs. later (Y2/Y5) follow-up (FU)
after acute ACL rupture in each of the 4 femorotibial cartilage plates, and
4) to use inter-person contour registration to determine regional patterns of cartilage thickness change averaged across the cohort and
compare the early vs. later follow-up observation period.
Methods: We used gradient-echo MRIs from 121 acutely ACL ruptured
knees from a published RCT with existing manual femorotibial cartilage
segmentation. To compare thickness changes for each voxel (0.29 x 0.29
x 1.5 mm3), BL and FU images were unimodally registered based on
segmented subchondral bone (tAB) contours of the femorotibial cartilages. The segmented BL and FU image datasets were used as input for a
self-developed software. First, cartilage thickness values were calculated at each tAB voxel. Secondly, the software extracted the tAB contours of all four femorotibial cartilage plates, then combined the
femoral (cMF and cLF) and tibial (MT and LT) cartilage plates, and then
converted them into binary image stacks. Next, each femoral and tibial
BL image stack was aligned to its corresponding FU image stack, using
unimodal rigid registration. Thickness values, and BL/FU differences,
were computed for each tAB voxel for MT, cMF, LT, an cLF. The software
was developed in Cþþ using ITK for the registration algorithm. The
summed positive changes per voxel (thickening score), the negative
ones (thinning score), and the total thickness changes independent of
their direction (total change score), were annualized and statistically
compared between both observation periods using paired t-tests. Effect
sizes between later vs. early follow-up were expressed by the Cohen’s D.
To visualize the regional cartilage thickness changes for both

observation periods, a combined approach of rigid and deformable
registration was used for the alignment of binary BL/FU image stacks.
Femoral and tibial registration were performed independently. Left
knees were mirrored to be aligned with right knees. The corresponding
thickness change values were then averaged for each follow-up tAB
voxel.
Results: Statistically signiﬁcant greater annualized thickening, thinning, and total change scores were observed for the early vs. late FU
period in all femorotibial cartilage plates (Table 1). Effect sizes for the

Early Follow-up (BL/Y2)

MT
cMF
LT
cLF
MFTC
LFTC
FTJ

Late Follow-up (Y2/Y5)

ThCThin

ThCThick

ThCChange

ThCThin

ThCThick

ThCChange

-100.1
-66.5
-150.8
-78.4
-166.5
-229.2
-395.7

111.4
79.7
107.3
87.0
191.1
194.2
385.4

211.5
146.1
258.1
165.4
357.7
423.4
781.1

-51.8
-34.6
-69.1
-45.8
-86.4
-115.0
-201.4

71.3
52.3
78.8
49.2
123.5
128.0
251.5

123.1
86.8
148.0
95.0
209.9
243.0
452.9

MT/LT ¼ medial / lateral tibia; cMF /cLF ¼ medial / lateral weight-bearing
(central) part of the femoral condyle; MFTC / LFTC) ¼ medial / lateral femorotibial compartments; FTJ ¼ total femorotibial joint.

Table 1

Annualized thinning (ThCThin),
thickening (ThCThick) and
change (ThCChange) scores of all
femorotibial cartilage plates for
early and late follow-up (mm)
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andCartilage

thickening score ranged from 0.50 (LT) to 0.85 (FTJ), those for the
thinning score from -0.74 for cLF to -1.55 for FTJ, and those for the total
change score from 1.33 (cMF) to 1.82 (FTJ). During early FU, the thickening/ thinning ratios were 1.11 for MT, 1.20 for cMF, 1.11 for cLF, but
only 0.71 for LT. During the later FU, the ratios amounted to 1.38 for MT,
1.51 for cMF, 1.07 for cLF and 1.14 for LT.
The graphical representation of the regional thickness changes across
the cohort displayed cartilage thinning to occur mainly in the posterior
aspect of LT within the early observation period (Figure 1), whereas this
was not seen during the late observation period (Figure 2).

Figure 1 Early (BL/Y2) observation period: Regional patterns of

average cartilage thickness change in the medial and lateral tibia

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

(MT/LT) and in the medial and lateral weight-bearing part of the
femoral condyle (cMF/cLF); A¼anterior; P¼posterior; I¼interior;
E¼exterior.

Figure 2 Later (Y2/Y5) observation period: Regional patterns of

average cartilage thickness change in the medial and lateral tibia
(MT/LT) and in the medial and lateral weight-bearing part of the
femoral condyle (cMF/cLF); A¼anterior; P¼posterior; I¼interior;
E¼exterior.
Conclusions: We developed a novel method for intra- and interperson alignment of baseline and follow-up MRIs using 3D contour
registration, which permits to compare the cartilage thickness change
within and between subjects at each voxel of the bone-cartilage
interface. The application of this technology to ACL patients suggests
greater cartilage perturbation (i.e. simultaneous thinning and thickening) during the ﬁrst two years after acute injury as opposed to the
latter 3 years, and this was observed in each of the femorotibial cartilage plates. However, over the early observation period, cartilage
thinning was most prominent in the lateral tibia, whereas cartilage
thinning and thickening in the LT were more balanced during the later
follow-up period. Interestingly, the posterior LT is the site of greatest
mechanical impact during ACL tear as well as the site of post traumatic
bone marrow lesions (BMLs), indicating that the cartilage loss occurring in this particular region immediately after the ACL injury may be
related to that mechanical impact and the associated BMLs.
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The mean ± sd age of the 23 study individuals was 52.7 ± 14.7 years,
with 16 females and 7 males. Sides for analysis were selected to provide
a mixture of pathology (13 left, 10 right). 11 ankles had no metalwork, 6
various metalwork fusions in the ipsilateral foot, 6 in the contralateral
foot. The mean ± sd interval between imaging visits was 74.0 ± 29.6
days.
JSM was performed by a single blinded operator at the medial talocrural
(MTC, blue patch in ﬁrst ﬁgure), lateral talocrural (LTC, purple), talonavicular (TN, red), and posterior subtalar (PST, orange) articular surfaces at both visits.

A second operator trained on 6 opposite ankles, then performed JSM
patch segmentation at each of the 23 baseline ankles. All results were
registered to a set of average joint surfaces.
Talocrural joint angulation was measured by a single blinded operator
at each ankle from 3D reconstructions as the angle set by the lines
connecting landmarks at the centre of the distal tibial diaphysis, the
centre of the talar dome, and the centre of the talar head articular
surface. The paired t-test was used to determine whether mean angle
difference between visits signiﬁcantly differed from 0 . Dependence of
3D JSW on angle difference and the null hypothesis of no difference in
3D JSW between visits were tested using statistical parametric mapping
(SPM).
Baseline and follow-up maps were used to show test-retest repeatability, while comparison of baseline maps was used to show interoperator reproducibility, both as Bland-Altman statistics.
Results: Mean JSW values at visit 1 are shown in 3D on the average set
of joint surfaces (second ﬁgure).

PRESENTATION NUMBER: 387
TEST-RESTEST REPEATABILITY AND REPRODUCIBILITY OF 3D JOINT
SPACE MAPPING AT THE ANKLE USING WEIGHT BEARING CONE
BEAM COMPUTED TOMOGRAPHY
T. Turmezei 1, J. Mackay 2, K. Malhotra 3, A. Gee 4, G. Treece 4, K. Poole 5,
M. Welck 3. 1 Norfolk and Norwich Univ. Hosp. NHS Fndn. Trust, Norwich,
United Kingdom; 2 Norwich Med. Sch., Univ. of East Anglia, Norwich,
United Kingdom; 3 Royal Natl. Orthopaedic Hosp., Stanmore, United
Kingdom; 4 Cambridge Univ. Engineering Dept., Cambridge, United
Kingdom; 5 Dept. of Med., Univ. of Cambridge, Cambridge, United Kingdom
Purpose: Joint space mapping (JSM) is an image analysis tool that can
measure, display, and set up for analysis of joint space width (JSW)
distribution in 3D. It has been applied successfully at the hip and knee
and is now demonstrated at the ankle using weight bearing cone beam
computed tomography (CBCT). Our objective was to demonstrate: (1)
feasibility of JSM at this site of complex anatomy in the presence of
metalwork; (2) the effect of talocrural joint angulation on 3D JSW distribution; (3) JSM test-retest repeatability; and (4) JSM interoperator
reproducibility.
Methods: A convenience sample of 25 individuals with repeat weight
bearing CBCT imaging of both feet and ankles performed within 4
months between 2013 and 2017 were retrospectively selected with no
prior constraints on joint positioning. Imaging was acquired with a
Curvebeam pedCAT scanner, 120 kVp, 0.37 mm isotropic voxels, FOV
diameter 35 cm x height 20 cm, with a sharp reconstruction kernel. 2
individuals with metal-induced artefact were excluded because of
failure of the JSM measurement algorithm.

The difference in angulation between visits was not signiﬁcantly different from zero (2.7 ± 17.7, p¼0.30). SPM showed no signiﬁcant
dependence of difference between baseline and follow up 3D JSW on
joint angulation nor any signiﬁcant difference in 3D JSW difference from
zero for between visits (threshold p<0.05).
Global bias was 0.0 mm across all surfaces for test-retest repeatability
and reproducibility. Repeatability limits of agreement at individual
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surfaces were: TN ±0.26 mm, MTC ±0.28 mm, ST ±0.34 mm, and LTC
±0.40 mm. Optimum sensitivity was less than ±0.2 mm at each central
joint surface. Reproducibility limits of agreement at individual surfaces
were: TN ±0.27 mm, MTC ±0.24 mm, ST ±0.31 mm, and LTC ±0.37 mm.
3D maps show the distribution of repeatability (third ﬁgure) and
reproducibility (fourth ﬁgure) metrics across each joint surface.

Conclusions: This is the ﬁrst report of 3D surface-based measurement
and analysis of JSW at this particular set of complex articular surfaces.
JSM is feasible, reproducible, and sensitive in 3D JSW measurement
from weight bearing CBCT to at least ±0.2mm across the ankle articular
surfaces, which is subvoxel performance at nearly half of the isotropic
voxel dimension. Uncontrolled angulation of the talocrural joint also
appears not to be signiﬁcantly different between baseline and follow-up
imaging nor have any signiﬁcant effect on 3D JSW distribution.
Although there is a limit, if tolerated then JSM can still be performed in
the presence of metalwork, which is a common feature for this particular patient population.
PRESENTATION NUMBER: 388
CARTILAGE VOLUME, THICKNESS, AND SUBCHONDRAL BONE AREA
MEASURES OBTAINED FROM MULTIPLE ECHO SPIN ECHO (MESE)
T2 IMAGES VS VALIDATED CARTILAGE MORPHOMETRY
D. Fürst 1, 2, W. Wirth 1, 2, A. Chaudhari 3, F. Eckstein 1, 2. 1 Dept. of Imaging
& Functional Musculoskeletal Res.; Inst. of Anatomy and Cell Biology;
Paracelsus Med. Univ., Salzburg, Austria; 2 Ludwig Boltzmann Inst. for
Arthritis and Rehabilitation, Paracelsus Med. Univ., Salzburg, Austria;
3
Dept. of Radiology, Stanford Univ., Stanford, CA, USA
Purpose: Multi-echo spin echo (MESE) MR images are commonly used
in OA research for determining cartilage transverse relaxation times
(T2), as a measure of cartilage composition and mechanical / functional
properties. However, MESE MRI requires relatively long imaging times,

and therefore sometimes competes with the acquisition of validated
imaging protocols for cartilage morphometry (thickness, volume, bone
area) in clinical research, such as SPGR (spoiled gradient echo) or DESS
(double echo at steady state). The aim of the current work therefore was
to compare cartilage thickness, volume and bone area measurement
obtained from MESE segmentations, performed for the purpose of T2
analysis, with that of a validated DESS protocol in the same knees.
Speciﬁcally, we aimed to determine the offsets and the correlation
between MESE-derived and DESS-derived measures of cartilage morphology. These results can also provide scientiﬁcally relevant information, as to which extent (from the cartilage surface to the bone
interface) cartilage T2 is commonly reported when being determined
from MESE images.
pt?>Methods: We studied the right knees of 149 OAI participants; 89
without radiographic/clinical signs or risk factors of OA in either knee (healthy
reference cohort; age 55.0±7.5y; BMI 24.4±3.1), and 60 from subjects with
early radiographic OA (age 60.6±9.6y; BMI 27.8±4.8), with deﬁnite osteophytes
but no OARSI atlas radiographic joint space narrowing (JSN) in the same
(n¼32) or in the contralateral knee (n¼28). All 149 knees had expert manual
cartilage segmentation in the medial and lateral tibia (MT/LT) and in the
weight-bearing medial and lateral femur (cMF/cLF) from both MESE MRI (for
the purpose of cartilage T2 analysis; Fig.1a, b) and DESS MRI (for the purpose of
cartilage morphometry; Fig 1c,d). MESE involved 3 mm slices with 0.5 mm
gaps, and a nominal in-plane resolution of 0.31mm. DESS involved 0.7 mm
slices without gap of which every 2nd slice was segmented, and a nominal inplane resolution of 0.36mm. Cartilage volume (VC: ml), thickness (ThCtAB; mm)
and the subchondral bone are (tAB; cm2) were determined for all 4 femorotibial cartilage plates, as well as for the sum or average of those, using
Chondrometrics software. To characterize the relationship between MESE- vs.
DESS-derived cartilage morphometric properties, we determined the % value
and 95% conﬁdence interval (CI) of the mean difference, the p-value (paired ttest), and the Pearson correlation coefﬁcient, using linear regression analysis.

Figure 1 MESE (a,b) and corresponding DESS (c,d) MRI’s of the medial

(a,c) and lateral (b,d) compartments with segmentations of the
medial/lateral tibia (MT/LT) and the weight-bearing medial and
lateral femur (cMF/cLF).
Results: The sum of the cartilage volume across the 4 femorotibial cartilage plates in 149 subjects was 6837±1745 ml from the DESS, and signiﬁcantly less (-27%; -1848±731 ml [95%CI -1969, -1727]; p<0.001; Table
1) for the MESE (4989±1310 ml); the correlation coefﬁcient between the
cartilage volumes was r¼0.92 (Fig. 2). The average femorotibial cartilage
thickness was 1829±243 mm from the DESS, and 1571±220 mm from the
MESE, with a difference of -14% (-259±128 mm [-280, -237]; p<0.001),
and a correlation coefﬁcient of r¼0.85 (Fig. 2). The sum of the subchondral bone areas across the 4 femorotibial cartilage plates was
35.8±5.5 cm2 from the DESS, and 30.1±4.8 cm2 from the MESE, with a
difference of -16% (-5.72±2.64 cm2 [-6.16,-5.28]; p<0.001; and with a
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correlation coefﬁcient of r¼0.88 (Fig. 1c). Results for all femorotibial
cartilage plates are shown in Table 1. Deviations in cartilage thickness for
MESE segmentations from DESS were greater in the femoral than tibial
cartilage (-10% for MT, -7% for LT, -19% for cMF, and -20% for cLF; Table 1).
Cartilage volume and subchondral bone area deviations for MESE vs.
DESS ranged from -13% to -49% and -5.2% to -32%, respectively. Sensi-

Volume
(VC) [ml]

Thickness
(ThctAB)
[mm]
Subchondral
bone area
(tAB) [cm2]

Table 1

MT
cMF
LT
cLF
MT
cMF
LT
cLF
MT
cMF
LT
cLF

Systematic
difference
Mean ± SD

Systematic
difference
[95% CI]

Percent Correlation
%
(R)

-425.6 ± 256.5
-606.2 ± 205.4
-307.5 ± 234.3
-508.5 ± 196.7
-168.2 ± 151.5
-349.3 ± 183.6
-142.7 ± 135.2
-258.5 ± 127.9
-1.45 ± 1.13
-2.34 ± 0.83
-0.56 ± 1.00
-1.37 ± 0.87

[-468.0, -388.2]
[-640.2, -572.3]
[-346.2, -268.7]
[-541.0, -476.0]
[-193.2, -143.1]
[-379.7, -318.9]
[-165.1, -120.4]
[-402.0, -345.7]
[-1.64, -1.26]
[-2.47, -2.20]
[-0.73, -0.39]
[-1.52, -1.23]

-22.7%*
-45.8%*
-13.4%*
-35.2%*
-10.0%*
-19.4%*
-7.0%*
-20.0%*
-13.2%*
-32.3%*
-5.2%*
-17.8%*

Comparison of cartilage
morphometric measures
between MESE vs. DESS
MRI. Mean difference (absolute
values, mean±SD and 95%CI),
difference in percent and Pearson correlation coefﬁcient (R);
*statistically signiﬁcant difference of p<0.001; MT/LT ¼
medial/lateral tibia; cMF/cLF ¼
weight-bearing (central) medial
and lateral femur.

0.86
0.83
0.94
0.87
0.80
0.80
0.91
0.80
0.77
0.68
0.84
0.77
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tivity analysis of the differences in the healthy reference vs early OA knee
cohort did not yield any obvious differences in the deviations between
MESE vs. DESS morphometric measures (data not shown).
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volume, thickness, and subchondral bone areas substantially. The
underestimation of cartilage volume by the MESE is partly due to the
lower tAB, which in turn is due to the thicker MESE slices, which prohibit segmentation in the joint periphery due to partial volume. Yet,
there were additional offsets in cartilage thickness around -10% in the
tibia, and around -20% in the femur. Hence, if an estimate of cartilage
volume or thickness is made from MESE MRI, these systematic deviations should be accounted for. Another important implication of this
work is that cartilage T2 values derived from MESE do not seem to cover
the full femorotibial cartilage layer, and that the deepest 10-20% of the
cartilage layer do not appear to contribute to the T2 analysis. Hence,
femorotibial T2 values reported in the literature appear to represent
only 80-90% of the cartilage layer from the surface to the bone interface.
PRESENTATION NUMBER: 389
FULLY AUTOMATED CARTILAGE SEGMENTATION OF LATE STAGE
OSTEOARTHRITIS (KLG4) KNEES USING DEEP LEARNING WITH UNET ARCHITECTURES - MODEL SPECIFICITY IS IMPORTANT
A. Wisser 1, 2, W. Wirth 1, 2, A. Chaudhari 3, D. Fuerst 1, 2,
C. Baumgartner 4, E. Konukoglu 4, F. Eckstein 1, 2. 1 Paracelsus Med. Univ.,
Salzburg, Austria; 2 Chondrometrics GmbH, Ainring, Germany; 3 Stanford
Univ., Stanford, CA, USA; 4 ETH Zurich, Zurich, Switzerland
Purpose: The agreement and accuracy of automated cartilage segmentation of knees with radiographic osteoarthritis (ROA) using deep
learning (DL) and convolutional neural network (CNN)-based U-Net
architectures has recently been reported. It was observed that when
using a model trained with a set of Kellgren Lawrence grade (KLG) 2-4
knees for this purpose, automated cartilage segmentation slightly
overestimated cartilage thickness vs. the manual reference segmentation. This overestimation was particularly strong in a subcohort of KLG4
knees with denuded subchondral bone areas. The purpose of the current work was to investigate the effect of training set composition, as
well as that of denuded areas on segmentation agreement and the
accuracy of the thickness computations. The speciﬁc aims were 1) to
examine whether a speciﬁc training model of only KLG4 knees shows
better segmentation performance, with less cartilage thickness overestimation, than a larger, more general model of KLG 2-4 knees; 2) to
explore whether a model trained with a larger set of KLG4 knees further
improves performance; 3) and to compare the relationship between
overestimation of cartilage thickness and denuded bone areas.
Methods: The test set on which the automated segmentations were
performed encompassed 6 KLG4 knees from the Osteoarthritis Initiative
(OAI) who had expert manual segmentation of the medial femorotibial
compartment, including the medial tibia (MT) and weight-bearing femoral condyle (cMF; Fig. 1) as well as the lateral femorotibial compartment,
including the lateral tibia (LT) and weight-bearing femoral condyle (cLF).

Figure 2 Regression analysis of MESE vs. DESS derived values for

cartilage volume (left), thickness (middle), and subchondral bone
areas (right).
Conclusions: In this work, we have determined the relationship
between cartilage volume and thickness, and subchondral bone areas
from both MESE and DESS image segmentations of the same knees. This
was done to elucidate whether cartilage morphometric measures can
be obtained from MESE MRI, which is commonly used to derive cartilage T2, if for reasons of total acquisition time an imaging protocol does
not permit additional acquisition of MR sequences validated for cartilage morphometry. Although the correlations for femorotibial cartilage
volume and thickness were 0.8 between both protocols, we observed
relatively large systematic offsets, with MESE underestimating cartilage

The small number of test data was due to it being a subset of a test-set
from a previous study on KLG2-4 knees that had both sagDESS and
corFLASH segmentations. Three models for automated image segmentation were built using a DL CNN U-Net architecture. First, a general ROA
model was trained/validated (n¼86/18) using ROA knees with a wide
range of KL grades (37% KLG2, 33% KLG3, 30% KLG4). Next, a speciﬁc
KLG4 model was trained/validated (n¼26/6), only using the subset of
KLG4 knees from the above training and validation set. Finally, a larger
KLG-speciﬁc model was trained/validated in n¼125/24 KLG4 knees.
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These three models were then used for automated segmentation of the
KLG4 test set. The Dice Similarity Coefﬁcient (DSC [0¼no spatial overlap; 1¼complete overlap]) was determined as a measure of agreement
of the automated vs. manual reference segmentations (Fig. 1). Additionally, Pearson's Correlation Coefﬁcients and systematic offsets (in
mm and %) were calculated for cartilage thickness values that were
derived from the segmentations. Finally, offsets in cartilage thickness
were correlated with the denuded area of subchondral bone (dAB) in all
four femorotibial cartilage plates and the total joint.
Results: A mean DSC for the fully automated segmentation of the four
femorotibial cartilages of 0.85 / 0.86 (sagDESS data / corFLASH MRI) was
observed for the general (KLG2-4) ROA model across all four cartilage
plates, with Table 1 displaying results for MT, cMF, LT and cLF. Very
similar DSC values (0.85/0.85) were obtained for the small KLG4-speciﬁc model, and DSCs of 0.87/0.85 for the larger KLG4-speciﬁc model
(Table 1).

The Pearson Correlation Coefﬁcient (r) for thickness computations (calculated from the segmentations performed with the three automated
models) across all four plates using sagDESS were r¼0.85, 0.84, and 0.94,
and r¼0.69, 0.64, and 0.83 for the corFLASH. The average systematic
cartilage thickness overestimation by U-net segmentation was 0.24/0.27
mm (26%/31%) for sagDESS/cor FLASH, using the general ROA (KLG2-4)
model, 0.16/0.20 mm (16%/20%) for the small KLG-4 speciﬁc model, and
0.23/0.24 mm (24%/27%) for the large KLG4-speciﬁc model. The offsets
were generally largest in the medial femur (cMF), this ﬁnding being
consistent between the sagDESS and corFLASH (Table 2).

Conclusions: Overestimation of cartilage thickness by automated U-Net
segmentation in ROA knees appears to be due to the presence of dABs. A
KLG-speciﬁc model, trained with a small subset of KLG4 knees only,
reduced the overestimation of cartilage thickness vs. manual reference
segmentation compared with a more general ROA model (KLG2-4). This
speciﬁc segmentation model also led to a stronger correlation of cartilage thickness measurements obtained from the U-Net segmentations
vs. manual analysis, but this was only observed in the cMF. The larger
KLG4-speciﬁc model did not achieve a reduction in the thickness
overestimate vs. the general model, but substantially increased the
correlation of automated vs. manual cartilage thickness measures. The
results suggest that the speciﬁcity of the training model is important in
automated cartilage analysis. Further investigations should focus on
possible bias terms that might be the explanation for the larger KLGspeciﬁc model producing high correlations of the cartilage thickness
measurements compared to the reference measures, but no reduction
in the measurement offsets when compared to results of a more general
segmentation model.
PRESENTATION NUMBER: 390
DUAL-ENERGY COMPUTED TOMOGRAPHY CAN DETECT AND
CHARACTERIZE MONOSODIUM URATE, CALCIUM PYROPHOSPHATE
AND HYDROXYAPATITE: A PHANTOM STUDY ON DIAGNOSTIC
PERFORMANCE
A. Døssing 1, F.C. Müller 2, F. Becce 3, L. Stamp 4, H. Bliddal 1, M. Boesen 5.
1 The- Parker Inst., Bispebjerg and Frederiksberg Hosp., Univ. of
Copenhagen, Copenhagen, Denmark; 2 Dept. of Radiology, Herlev and
Gentofte Hosp., Univ. of Copenhagen, Copenhagen, Denmark; 3 Dept. of
Diagnostic and Interventional Radiology, Lausanne Univ. Hosp. and Univ.
of Lausanne, Lausanne, Switzerland; 4 Dept. of Med., Univ. of Otago,
Christchurch, New Zealand; 5 Dept. of Radiology, Bispebjerg and
Frederiksberg Hosp., Univ. of Copenhagen, Copenhagen, Denmark

The size of the dABs involved 22% of the total femorotibial subchondral
bone area in the test set, 26% in the small KLG4-speciﬁc training set, 24%
in the larger KLG4-speciﬁc training set, and only 12% in the general ROA
training set. The largest dABs were observed in the cMF (average 56%)
vs. 33% in the MT and only 2%, in the cLF and LT, respectively. In the cMF
of the sagDESS, the correlations between overestimates of cartilage
thickness, and the dABs were r¼ 0.82, 0.95, and 0.92 for the three
models, respectively (Fig. 2).

Purpose: The aim of this study was to determine the diagnostic performance of dual-energy computed tomography (DECT) to detect and
distinguish various crystal deposits in a phantom. The primary objective
was to determine the best cutoff DECT ratio and the minimum crosssectional area of a crystal deposit necessary to differentiate monosodium urate (MSU), calcium pyrophosphate (CPP) and calcium
hydroxyapatite (HA) using DECT. Our secondary objective was to
determine the concentration for limit of detection for MSU, HA and CPP
crystal deposits. Exploratory objectives included the comparison
between two generations of DECT scanners from the same manufacturer as well as different scanner settings.
Methods: We used a cylindrical soft-tissue phantom with synthetic
MSU, CPP and HA crystals suspended in epoxy resin. Crystal suspension
concentration increased with similar attenuation between MSU, CPP
and HA in conventional CT. The phantom was scanned on two dualsource DECT scanners, at all available tube-voltage combinations. Both
scanners had a tin (Sn) ﬁlter at the high-energy spectra. We calculated
DECT ratios by dividing linear regression coefﬁcients from the low and
the high tube-voltage. These derived from plotting CT numbers against
concentration of crystals. DECT ratios were compared using an analysis
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of covariance (ANCOVA). Receiver operating characteristic curves and
corresponding areas under the curves (AUCs) were calculated for
individual crystal suspension comparisons (HA vs. CPP, MSU vs. CPP and
MSU vs. HA).
Results: At standard clinical scan settings with 8 mGy and 80/Sn150 kV,
the DECT ratios were: CPP 2.02 (95% conﬁdence interval: 1.98;2.07), HA
2.00 (1.96;2.05) and MSU 1.09 (1.06;1.11). DECT ratios varied numerically depending on the scanner and tube-voltage combination. MSU
crystal DECT ratios were signiﬁcantly different from HA and CPP (p <
0.001), whereas DECT ratios for HA and CPP crystals did not differ signiﬁcantly (p ¼ 0.99). The differentiation of MSU crystals from both
calcium crystals (HA and CPP) was excellent with an AUC of 1.00
(1.00;1.00), an optimal cutoff DECT ratio of 1.43/1.40 depending on the
scanner, and required a cross-sectional area of minimum 4 pixels of
crystal (corresponding to a circular ROI with a diameter of 0.8 mm) for
differentiation at standard clinical scan conditions. In contrast, differentiation between CPP and HA crystals was moderate to low with AUCs
ranging from 0.66 (0.52;0.80) to 0.80 (0.69;0.91), an optimal cutoff
DECT ratio of 2.02/2.06 depending on the scanner, and required a crosssectional area of minimum 87 pixels of crystal (corresponding to a
circular ROI with a diameter of 3.7 mm) at standard clinical scan conditions; increasing dose level to 50 mGy enabled a decrease in pixel
number to 14 (1.5 mm diameter circular ROI) . Differentiation of crystals
is demonstrated in the ﬁgure below. Our results suggest a concentration
dependent pattern for discrimination of MSU and calcium-containing
crystals with higher concentration yielding better differentiation.

Crystal

CPP
CPP
HA
HA
MSU
MSU

Scanner

Force
Flash
Force
Flash
Force
Flash
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Spectral
separation
[kV]

80/Sn150
80/Sn140
80/Sn150
80/Sn140
80/Sn150
80/Sn140

LOD [mg/cm3]
A single pixel

LOD [mg/cm3]
region of interest
(50 pixels)

CTDIvol
50 mGy

CTDIvol
8 mGy

CTDIvol
50 mGy

CTDIvol
8 mGy

7
9
6
9
37
49

13
12
12
12
73
58

3
7
2
8
13
40

6
7
5
8
31
37

Limit of detection (LOD)
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Conclusions: This phantom study shows that DECT can be used to
detect MSU, CPP and HA crystal deposits. Differentiation of CPP and HA
was not possible in a clinically meaningful way, as a diameter of 3.7 mm
of crystal deposits were required at clinical CT dose level. MSU could
accurately be differentiated from CPP and HA crystal deposits at
standard clinical scan conditions.
PRESENTATION NUMBER: 391
FULLY AUTOMATED PIPELINE FOR QUANTITATIVE MRI EVALUATION
OF KNEE ARTICULAR CARTILAGE FOR LONGITUDINAL OA TRIALS
cova
 1, P. Szomolanyi 1, M. Schreiner 1, D. Laurent 2,
V. Juras 1, V. Jana
C. Scotti 2, E. Raithel 3, S. Trattnig 1. 1 Med. Univ. of Vienna, Vienna,
Austria; 2 Novartis Inst.s for BioMed. Res., Basel, Switzerland; 3 Siemens
Healthcare GmbH, Erlangen, Germany

The ﬁgure shows the minimum cross-sectional area required to distinguish two types of crystals with 95% power and statistical signiﬁcance of 0.05. The cross-sectional area is given by the number of
pixels (left y-axis) or the diameter in mm of a circular ROI (right y-axis).
X-axis specify scanner, spectral separation and volume computed
tomography dose index (CTDIvol). Columns left of the vertical black line
indicate maximum dose (50 mGy), columns right of the black line
indicate clinical dose (8 mGy). Orange columns (A) indicate comparison
between CPP and MSU. Green columns (B) indicate comparison
between HA and MSU. Blue columns (C) indicate comparison between
HA and CPP. Darker colors indicate higher concentrations. For each
comparison the number next to the crystal abbreviation indicates
concentration of the crystal in mg/cm3. Limit of detection is within
clinically relevant concentrations, see table.

tfmkPurpose: Osteoarthritis longitudinal studies, whether related to
the progression of the disease or the effect of new therapies, require
very precise measurements of cartilage structure and in some cases of
its composition. Meanwhile new tools are also needed to meet the
growing needs for fast and reliable image analysis. The purpose of this
study was to develop a fully automated reproducible tool for analysis of
morphological and compositional quantitative MR parameters in welldeﬁned cartilage sub-ﬁelds across the human knee. This tool was
deployed to proton (1H) and sodium (23Na) MR images and the reproducibility was assessed by test re-test scan of patients at baseline and
after eight days.
Methods: Ten patients with low-grade femoral cartilage defects were
included in the study and were scanned twice on a 7T MRI scanner eight
days apart. A three-dimensional double-echo steady-state (3D-DESS)
sequence with isotropic resolution (0.45mm3) was used to acquire
high-resolution MR images for automated cartilage segmentation, and
T2 mapping, as a potential marker of cartilage quality, was performed
using a 3D-triple-echo steady-state (3D-TESS) sequence. Sodium MR
was also performed using a double-tuned sodium/proton coil to generate morphological images necessary for co-registration with sodium
images and thus allow for assessment of glycosaminoglycan (GAG)
content in speciﬁc cartilage regions of the knee. Each dataset was
processed by the MRChondralHealth 2.1 prototype software (Siemens
Healthcare GmbH, Erlangen, Germany) for automated segmentation of
knee articular cartilage and its reconstruction in 3D. Resulting segmentation ﬁles containing 21 sub-ﬁelds determined based on anatomical landmarks that are visible on MR images but also during
arthroscopy were converted to nifty ﬁles and loaded in Matlab for
further post-processing. T2, T2* and sodium maps were co-registered
with 3D-DESS images and corresponding values were automatically
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extracted for each of the 21 sub-ﬁelds (Figure 1). In case of sodium, DESS
images needed to be resampled and cropped before using in
MRChondralHealth. Before co-registration with sodium images, all
steps must be reverted (Figure 2). Then, a multimodal co-registration
method was applied using spatial mapping of ﬁxed images (DESS) and
moving images (TESS). Afﬁne transformation with 12 degrees of freedom was used. Optimizer function parameters were determined by a
previous iterative process, while a similarity index map was used as a
quantitative co-registration quality marker. The resultant optimizer
parameters were: initial radius ¼ 0.001; epsilon ¼ 1.5e-4; growth factor
¼ 1.01; and maximum iterations ¼ 300. Finally, the resulting transformation was applied to the actual map. Cartilage volume, thickness,
and mean T2, and sodium values were automatically extracted for each
of the 21 cartilage sub-ﬁelds. Similarly, seven texture features were
extracted from T2 maps from each sub-ﬁeld using a Gray-Level CoOccurrence Matrix (GLCM) approach. The reproducibility of each variable was expressed as a coefﬁcient of variation (CV, %).
Results: The mean analysis time for the 3D automated segmentation
was 8.2 ± 2.0 minutes per dataset. In most cases, small corrections of
the automated segmentation were required, most often in the lateral
posterior femur, and the lateral anterior and posterior tibia, and this
took approximately 3 minutes per case. Test re-test analysis of automated cartilage segmentation and quantitative parameter extraction
revealed excellent reproducibility for cartilage volume (mean CV of
patella was 1,7%, tibia 0.8% and femur 1.5%) and thickness determination
(mean CV of patella was 1,2%, tibia 1.7% and femur 2.4%). Similarly, T2
values from test re-test showed mean CV of 2.3% for the patella, 3.0% for
the tibia and 1.4% for the femur. Sodium values from test re-test showed
mean CV of 4.1% for the patella, 4.6% for the tibia and 3.2% for the femur.
Finally, textural features such as homogeneity (mean CV of 1.0%),
entropy (mean CV of 1.8%) and correlation (mean CV of 2.1%) were
highly reproducible, while others such as autocorrelation (mean CV of
4.0%), contrast (mean CV of 6.8%), energy (mean CV of 6.7%) and dissimilarity (mean CV of 4.1%) revealed larger variability.
Conclusions: This newly developed fully automated analysis of knee
articular cartilage combines quantitative morphological and compositional information from 21 anatomically well-deﬁned subﬁelds of the
knee joint and provides reproducible and robust evaluation of the
cartilage volume, thickness and composition throughout the whole
knee, in particular collagen speciﬁc (T2 maps) and glycosaminoglycan
speciﬁc (sodium MRI) parameters. Therefore, this approach may be
considered as a good alternative to manual evaluation which, as being
extremely expertise-dependent and time-consuming, could represents
a considerable burden for large clinical osteoarthritis trials. MRChondralHealth can automatically segment knee cartilage from large variety
of isotropic sequences with sufﬁcient bone/cartilage contrast and
obtained from both 7T and 3T scanners. Multi-center trials usually
accommodate protocols based on the vendor-speciﬁc sequence capabilities, therefore a robust and protocol-independent tool is required for
central-reading site. MR Chondral Health also includes a registration
step and automatic evaluation of parametric maps as for example T2
maps. The integrated registration algorithm however, is not optimized
to the input data used in this work. As another advantage, this tool can
be easily extended to other parametric and quantitative MR techniques
such as gagCEST or various types of T2 and T1 mapping method.

PRESENTATION NUMBER: 392
IDENTIFYING TRAJECTORIES OF T2 RELAXATION TIME OVER AGE IN
THE MEDIAL TIBIOFEMORAL CARTILAGE IN PARTICIPANTS WITH
PRE-RADIOGRAPHIC KNEE OSTEOARTHRITIS
J.J. Lee, F. Liu, F. Caliva, T. Link, S. Majumdar, V. Pedoia. Univ. of California,
San Francisco, CA, USA
Purpose: The multi-factorial etiology and pathogenesis of knee osteoarthritis (OA) poses a challenge to developing disease-modifying drugs.
Identiﬁcation of the common distinct patterns of disease progression
and associating them with the risk of knee OA will deepen our understanding of OA, ultimately enabling the development of targeted
treatments. Accordingly, the progression of knee OA is an actively
investigated area in the ﬁeld. Prior studies assessed structural progression based on radiographic joint space narrowing, but cartilage
evaluation on magnetic resonance imaging (MRI) features may demonstrate patterns more responsive to structural changes. T2 relaxation
times have been suggested as biomarkers of early cartilage degeneration due to their ability to quantify cartilage biochemical composition
prior to morphological changes. Although aging is the greatest risk
factor for OA, no previous studies have described the age-related
change in cartilage compositional variation as yet. This study attempts
to address these shortcomings, aiming to (1) identify distinct trajectories of MRI T2 relaxation times in tibiofemoral cartilage with age in
knees at high risk of OA and (2) to associate baseline clinical characteristics of participants with the identiﬁed trajectory subgroup
membership.
Methods: Study samplesThis study used data from the Osteoarthritis
Initiative (OAI). Quantitative features were derived from radiographs
and MRIs and assessed at baseline and the year 1, 2, 3, 4, 6, and 8 followup visits. This study was conducted on the entire OAI incidence subcohort (N¼3284), participants who had neither frequent symptoms nor
radiographic tibiofemoral knee OA at baseline, but their characteristics
placed them at increasing risk of getting symptomatic OA. Brieﬂy, the
characteristics included knee symptoms, overweight, knee injury history, knee surgery history, family history of total knee replacement
(TKR), and Heberden’s nodes at the hands. Participants with more than
two measurements of T2 relaxation times during the study were
included. Primary outcome: T2 relaxation timesMRIs of the right knee
were acquired at 3.0T (Siemens Trio) and included a multi-slice, multiecho (MSME) spin-echo (SE) sequence for T2 relaxation time mapping.
A fully automated model was developed for cartilage segmentation and
subsequent T2 relaxation times measurement. A 3D V-net was trained
to segment ﬁve distinct regions, including patella, medial and lateral
femur, and medial and lateral tibia on 3921 manually segmented MR
volumes. The optimized model was then used to segment cartilage
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voxels for the entire OAI cohort’s right knee images (25,110 total MRI
exams). The T2 relaxation times were computed by ﬁtting an exponential curve to the multi-echo signals. Since degeneration primarily
manifests medially in OA, the median T2 values were computed from
the medial femur (MF) and medial tibia (MT) compartment and subsequently used to model the trajectory proﬁles. Statistical analysisWe
ﬁrst determined trajectory of cartilage T2 relaxation time in MF and MT
individually. After individual MF and MT trajectory groups are identiﬁed, all pair-wise combinations of MF and MT trajectories groups were
examined concurrently. The characterization of individual trajectory
over age was performed in a two-stage process. First, acknowledging
inherent noise and missingness issue in the dataset, each participant’s
T2 values were temporally smoothed using functional principal component expansion (FCPA) for irregularly and sparsely sampled data. We
considered different combinations of hyperparameters, the order of
basis function (M ¼ 5, 10, 15) and the number of basis functions (r ¼ 2, 3,
4, 5), then selected the best model using cross-validation. The outputs of
FPCA were smooth basis functions shared by the samples and a set of
FPCA scores per participant. Next, a ﬁnite Gaussian mixture model
(GMM) was ﬁtted to the FPCA scores to identify clusters following a
similar temporal pattern of T2 relaxation time over age. The optimal
number of clusters (G ¼ 1-9) and within-cluster covariance parameterization were selected according to Bayesian information criterion
(BIC). The identiﬁed trajectories of T2 relaxation time in MF and MT
against age were depicted graphically. Participants were assigned to the
trajectories of the highest posterior probability. The mean posterior
probabilities in identiﬁed trajectories were computed. We assessed
whether baseline characteristics differed by joint trajectory membership in MF and MT, using chi-square test for categorical variables and
Kruskal-Wallis for continuous variables with skewed distribution.
Results: A total of 2973 participants were included in the ﬁnal analysis.
The number of measurements varied between 2 and 7. The average
follow-up was 6.1 years, and the span of the age of the study was 44
years. FPCA selected the model with M ¼ 5, r ¼ 2 and M ¼ 10, r ¼ 2 for
MF and MT, respectively. The error variance and eigenvalues are shown
in Table 1. Figure 1 shows the ﬁtted mean and estimated eigenfunctions
under the selected models. The GMM model identiﬁed two clusters (G
¼ 2) with equal diagonal shape but varying volumes as optimal for both
MT and MF. The mean posterior probabilities ranged from 0.71-0.74,
supporting reliable goodness of clustering analysis. The identiﬁed trajectories of T2 relaxation times assessed in MT and MF are shown in
Figure 2. The overall temporal patterns identiﬁed in MT and MF seemed
similar: a continuously increasing trajectory and a rapidly increasing
but attenuated trajectory near peak value, which we labeled as “late
peak” and “early peak,” respectively. The within-cluster variance was
more extensive in the “early peak” trajectory for both MF and MT. The
range of variation over age in MF was more comprehensive than those
in MT. The “late peak” was the most common trajectory in both MF
(83.8%) and MT (76.8%). After trajectory phenotypes were determined
separately for MF and MT, we identiﬁed four groups of pair-wise joint
trajectories. As compared to the trajectory labeled “MF late peak and MT
late peak,” comprising 67% of the analytic sample, participants with the
“MF late peak and MT early peak” trajectory were more likely to have
undergone surgery for repair or debridement of meniscus or cartilage (p
¼ 0.01) (Table 2). Those in “MF late peak and MT early peak” were much
more likely to be women (p < 0.001) and had pain, aching, or stiffness
over the past 12 months (p ¼ 0.01). Participants in the “MF early peak
and MT early peak” group were more likely to have higher WOMAC
stiffness scores (p ¼ 0.02).
Conclusions: We characterized distinct trajectories of median T2 relaxation times measured in the medial tibiofemoral cartilage compartments.
To our knowledge, this study is the ﬁrst to use T2 relaxation times to
capture pre-radiographic changes in cartilage and the ﬁrst to describe the
temporal patterns over age. By utilizing subject similarity, FPCA decomposed noisy and sparse T2 relaxation times series spanning over 44 years
of participant age in a data-driven manner. GMM, a model-based clustering approach with minimal a priori assumptions on underlying data
structure, discovered the temporal patterns in a large cohort. We found
that most (67%) participants demonstrated gradually increasing T2
relaxation, or continuously progressing cartilage degeneration, over age
both in the MF and MT, while some more rapidly increase T2 relaxation
with varying degree. Our ﬁnding is consistent with previous ﬁndings while structural OA progression is highly variable, a small percentage of
knees that have begun progressing are likely to experience further worsening. Examining baseline characteristics revealed that the identiﬁed
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four trajectories were signiﬁcantly different in sex, meniscus or cartilage
surgery history, baseline pain, and stiffness severity, suggesting possible
categories of MR imaging-based phenotypes of cartilage degeneration.In
conclusion, our data-driven method demonstrated that the patterns of T2
relaxation time trajectory were heterogeneous. On average, the majority
gradually increased with age in modest magnitude, both in MF and MT.
The model identiﬁed smaller subgroups that experienced accelerating T2
relaxation time increase with age.
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All knees were analysed with joint space mapping (JSM) and cortical
bone mapping (CBM). These techniques are able to measure joint space
width (JSW) and bony parameters of trabecular density (TD), endocortical bone thickness (ET) and subchondral bone plate thickness (ST)
in 3D at the distal femur (f) and proximal tibia (t) from a single CBCT
acquisition. After registration of an average joint surface to each individual's surface, data can be analysed and presented on this average
surface model. Horn's parallel analysis performed on the results of
principal component analysis of the registration vectors showed that
the ﬁrst three shape modes were responsible for shape mode variation
above background noise. In order to look at the dependence of each
parameter on KLG with statistical parametric mapping (SPM), a general
linear model was used with an experimental term of KLG and confounding terms of age, BMI, and these three shape modes to control for
effects of systematic misregistration. Sex was not used in the model
because of the correlation with the ﬁrst shape mode (r ¼ 0.80).
Feature mean maps, correlation maps for bony parameters with JSW,
and results of SPM for dependence of each parameter on KLG are displayed on the average surface model. An example of this model is
shown here displaying mean JSW from across the study at the right
knee superimposed on the grey distal femur (viewed from below).

PRESENTATION NUMBER: 393
QUANTITATIVE MULTIPARAMETRIC ANALYSIS OF THE KNEE JOINT IN
3D FROM WEIGHT BEARING CT IN THE ASSESSMENT OF STRUCTURAL
JOINT DISEASE
1

2

3

4

4

T.D. Turmezei , S.B. Low , S. Rupret , G.M. Treece , A.H. Gee ,
J.W. MacKay 5, J.A. Lynch 6, K.E. Poole 7, N.A. Segal 8. 1 Norfolk and
Norwich Univ. Hosp. NHS Fndn. Trust, Norwich, United Kingdom; 2 Royal
Liverpool Univ. Hosp., Norwich, United Kingdom; 3 Univ. Hosp. Bristol
and Weston NHS Fndn. Trust, Bristol, United Kingdom; 4 Cambridge
Univ. Engineering Dept., Cambridge, United Kingdom; 5 Univ. of East
Anglia, Norwich, United Kingdom; 6 Univ. of California San Francisco,
San Francisco, CA, USA; 7 Dept. of Med., Univ. of Cambridge, Cambridge,
United Kingdom; 8 Univ. of Kansas Univ. Med. Ctr., Kansas City, KS, USA
Purpose: Quantitative multiparametric analysis is usually only considered in the setting of magnetic resonance imaging. In this study we
used multiparametric methods applied to cone beam computed
tomography (CBCT) imaging to assess the knee joint during weight
bearing, taking a surface-based approach to the measurement, display,
and analysis of key 3D structures relevant to osteoarthritis.
Methods: A convenience sample of 33 individuals with weight-bearing
CBCT of both knees acquired between 2014 and 2018 and a full range of
Kellgren and Lawrence grades (KLG) was used for this study. The mean
± SD age of participants at the time of imaging was 57.4 ± 7.2 years with
23 women and 10 men. The KLG breakdown for all 66 knees included in
the analysis was KLG0 ¼ 31, KLG1 ¼ 12, KLG2 ¼ 14, KLG3 ¼ 7, and KLG4
¼ 2. All participants had both knees imaged simultaneously in a 20
degree ﬁxed-ﬂexion position with a CBCT imaging system. Imaging data
were reconstructed with 0.37 mm isotropic voxels in a 200 x 350 mm
axial ﬁeld of view.

Results: Mean maps for each feature are displayed on the average
model broken down by KLG<2, KLG¼2, and KLG>2 categories.
Bony parameters for the femur are presented here:

Bony parameters for the tibia are presented here:
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Applying JSM and CBM techniques to much larger numbers of knees
from the Multicenter Osteoarthritis Study to predict disease progression and patient-reported outcomes will advance knowledge
regarding the clinical signiﬁcance of these ﬁndings.
PRESENTATION NUMBER: 394
KNEE JOINT SHAPE, OSTEOPHYTES AND KNEE PAIN, WHAT’S THE
CONNECTION
F.R. Saunders 1, M. Frysz 2, A. Sarmanova 2, R. Ebsim 3, C. Lindner 3,
J.S. Gregory 1, N.C. Harvey 4, R.M. Aspden 1, T. Cootes 3, J. Tobias 2. 1 Univ.
of Aberdeen, Aberdeen, United Kingdom; 2 Univ. of Bristol, Bristol, United
Kingdom; 3 Univ. of Manchester, Manchester, United Kingdom; 4 Univ. of
Southampton, Southampton, United Kingdom

JSW results are presented in the ﬁnal ﬁgure alongside correlation results.
SPM revealed that the central-to-posterior medial tibiofemoral joint
space was signiﬁcantly narrowed by up to 0.5 mm with signiﬁcantly
higher tTD by up to 50 attenuation units for each increment in KLG
(p<0.05) both as single features (left) and together in multivariate
analysis (right). A small patch at the medial aspect of the lateral tibiofemoral joint space also showed signiﬁcance for JSW alone and JSW/tTD
in combination (p<0.05).

No other single features showed convincing signiﬁcance with SPM,
although there were similar but smaller patches of medial and lateral
joint space signiﬁcance for JSW in combination with tST and tET.
Vertexwise correlation maps showed that JSW and tTD were more
closely correlated with higher KLG category, with the percentage of
joint space vertices correlating at r > j0.50j increasing from 2%, to 11%, to
30% for KLG<2, KLG¼2, and KLG>2 respectively.

Conclusions: These ﬁndings support that 3D JSW and tTD are signiﬁcantly dependent on structural disease severity at the weightbearing knee joint both alone and in combination. These parameters
also show increased spatial correlation with worse radiological disease.

Purpose: Knee pain has been shown to be associated with knee deformities such as valgus deformity. Osteophytes are a common feature
observed in radiographic osteoarthritis (OA) and are thought to contribute
to knee pain. DXA has not been previously utilised in large imaging studies
of the knee due to the lower resolution than standard radiographs. In this
study we applied statistical shape modelling (SSM) to high resolution knee
DXA images from the UK Biobank (UKB) imaging enhancement study. We
sought to investigate the relationship between knee pain and knee shape,
and whether the presence of osteophytes contributes to this association.
Methods: This work uses the UK Biobank resource, Access Application
17295. Left knee DXA scans, obtained in a supine position using a GELunar iDXA, were identiﬁed from 2000 randomly selected UKB study
participants, with equal numbers from both sexes. 20% of these images
were speciﬁcally selected at random from participants self-reporting OA
(not joint speciﬁc). A 106-point template describing the distal femur,
proximal tibia, tibial spines and tibial plateaus were manually applied
using custom software (University of Manchester). The annotated images
were transformed using the Procrustes Transform and subjected to
Principal Component Analysis to generate a statistical shape model and
orthogonal modes of variation. The modes of variation were standardised
to a mean of 0 and expressed as standard deviations from the mean.
Osteophytes were manually shaded using a custom tool and graded
according the Nottingham Line Drawing Atlas on a scale of 0-5, with
grades &gt or equal to 2 indicating the presence of a deﬁnite osteophyte.
Self-reported knee pain of 3þ months was assessed by questionnaire at a
time of clinic attendance. Logistic regression was used to examine the
relationship between the ﬁrst 10 knee joint shape modes (KM01 - KM10,
which explained 90% of variation in knee shape) and knee pain adjusting
for age, sex, height and weight. OR is per SD unit change in score. Further
adjustment was made in order to establish if knee shape vs knee pain
associations were modiﬁed by the presence of osteophytes.
Results: Complete data were available for 1996 participants after
exclusions. The mean age of the cohort was 62.7 years (range 45-78
years), with similar numbers of men (n¼997) and women (n¼999). 374
participants (18.7%) reported knee pain for longer than three months.
638 participants (31.9%) had osteophytes &gt or equal to grade 2 in at
least one site and 81 participants (4.1%) had osteophytes at all four sites
(medial & lateral femur and tibia). KM04 showed reduced odds of having
knee pain [adjusted OR 0.82 (0.73,0.92) p&lt0.001] (Table 1). KM07
showed a small increased risk of knee pain [OR 1.16 (1.03, 1.30), p¼0.01
after adjustment]. KM04 shows several features including varus alignment, whereas KM07 mainly comprises valgus alignment with some
medial joint space narrowing, together suggesting valgus alignment is
associated with an increased risk of knee pain (Figure 1). We identiﬁed
strong associations between KM04 and KMO7 and medial but not lateral
osteophytes (Table 2). In keeping with this suggestion that osteophytes
contribute to the relationship between knee shape and knee pain,
individuals with osteophytes at all sites had a higher risk of experiencing
knee pain [adjusted OR 5.15 (3.24,8.20) p&lt0.001], as did those with an
osteophyte at any site (range 2.3-3.3; see Table 3). Furthermore, associations between KM04 and KM07 and knee pain were partially attenuated following further adjustment for medial osteophytes (Table 1).
Conclusions: Using SSM applied to high resolution knee DXA scans, we
were able to identify certain characteristics of knee shape which are
associated with an increased risk of prevalent knee pain, including valgus
alignment. In addition, knee shape was associated with medial osteophytes, which were also associated with knee pain, suggesting medial
osteophytes contribute to the relationship between knee shape and knee
pain. Further studies are planned, based on the 100,000 high resolution
knee DXA images due to be available in UKB, to explore relationships
between knee shape, osteophytes and pain, suggested by our results.

S326

Exposure
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Outcome

Model 1

Model 2

Model 3

OR (95% CI)
per SD change
in mode score

OR (95% CI)

OR (95% CI)

0.82
(0.73, 0.92)
p&lt0.001
1.18
(1.06, 1.30)
p&lt0.001

0.82
(0.73, 0.92)
p&lt0.001
1.16
(1.03, 1.03)
p¼0.010

0.90
(0.80, 1.01)
p¼0.064
1.08
(0.96, 1.22)
p¼0.193

KM04

knee pain at
follow-up 2

KM07

knee pain at
follow-up 2

Model 1
Model 2
Model 3

Unadjusted
Adjusted for age, sex, weight & height
Model 2 + adjusted for medial femoral and medial tibial
osteophytes

Table 1

Exposure

KM04
KM04
KM04
KM04
KM07
KM07
KM07
KM07
Model 1
Model 2

Table 2

Associations between knee
pain and joint shape (unadjusted and adjusted models)

Outcome

Osteoarthritis
andCartilage

Model 1

Model 2

OR (95% CI)

OR (95% CI

lateral femoral
0.94 (0.83, 1.07)
osteophytes
p¼0.338
lateral tibial
1.00 (0.88, 1.13)
osteophytes
p¼0.999
medial femoral
0.63 (0.55, 0.72)
osteophytes
p&lt0.001
medial tibial
0.71 (0.64, 0.80)
osteophytes
p&lt0.001
lateral femoral
1.23 (1.08, 1.39)
osteophytes
p&lt0.001
lateral tibial
1.11 (0.98,1.26)
osteophytes
p¼0.091
medial femoral
1.46 (1.28, 1.68)
osteophytes
p&lt0.001
medial tibial
1.35 (1.21, 1.52)
osteophytes
p&lt0.001
Unadjusted
Adjusted for age, sex, weight & height

Associations between knee
shape modes KM04, KM07
and osteophytes

0.95 (0.84, 1.07)
p¼0.400
1.00 (0.88, 1.13)
p¼0.984
0.63 (0.55, 0.73)
p&lt0.001
0.71 (0.63, 0.80)
p&lt0.001
1.18 (1.04,1.34)
p¼0.011
1.10 (0.97, 1.25)
p¼0.154
1.41 (1.22, 1.62)
p&lt0.001
1.32 (1.17, 1.48)
p&lt0.001

Osteoarthritis
andCartilage

Exposure

Outcome

OR (95% CI) adjusted
for age, sex, height &
weight

Osteophytes on lateral
femur &gt ro equal to grade 2
Osteophytes on medial
femur &gt or equal to grade 2
Osteophytes on lateral
tibia &gt or equal to grade 2
Osteophytes on medial
tibia &gt or equal to grade 2
Osteophytes at all sites
&gt or equal to 2

Knee pain at
follow-up 2
Knee pain at
follow-up 2
Knee pain at
follow-up 2
Knee pain at
follow-up 2
Knee pain at
follow-up 2

3.24 (2.45, 4.28)
p&lt0.001
3.37 (2.50, 4.54)
p&lt0.001
2.31 (1.74, 3.06)
p&lt 0.001
2.46 (1.89, 3.21)
p&lt0.001
5.15 (3.24, 8.20)
p&lt0.001

Table 3

Odd Ratios for knee pain in the
presence of osteophytes

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 395
EFFECT OF TRAINING SET SAMPLE SIZE ON THE AGREEMENT,
ACCURACY, AND SENSITIVITY TO CHANGE OF AUTOMATED U-NETBASED CARTILAGE THICKNESS ANALYSIS
F. Eckstein 1, 2, A. Chaudhari 3, C.F. Baumgartner 4, E. Konukoglu 4,
A. Wisser 1, 2, D. Fürst 1, 2, W. Wirth 1, 2. 1 Paracelsus Med. Univ.; Inst. of
Anatomy and LBIAR, Salzburg, Austria; 2 Chondrometrics GmbH, Ainring,
Germany; 3 Standford Univ., Standford, CA, USA; 4 ETH, Zurich, Switzerland
Purpose: Fully automated segmentation of articular cartilage from MRI
using deep learning (DL), has shown promising results, with a recent
focus on convolutional neural network (CNN) U-Net architectures. We
have previously reported that models that have been trained on a
speciﬁc radiographic disease stage (KLG) show superior automatic
segmentation results compared with more general models that have
been trained on knees with various radiographic stages. However, it is
currently unknown, how the sample size of such (speciﬁc) training
model affects the performance of the U-net-based segmentation and
cartilage thickness analysis. The purpose of this work therefore was to
systematically study the effect of the sample size of the training sample
on the agreement, accuracy, and sensitivity to longitudinal change of
fully automated analysis of femorotibial cartilage thickness.
Methods: Sagittal DESS MRI acquisitions of 371 knees from 371
Osteoarthritis Initiative (OAI) participants (52% female; age 63.2±8.8y;
BMI 30.2±4.8) were used for this analysis. The DESS MRIs all had expert
manual segmentation of the medial tibia and weight-bearing femur
(MT/cMF¼ MFTC), and lateral tibia and weight-bearing femur (LT/cLF¼
LFTC), with subsequence expert quality control. The knees all displayed
medial OARSI JSN grade 2, based on the centralized OAI readings. The
training data sets contained 1) n¼10; 2) n¼25; 3) n¼2 x25 (baseline and
1y follow-up) ; 4) n¼50; 5) n¼100; 6) n¼175; 7) n¼250; and 8) n¼325
knees, respectively. Each smaller training data set represented a subset
of the larger data set. The validation set contained 23 knees, and the test
set, to which the algorithm was eventually applied in order to test its
performance contained also 23 knees (57% female; age 60.6±7.5y; BMI
31.4±4.8). The Dice Similarity Coefﬁcient (DSC), the Hausdorff Distance
(HD, in mm), the Average Symmetric Surface Distance (ASSD, in mm),
and the Volume Overlap Error (VOE, in %) between automated and
manual segmentation was used to evaluate the agreement between
fully automated vs. manual segmentation. The correlation between the
baseline cartilage thickness determined from fully automated vs.
manual segmentation was used as a measure of accuracy. The standardized response mean (SRM ¼ mean/SD change) of cartilage thickness
change over 1 year was used as a measure of sensitivity to longitudinal
change. Given that the knees had medial JSN, the cartilage thickness
analysis was focused on the MFTC.
Results: The sample size of the training set had a relatively small effect
on the performance of the automated U-Net-based algorithm (Table 1).
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PRESENTATION NUMBER: 396
TEST-RETEST RELIABILITY AND SMALLEST DETECTABLE CHANGE
(SDC) OF MRI-BASED CARTILAGE THICKNESS ANALYSIS IN A LARGE
MULTICENTER RANDOMIZED CONTROLLED CLINICAL TRIAL OF
KNEE OSTEOARTHRITIS
F. Eckstein 1, 2, K. Bernard 3, H. Deckx 4, O. Imbert 3, A. Lalande 3,
A. Wisser 1, 2, S. Maschek 1, 2, W. Wirth 1, 2. 1 Paracelsus Med. Univ., Inst. of
Anatomy and LBIAR, Salzburg, Austria; 2 Chondrometrics GmbH, Ainring,
Germany; 3 Inst. de Recherches Intl.es Servier, Suresnes, France;
4
Galapagos NV, Mechelen, Belgium

The DSC was 0.84-0.85, and the correlation for the baseline cartilage
thickness from r¼0.88-0.91, irrespective of the training model size
(Table 1, Fig. 1). Yet, the HD and the ASSD analysis suggested that the
distance measures became smaller (better agreement) when increasing
the model size to at least 50 knees (Fig. 1).

All training model sizes led to greater SRMs (higher sensitivity to
change) for longitudinal MFTC cartilage thickness change than manual
expert segmentation (SRM ¼ -0.44), with the exception of the n¼25
sized model (SRM¼ -0.30; Table 1; Fig. 2).

Adding 25 follow-up to 25 baseline data sets in the training increased
the sensitivity to change from -0.30 to -0.61. The greatest SRM was
observed for 50 baseline data sets (-0.66).
Conclusions: U-Net based convolutional neural networks have shown
success in fully automated analysis of articular cartilage from knee MRI.
The results of this analysis suggest that training model sample sizes of
n¼50 are recommended to warrant high levels of segmentation
agreement as well as high accuracy and sensitivity to change in femorotibial cartilage thickness. Larger training models did not involve an
improvement in the performance measures, when training models
were used that are speciﬁc to the radiographic disease stage of the
knees to be analyzed.

Purpose: The ROCCELLA study is a large multi-centre, randomized,
double-blind, placebo-controlled clinical trial that was conducted at
107 sites in Europe, Asia, and North- and South-America (clinicaltrials.gov: NCT03595618). It was designed to test the safety and efﬁcacy
of a disease modifying osteoarthritis drug (DMOAD) candidate that
inhibits ADAMTS-5 (GLPG1972/S201086). The study population was
enriched with structural progressors of knee OA, by including knees
with presence of baseline medial radiographic OARSI atlas joint space
narrowing [JSN] grade 1 or 2, and certain levels of pain (VAS 40-90/
100mm). The primary endpoint was the longitudinal change (over up to
one year) in central medial femoro-tibial (cMFTC) cartilage thickness,
measured by MRI. As this was a clinical study that involved a large
number of centers, it was deemed important to evaluate the test-retest
reliability of the primary endpoint and other structural measures, as
well as the smallest detectable change (SDC) threshold at which progression can be assumed to have occurred with 95% conﬁdence in single
cases. The objective of this analysis is thus to assess the test-retest
reliability with repositioning of the knee at baseline as well as at 12month follow-up, a prerequisite for computing the SDC.
Methods: The study included 932 participants (231-234 in each of four
treatment groups). Of these, 841 study participants had baseline and at
least one longitudinal follow up MRI measurement, 586 at 1.5 Tesla (T),
and 255 at 3.0 T across 98 MRI sites. These included magnets from
several vendors (Siemens, GE, and Philips). Of the 841 participants, 69
(52 x 1.5T; 17 x 3T) had test-retest at baseline (across 65 sites), and 47
(37 x 1.5T; 10 x 3T) had test-retest at baseline as well as at 12-month
follow-up (across 46 sites). Sagittal spoiled gradient echo MRI sequences with fat suppression or water excitation (slice thickness 1.5 mm, in
plane resolution 0.31 mm) were acquired. Femorotibial cartilage
thickness was analyzed from experienced readers using proprietary
software (Chondrometrics GmbH, Ainring, Germany). The MRIs for each
participant knee were read by the same reader in one reading session,
with full blinding to test-retest status and time point (two baseline, one
6-month, and two 12-month MRIs in one set). Test-retest reliability was
expressed as the root mean square (RMS) standard deviation (SD) and
coefﬁcient of variation (CV%). The SDC was computed from the 1.96-fold
SD of the differences between the 1-year change in the test acquisitions,
and 1-year change in the retest acquisitions, according to published
literature. The SDC analysis was limited to measure of the medial
femorotibial compartment (MFTC), as the participants had medial
compartment disease.
Results: The test-retest reliability and SDC for the medial compartment
structural MRI measures are shown in Table 1.

These were similar at baseline and at 12-month follow up. The baseline
test-retest variability for the 47 knees that also had 12-month follow-up
was very similar to that in the 69 baseline knees (data not shown). The
errors (CV%) were somewhat larger for the small central subregion
(cMFTC) than for the total compartment, and were similar between the
tibia and the femur (Table 1). There was no obvious relationship
between the magnitude of the test-retest errors and the baseline cartilage thickness (Fig. 1).
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at both baseline and follow-up. The technology used thus appears
robust and can be used to measure structural progression of disease in
large multi-center multi-vendor clinical trials with high precision.
PRESENTATION NUMBER: 397
A DEEP-LEARNING-BASED TECHNIQUE FOR THE QUANTITATIVE
ANALYSIS OF FEMOROTIBIAL OSTEOPHYTE AND BONE VOLUMES
-DATA FROM THE OSTEOARTHRITIS INITIATIVE
J.K. Schachinger 1, S. Maschek 2, 3, A. Wisser 1, 3, D. Fürst 1, 3,
A.S. Chaudhari 4, J. Kemnitz 2, C.F. Baumgartner 5, E. Konukoglu 5,
F. Eckstein 1, 3, W. Wirth 1, 3. 1 Paracelsus Med. Univ., Inst. of Anatomy and
Ludwig Boltzmann Inst. Arthritis Rehabilitation, Salzburg, Austria;
2
Paracelsus Med. Univ., Inst. of Anatomy, Salzburg, Austria;
3
Chondrometrics GmbH, Ainring, Germany; 4 Stanford Univ., Stanford,
CA, USA; 5 ETH Zürich, Zürich, Switzerland
The reliability results for the lateral compartment and total femorotibial
joint are shown in Table 2 for comparison. The RMS SD was observed to
be similar to the medial compartment measures, whereas the CV%
values were smaller due to the greater baseline cartilage thickness in
the lateral than medial compartment.

Conclusions: To our knowledge, this is the ﬁrst study to report testretest reliability of structural measures of cartilage thickness from MRI,
obtained within a large multi-center clinical trial at both baseline and
follow-up, and to report SDC thresholds obtained within a DMOAD trial.
This trial covered almost 100 sites, including 1.5 and 3.0 T magnets from
three different vendors, of which about two thirds had test-retest
acquisitions at baseline, and about half also at follow-up. The present
analysis did not stratify the results by placebo and treatment groups. As
observed previously, test-retest errors were somewhat greater for
smaller subregions (e.g. cMFTC) than for the total compartment (MFTC);
they were in the same range in this large multi-center clinical trial as in
previously published single-center or smaller multi-center studies.
There were no obvious differences in reliability between the tibia and
femur, or between the medial and lateral compartment. Further, there
was no dependence of the test-retest errors on the absolute baseline
thickness measures. This analysis reports the SDC for this trial as a
study-speciﬁc threshold that can be applied to discern progressor from
non-progressor knees. When striving for a 95% conﬁdence level in each
single case, the SDC assumes a value of 8.8% for the primary endpoint,
which is very close to the progressor threshold used in this trial (8%),
obtained a priori, employing a different approach. In summary, the
results conﬁrm a high test-retest reliability for quantitative cartilage
morphometry in a large multi-vendor clinical trial with almost 100 sites
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Distal
Femur
Proximal
Tibia

Table 1

Bone
Osteophytes
Bone
Osteophytes

Purpose: Osteophytes (OPs) are prominent features in knee osteoarthritis (OA) and an important criterion for deﬁning radiographic knee
OA. They have also been suggested to be associated with pain and
subsequent knee replacement. Currently, most studies investigating the
role of osteophytes rely on semi-quantitative scoring from 2D X-rays or
3D MRI. A quantitative analysis of osteophytes from MRI may provide
greater sensitivity to change than scoring-based methodologies, but
requires segmentation, which is quite time-consuming when performed manually. Deep learning (DL), and speciﬁcally convolutional
neural networks (CNNs) such as the U-Net have been previously applied
for automated segmentation of articular cartilage and other joint tissues. The objective of the current work therefore was to examine the
agreement between fully automated, U-Net-based segmentation of
distal femoral and proximal tibial osteophyte and bone volumes with
that of expert manual segmentation, in knees with radiographic OA.
Methods: The study included coronal FLASH MRIs (Fig.1) from 64 right
knees (36 KLG 2; 19 KLG, and 4 KLG4) from 64 Osteoarthritis Initiative
(OAI) participants (n¼32/32 women/men, age: 61±9y). Manual segmentations of all 64 knees were performed by a single expert reader,
the ﬁrst readings were quality-controlled by a second expert reader. 2D
U-Nets were trained using 4 labels (femoral bone, femoral osteophytes,
tibial bone, tibial osteophytes). The training/validation set included
n¼36/14 knees. The agreement between the fully automated and
manual segmentation (Fig. 1) was evaluated in a test set of 14 knees
using the Dice similarity coefﬁcient (DSC) and by comparing the bone
and osteophyte volumes between methods.

Results: The results showed very high agreement between manual and
automated segmentations of the bones, with a DSC of 0.98±0.01 for the
distal femur and 0.99±0.00 for the proximal tibia. The agreement
observed for femoral/tibial osteophytes was notably lower, with DSCs of
0.49±0.12 and 0.44±0.11, respectively. Bone volumes were observed to

Manual

Mean

SD

95% CI

190.2
2.0
125.7
0.7

42.6
1.1
29.6
0.3

165.5
1.4
108.6
0.5

214.8
2.6
142.8
0.8

Automated - Manual

Mean

SD

95% CI

187.6
2.7
125.2
1.1

43.1
2.0
29.4
0.6

162.7
1.6
108.3
0.8

212.5
3.9
142.2
1.5

Mean

SD

95% CI

2.6
-0.7
0.5
-0.5

2.2
1.1
0.9
0.4

1.3
-1.4
0.0
-0.7

Bone and osteophyte volume for automated and manual segmentations in radiographic OA knees

P-value
3.8
-0.1
1.0
-0.2

0.001
0.026
0.056
0.001

Osteoarthritis
andCartilage

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

be somewhat greater from automated than from manual segmentations
for the distal femur (mean difference: 2.6 cm3 / þ1.4%, 95% CI: [1.3, 3.8 ]
cm3, p¼0.001, Table 1, Fig. 2), whereas no statistically signiﬁcant difference was observed for the proximal tibia (mean difference: 0.5 cm3 /
þ0.4%, 95% CI: [0.0, 1.0] cm3, p¼0.06, Table 1, Fig. 2).
Yet, correlation between automated vs. manually segmented bones was
very high (r¼1.00 for both the femur and tibia; Fig. 2). The osteophyte
volumes, in contrast, were underestimated by the automated CNN
segmentation, both in the distal femur (mean difference: -0.7 cm3 /
-27%, 95% CI: [-1.4, -0.1]cm3, p¼0.03, Table 1) as well as in the proximal
tibia (mean difference: -0.5 cm3 / -44%, 95% CI: [-0.7, -0.2 ]cm3,
p¼0.001). Still, osteophyte volumes were moderately to highly correlated between the fully automated vs. manual segmentation for both
the femur (r¼0.92; Fig. 2) and the tibia (r¼0.75; Fig 2).

Conclusions: The results suggest that an automated, U-Net-based
approach is capable of providing accurate analysis of distal femoral and
proximal tibial bone volume. In addition, the fully automated technology permits to obtain a reasonable estimate of femoral and tibial
osteophyte volumes. The lower agreement observed for the osteophytes
is most likely due to their smaller size and their highly variable shape
and location. Hence, a greater number of manually segmented knees is
recommended for training and testing the U-Nets for this purpose.
Future work will test to what extent the methodology is sensitive to
measure changes in femorotibial osteophytes volumes over time, and to
what extent such quantitative longitudinal measures relate to clinical
outcomes, such as pain, function, or risk of knee replacement.
PRESENTATION NUMBER: 398
OPTIMIZATION OF KNEE CARTILAGE TEXTURE ANALYSIS OF
QUANTITATIVE MRI T2 MAPS

V. Jana
cov
a, V. Juras, P. Szomolanyi, S. Trattnig. Med. Univ. of Vienna,
Vienna, Austria
Purpose: T2 mapping in magnetic resonance imaging (MRI) is commonly used technique in assessment of osteoarthritis (OA) in clinical
research. Recently, gray-level co-occurrence matrix (GLCM) texture
analysis is drawing more and more attention as it provides add-on
evaluation of collagen speciﬁc T2 mapping. Up to date, however, this
approach raises some questions concerning clinical interpretation of
GLCM features, which can be potentially used as non-invasive biomarkers of degenerative and regenerative processes.
Objective of our study was to compare the GLCM features of knee cartilage lesions treated with ACI (NOVOCART® Inject, TETEC AG, Reutlingen, Germany) at 12 months after surgery and healthy reference
regions. We assessed the effect of GLCM calculation offset (a direction)
and number of parameters used for T2 mapping on GLCM features
considering microanatomy of the cartilage. Furthermore, based on
GLCM mathematical deﬁnitions and cartilage structure, we selected
various features and created their visual representation in both lesions
and healthy reference cartilage.
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Methods: This study was approved by the appropriate ethics committees and regulatory authorities. Twenty-ﬁve patients underwent a knee
MR examination in a multi-center study (with 3 radiology sites). MRI
scanner, coil and T2 mapping sequence information is listed in Table 1.
T2 mapping was performed using mono-exponential decay ﬁtting with
2-parameters (M0: ‘zero magnetization‘ and T2: ‘transversal relaxation
constant‘) and with 3-parameters (including ‘offset’, i.e. noise
estimation).
Regions-of-interest (ROI) were deﬁned by an experienced radiologist on
two or three consecutive slices on morphological images using JiveX
(Visus, Bochum, Germany) based on pathophysiological appearance of
cartilage and subchondral bone. Number of slices depended on the size
of the lesion. The ROIs were then transferred onto T2 maps using the
script written in MatLab. In each subject, two locations were selected: 1)
cartilage lesion; 2) healthy reference cartilage. Inclusion criterion for
GLCM analysis was the size of ROI greater than 15 pixels, therefore only
20 lesions and their corresponding references were analyzed. ROIs were
rotated and ﬂattened (Figure 1) and consecutive GLCM analysis was
computed with two offsets: 0 (parallel to cartilage surface) and 90
(perpendicular to cartilage surface). Selected GLCM features were: 1)
autocorrelation; 2) correlation (in visualization); 3) contrast; 4) homogeneity. GLCM analysis was performed using custom written script in
MatLab environment. Mean T2 time was calculated for each ROI.
Shapiro-Wilk normality test was used to assess normality of examined
variables. Wilcoxon signed-rank test was used to determine differences
in mean T2 time and GLCM features values between chondral lesion and
reference cartilage. Wilcoxon signed-rank test was also used to determine differences in GLCM features values, when different offsets and
number of T2 mapping parameters were used. We present results as

Site

1

Scanner

Achieva (Philips, Achieva (Philips, MAGNETOM Skyra
Netherlands)3 T Netherlands)3 T (Siemens, Germany)3
T
8-channel knee 16-channel knee 15-channel knee
Multiecho spin
Multiecho spin
Multiecho spin echo
echo
echo
Sagittal
Sagittal
Sagittal

Coil
Sequence
Orientation
plane
Slice
thickness
(mm)
Slice spacing
(mm)
Repetition
time (ms)
Echo time
(ms)
number
1
2
3
4
5
6
7
8
Averages
Acquisition
matrix
Field-of-view
(cm)
Total
acquisition
time

2

3

3

3

3

3.3

3.6

3.3

2000

2000

2000

12.5
25
37.5
50
62.5
75
87.5
100
1
268 x 320

12.5
25
37.5
50
62.5
75
87.5
100
1
268 x 320

12.5
25
37.5
50
62.5
75
87.5
100
1
320 x 256

16 x 16

16 x 16

16 x 16

7min 52s

9min 52s

8min 4s

Table 1Scanner and sequence
parameters.
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mean value ± standard deviation and/or p-value. All statistical analysis
and visual representations of GLCM features were performed using
Rstudio version 1.3.1093 (Rstudio, PBC, USA).

Figure 2 GLCM parameters visualization for ﬂattened lesion and

reference cartilage ROIs computed from 2-parametric T2 maps with
offset 0 .

Figure 1 Preprocessing of ROIs for texture analysis.
Results: In our cohort, mean T2 times were 56.7 ± 8.8, 52.9 ± 8.6, 64.3 ±
14.3 and 62.6 ± 17.8 ms in lesion and reference 2-parameter mapping
and lesion and reference 3-parameter mapping respectively. There was
statistically signiﬁcant difference between lesion and reference mean T2
times in 2-parameter mapping (p ¼ 0.03) but difference was not signiﬁcant in 3-parameter mapping (p > 0.05), although apparent differences between T2 times were visible on T2 maps.

Figure 3 GLCM parameters visualization for ﬂattened lesion and refer-

ence cartilage ROIs computed from 3-parametric T2 maps with offset 0 .

Number of
parameters

ROI

Angle Autocorrelation Contrast Homogeneity
( )

2
2
2
2
3
3
3
3

Lesion
Lesion
Reference
Reference
Lesion
Lesion
Reference
Reference

0
90
0
90
0
90
0
90

Table 2

73.9 ± 35.6
73.4 ± 36.1
112.7 ± 34.3
112.3 ± 34.8
39.4 ± 20.9
38.4 ± 20.6
53.0 ± 24.4
51.7 ± 22.7

GLCM features values.

1.5 ± 1.9
3.3 ± 2.5
1.8 ± 1.1
3.2 ± 2.6
4.4 ± 2.1
6.9 ± 4.7
5.4 ± 2.9
7.3 ± 5.4

0.68
0.54
0.61
0.51
0.57
0.47
0.49
0.44

±
±
±
±
±
±
±
±

0.10
0.12
0.12
0.13
0.08
0.11
0.12
0.13
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When comparing GLCM features of lesion and reference, we found
signiﬁcant difference in autocorrelation, contrast and homogeneity.
Difference in autocorrelation was signiﬁcant for 2-parameter mapping
and GLCM offset 0 (p < 0.001) and 90 (p < 0.001) and also for 3parameter mapping with offset 0 (p < 0.001) and 90 (p < 0.001).
Difference in contrast was only signiﬁcant with offset 0 for both 2parameter (p ¼ 0.02) and 3-parameter mapping (p ¼ 0.03). Similarly,
difference in homogeneity was signiﬁcant with offset 0 for 2-parameter (p ≪ 0.05) and 3-parameter mapping (p < 0.001).
Contrast was signiﬁcantly different when using different offsets (0 and
90 ) for both 2-parameter (p < 0.001) and 3-parameter (p < 0.001)
mapping of lesion and for 2-parameter (p < 0.001) and 3-parameter (p
≪ 0.05) mapping of reference. Similarly to contrast, there was signiﬁcant difference in homogeneity for 2-parameter (p < 0.001) and 3parameter (p < 0.001) mapping of lesion and also for 2-parameter (p <
0.001) and 3-parameter (p ≪ 0.05) mapping of reference. Autocorrelation was not signiﬁcantly different using different offsets.
We also found signiﬁcant difference in GLCM features values between
2- and 3-parameter mapping. Autocorrelation, contrast and homogeneity were signiﬁcantly different for lesion and reference texture
analysis with both offsets (0 and 90 ). All p-values were < 0.001.
In Figure 2 and Figure 3 we present visualization of GLCM features
calculated with offset 0 from lesion and reference ROIs.

Conclusions: Although signiﬁcant difference in mean T2 in 3-parameter
mapping was not shown, different T2 distribution in lesion and reference
cartilage is visible in Figure 2 and Figure 3. Considering zonal architecture of healthy cartilage, its loss in OA chondral lesions and resultant
T2 distribution, autocorrelation, contrast and homogeneity might be
reliable indicators of cartilage damage. Autocorrelation represents the
extent of pattern repetition. Higher autocorrelation is expected in
healthy cartilage, which was proven by our data. Correlation provides a
measure similar to autocorrelation and low values in lesion can be seen
in Figure 2 and Figure 3. Contrast represents local gray level variation
and high values suggest presence of edges, which is typical for healthy
cartilage. Homogeneity measures the smoothness of gray level distribution and therefore might serve as a tool for zonal architecture loss
detection. Because texture of healthy cartilage is smooth (homogeneous) in horizontal direction when ROI is rotated and ﬂattened, offset
0 has been proven to be a key parameter in distinguishing lesion and
reference, with contrast and homogeneity being signiﬁcantly different
only in this direction. Number of T2 mapping parameters has an effect on
absolute values of mean T2 times, but this difference does not affect the
signiﬁcance of difference in parameters values between lesion and reference. Texture analysis with GLCM seems to be an useful add-on to T2
mapping of articular cartilage lesions which could potentially serve as a
robust marker for monitoring patients in interventional studies.
PRESENTATION NUMBER: 399
COMPARISON OF TWO MACHINE LEARNING CLASSIFICATION
MODELS FOR AUTOMATED HISTOMORPHOMETRY
M. Konnaris 1, M. Brendel 2, M. Fontana 1, 2, M. Otero 1, 2, E. Schwarz 3,
L. Ivashkiv 1, 2, F. Wang 2, R. Bell 1. 1 Hosp. for Special Surgery, New York,
NY, USA; 2 Weill Cornell Med. Coll., New York City, NY, USA; 3 Univ. of
Rochester, New York, NY, USA
Purpose: Histopathology is an essential component of orthopedic
research. Standard methods of pathological quantiﬁcation rely on
panels of expert pathologists that score and grade histological images
but these methods are time consuming and often introduce inter- and
intra- rater variability. Whole slide image (WSI) analysis and histomorphometry have allowed researchers to evaluate pathologic features
with increased reliability and efﬁcacy. However, these histomorphometric approaches still rely on human expertise and manual input
which can be laborious. Automated histomorphometry may accelerate
this process while improving sensitivity, speciﬁcity, and reliability.
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Here, we evaluate the performance of a machine learning (ML) pipeline
trained to discern knee joint tissues and automatically segment whole
slides.
Methods: Thirty-one Hematoxylin and Eosin (HþE) stained WSI from
a murine model of inﬂammatory arthritis, with pathology ranging
from no or mild pathology to severe synovitis, bone erosions and
invasive pannus, were used for training and testing. The ML pipeline is
described in Figure 1. Two classiﬁcation approaches were compared:
Model A, which was trained to detect 7 tissues, vs. Model B, which was
trained to detect 10 tissues. Model A included the white background
(other), fat and diffuse tissue, muscle and tendon, synovium, bone
(includes bone, meniscus, and cartilage), bone marrow, and growth
plate. Model B separates “bone” into cartilage, bone, and meniscus,
and additionally classiﬁes slide artifacts such as folded cartilage, blade
marks, and larger areas out of focus. Annotation, tiling, feature
extraction, and the random forest (RF) model were implemented in
QuPath. We utilized a 2/3rd vs 1/3rd, training vs testing split on WSIs to
build each model (A: 10 slides for training and 5 slides for testing; B:
22 slides for training and 9 slides for testing). Intensity, smoothing,
and shape features were calculated. Model performance metrics
(sensitivity, speciﬁcity, accuracy, and precision) were then calculated
for each class on the testing set, and the weighted F1 (the geometric
mean of precision and sensitivity weighted by class) was calculated for
each model. Performance metrics were qualitatively compared
between Model A and Model B on the test set.
Results: We built an RF model with 510 color, shape, and smoothed
features (features averaging the features of neighboring tiles) per tile.
For Model A this represents ~70k tiles for training and ~30k tiles for
testing; for Model B this represents ~140k tiles for training and ~60k
tiles for testing (Figure 2A-D). We achieved a weighted F1 of 0.91 for
Model A and 0.83 for Model B (Table 1 A-B). For Model A, the specificity was >0.96 for all classes, the sensitivity ranged from 0.81-0.97,
and the F1 score ranged from 0.80-0.98 (Table 1A). For Model B, the
speciﬁcity was on average >0.97 with a range of 0.75-0.99, the sensitivity ranged from 0.24-0.99, and the F1 score ranged from 0.38-0.99
(Table 1B).
Conclusions: We developed a ML pipeline to segment joint tissues
and tested how the additional separation of histologically similar
tissues affected the performance of our model. Increasing classes in
our RF model led to a decrease in weighted F1 score (despite having a
larger training sample size). When separated, individual classiﬁcations
of meniscus, bone, and cartilage in Model B were worse than when
one combined class was used, potentially because of the similarities
in cell types, morphology, and staining patterns between these tissues. Separately classifying the menisci, bone, and cartilage is
important to identify changes in tissues commonly affected in prevalent orthopedic diseases, including osteoarthritis or bone fracture
healing. Limitations of this work are (1) the relatively small training
dataset and (2) that we choose to not account for staining batch
effects, which are common in histopathology. We hope to implement
a larger training set (~500 WSIs) and a deep learning pipeline that
utilizes convolutional neural network (CNN) architecture while
applying transfer learning techniques from other large image databases which may improve the performance of individual segmentation while controlling for staining batch effect and histological
artifact.
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PRESENTATION NUMBER: 400
KNEE JOINT DISTRACTION RESULTS IN MRI CARTILAGE THICKNESS
INCREASE UP TO TEN YEARS AFTER TREATMENT
M. Jansen 1, S.C. Mastbergen 1, T.D. Turmezei 2,3, J.W. MacKay 3, 4,
F.P. Lafeber 1. 1 Univ. Med. Ctr. Utrecht, Utrecht, Netherlands; 2 Norfolk &
Norwich Univ. Hosp., Norwich, United Kingdom; 3 Univ. of East Anglia,
Norwich, United Kingdom; 4 Univ. of Cambridge, Cambridge, United Kingdom
Purpose: Knee joint distraction (KJD) is a surgical joint-preserving
treatment option for younger (age <65 years) knee osteoarthritis (OA)
patients. It has been shown to provide signiﬁcant clinical improvement
for up to nine years after treatment. Furthermore, both radiographs and
MRI scans have previously shown cartilage regeneration activity,
especially in the ﬁrst two years after treatment. However, MRIs have not
been evaluated more than ﬁve years after this treatment. As such, the
objective of this study was to evaluate MRI cartilage thickness up to ten
years after KJD treatment.
Methods: Patients (n¼20) with end-stage knee OA, indicated for total
knee arthroplasty (TKA) but <60 years old, were treated with KJD. 3T
MRIs with 3D spoiled gradient recalled imaging sequence with fat
suppression (SPGR-fs) were acquired before and one, two, ﬁve, seven
and ten years after surgical treatment. Stradview v6.0 was used for
semi-automatic cartilage segmentation; wxRegSurf v18 was used for
surface registration. MATLAB R2020a and the SurfStat MATLAB package
were used for data analysis and visualization. For changes over time, a
linear mixed model was used. Two separate linear regression models
were used to show the inﬂuence of baseline Kellgren-Lawrence grade
and sex on the changes over time. Statistical signiﬁcance was calculated
with statistical parametric mapping; a p-value <0.05 was considered
statistically signiﬁcant. Since KJD has previously shown signiﬁcant
results mostly in the patients’ most affected compartment (MAC),
patients were separated in two groups based on whether their MAC was
the medial or lateral compartment.
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Results: The MAC was predominantly the medial side (medial MAC
n¼18; lateral MAC n¼2). The 18 patients with a medial MAC all had MRI
scans at baseline, one and two years after treatment. After two years,
some patients were lost to follow-up, resulting in decreased availability of
data at ﬁve years (n¼14), seven years (n¼11) and ten years (n¼7). Figure 1
shows the average cartilage thickness at the different time points for all
medial MAC patients together. As can be seen, one and two years after
treatment the cartilage in the medial weight-bearing region was on
average thicker than before treatment. While from ﬁve years after
treatment the cartilage thickness gradually decreased, even at ten years
the medial cartilage thickness seemed slightly higher than before treatment. Figure 2 shows the cartilage thickness changes compared to
baseline for all follow-up time points for patients with a medial MAC.
Patients with a lateral MAC showed a similar pattern, with the biggest
changes showing on the lateral side. As indicated by the dark blue areas,
the medial femoral cartilage thickness increase, which was up to 0.5 mm
after one year and 0.6 mm after two years, was largely statistically signiﬁcant at both these time points. While the medial tibia showed an
increase of up to 0.5 mm at these time points as well, this was not statistically signiﬁcant. Surprisingly, long-term results showed areas of the
lateral (less affected) compartment were signiﬁcantly thicker, up to 0.7
mm, compared to pre-treatment in both the femur and tibia compared to
baseline. None of the baseline parameters had a statistically signiﬁcant
inﬂuence on the future change in cartilage thickness. However, both
Kellgren-Lawrence grade and sex were shown to inﬂuence the changes,
albeit not statistically signiﬁcantly. Patients with a higher Kellgren-Lawrence grade and male sex showed a higher short-term (one and two year)
but a lower long-term (seven and ten year) cartilage thickness increase.
Conclusions: KJD treatment results in signiﬁcant short-term cartilage
regeneration in the most affected compartment. While after two years
this initial gain in cartilage thickness is gradually lost, likely as a result of
natural progression, even ten years after treatment the cartilage is thicker
than before treatment. In the less affected compartment, a delayed cartilage response seems to take place, with signiﬁcantly increased cartilage
thickness in the long term. In conclusion, in these young OA patients
indicated for TKA, KJD results in femoral and tibial cartilaginous tissue
regeneration both short- and long-term and in both sides of the joint.

PRESENTATION NUMBER: 401
HETEROGENEITY OF CARTILAGE INVOLVEMENT IN KNEES WITH
RADIOGRAPHIC DISEASE SEVERITY KELLGREN-LAWRENCE 2 AND
3: THE MOST STUDY
F. Roemer 1, 2, D.T. Felson 2, J.J. Stefanik 3, G. Rabasa 2, M.D. Crema 2,
N. Wang 2, T. Neogi 2, J.A. Lynch 4, M.C. Nevitt 4, J. Torner 5, C.E. Lewis 6,
A. Guermazi 2, 7. 1 Friedrich-Alexander Univ. Erlangen-Nürnberg (FAU),
Erlangen, Germany; 2 Boston Univ. Sch. of Med., Boston, MA, USA;
3
Northeastern Univ., Boston, MA, USA; 4 Univ. of California San
Francisco, San Francisco, CA, USA; 5 Univ. of Iowa, Iowa City, IA, USA;
6
Univ. of Alabama, Birmingham, AL, USA; 7 VA Hlth.care System, West
Roxbury, MA, USA
Purpose: Imaging plays an important role in deﬁning structural disease
severity and potential suitability of patients recruited to disease-modifying osteoarthritis drug (DMOAD) trials. A common target tissue of
DMOADs is cartilage and structural success of a clinical trial is usually
deﬁned by reduced cartilage loss or increase in cartilage thickness
compared to placebo, commonly in the medial tibio-femoral joint (TFJ).
To be eligible for inclusion into a DMOAD trial from a structural perspective, knees with Kellgren-Lawrence (KL) grades 2 and 3 are typically included. These knees exhibit deﬁnite structural disease, are at risk
for progression, but are not considered end-stage. However, one reason
of failure of clinical trials in the past may be due to inclusion reﬂecting
the heterogeneity and wide-spectrum of disease severity of KL 2 and 3
knees. KL2 knees are deﬁned primarily by presence of osteophytes, and
may exhibit absence of cartilage damage and thus, are unlikely to
beneﬁt from cartilage-anabolic approaches. On the other hand, both
KL2 and KL3 knees may have extensive cartilage loss to bone, making
them unable to respond to a treatment that might preserve cartilage.
Understanding the proportion of knees/compartments without cartilage damage or with end stage damage in a sample of KL 2 and 3 knees
will help regarding patient eligibility considerations. Thus, aims of this
study were to describe compartments and knees with a maximum score
of full-thickness wide-spread cartilage damage, and to tabulate frequencies of compartments without any or only minimal cartilage
damage.
Methods: The Multicenter Osteoarthritis (MOST) study is a prospective
cohort study of individuals 60-79 years with or at risk for knee OA. All
baseline MRIs of subjects included in the MOST study with radiographic
disease severity KL 2 and 3 were included. MRI was performed using a
1.0 T extremity system at the two clinical sites using axial and sagittal
proton-density weighted sequences and a coronal STIR sequence. Knee
MRIs were read by two experienced MSK radiologists for cartilage
damage from 0 to 6 regarding subregional area and full thickness
involvement according to the WORMS scoring system in 14 articular
subregions. The compartmental involvement of wide-spread fullthickness cartilage damage (maximum WORMS grades 5 and 6) for KL2
and 3 knees separately was assessed for compartments and the whole
knee. In addition, the frequencies of compartments without or only
minimal cartilage damage (WORMS 2.0 and 2.5) on a compartmental
basis and for the whole knee were described.
Results: 445 knees had a radiographic disease severity of KL2 and 317
knees were KL3 at the MOST baseline visit. 113 (24.8%) knees with KL2
had a maximum cartilage damage score of 5 or 6 in the MTFJ, 48 (10.5%)
in the LTFJ and 214 (47.0%) in the PFJ. Of KL3 knees 235 (74.1%) knees had
a maximum cartilage damage score of 5 or 6 in the MTFJ, 72 (22.7%) in
the LTFJ and 116 (36.6%) in the PFJ. Regarding absence of cartilage
damage for KL2 knees, 93 (20.9%) had no damage in the mTFJ, 183
(41.1%) in the LTFJ and 66 (14.8%) in the PFJ. For KL 3 knees the
respective numbers were 18 (5.7%) for the MTFJ, 126 (39.8%) for the LFTJ
and 36 (11.4%) for the PFJ. Including knees with minimal cartilage
damage for KL2 these numbers changed to 33.3% (mFTJ), 58.2% (lFTJ)
and 22.5% (PFJ). For KL3 respective percentages were 9.8% (mFTJ), 53.0%
(lFTJ) and 22.7% (PFJ). Details are presented in Tables 1 and 2.
Conclusions: About 25% of KL2 and >70% of KL3 knees show widespread full thickness cartilage damage in the mFTJ and are likely not
ideal candidates for anti-catabolic treatment approaches. For the LFTJ
and the PFJ these numbers ranged from 10% (KL2 lTFJ) to 50% (KL2 PFJ).
Regarding absence of cartilage damage 20% and 6% of KL2 and 3 knees
do not exhibit any cartilage damage in the mFTJ, while these numbers
are 40% (KL2) and 40% (KL3) for the lFTJ and 15% (KL2) and 11% (KL3) for
the PFJ. One third of KL2 knees exhibit only minimal cartilage damage in
the MFTJ and thus should likely not be included in anabolic DMOAD
trials. Given the heterogeneity of cartilage damage in KL2 and 3 knees,
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radiography as an instrument to deﬁne structural eligibility needs to be
reconsidered depending of mode of action of a speciﬁc DMOAD
compound.

PRESENTATION NUMBER: 402
REAL-TIME VERSUS STATIC SCORING IN MUSCULOSKELETAL
ULTRASONOGRAPHY IN PATIENTS WITH INFLAMMATORY HAND
OSTEOARTHRITIS
L.A. van de Stadt 1, F.P. Kroon 1, M. Reijnierse 2, F.R. Rosendaal 3,
N. Riyazi 4, R. de Slegte 5, J. van Zeben 6, C.F. Allaart 1, M. Kloppenburg 1,
M.C. Kortekaas 1. 1 Leiden Univ. Med. Ctr., Rheumatology, Leiden,
Netherlands; 2 Leiden Univ. Med. Ctr., Radiology, Leiden, Netherlands;
3
Leiden Univ. Med. Ctr., Clinical Epidemiology, Leiden, Netherlands;
4
Haga Hosp., Rheumatology, Den Haag, Netherlands; 5 Reade, Radiology,
6
Amsterdam,
Netherlands;
Sint
Franciscus
Vlietland
Group,
Rheumatology, Rotterdam, Netherlands
Purpose: Ultrasonography is used in rheumatic musculoskeletal diseases (RMDs) as outcome measure in clinical trials. In hand osteoarthritis (OA) it is a suitable imaging modality because multiple joints
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can be scanned with high sensitivity for subtle pathology. Traditionally,
ultrasonography is scored dynamic and real-time. Dynamic ultrasonography is investigator dependent, which can lead to suboptimal
inter-rater reliability. Central reading of static US images could avoid
issues of inter-rater reliability. However, agreement between real-time
and static assessment has not been studied in hand OA or other RMDs.
Therefore, we studied this agreement in inﬂammatory hand OA.
Methods: Ninety-two patients fulﬁlling the American College of
Rheumatology hand OA criteria and showing clinical and ultrasonographic signs of inﬂammation were randomised to receive 10mg prednisolone or placebo for six weeks in a clinical trial. Of 75 patients static
images of ultrasonography were available. These were included in the
present study. Hand joints were assessed for synovial thickening,
effusion, Doppler signal and osteophytes by ultrasound (score 0-3 per
joint, 30 joints per patient; DIP/PIP 2-5, IP-1, MCP 1-5 and CMC-1 joints)
at baseline and after treatment. Two ultrasonographers scored the live
images together (simultaneously) in real-time. A consensus score for
each joint was recorded. Representative images were stored during
scanning. These static images were scored by one ultrasonographer
with a minimum of 6 months between real-time and static scoring. For
each patient, images of each visit were scored paired, with known
chronological order. The ultrasonographers were blinded to patients’
clinical data and treatment. Agreement between scoring methods was
studied at joint level with quadratic weighted kappa. At patient level,
intra-class correlations (ICC; mixed effect model, absolute agreement,
with and without clustering taken into acount) were calculated at both
timepoints. ICCs were also calculated for the delta of sum scores.
Responsiveness of scoring methods was analyzed with generalized
estimating equations (GEE) with treatment as independent and ultrasonography ﬁndings as dependent variable.
Results: Thirty-nine patients (52%) were treated with prednisolone and
36 (48%) were treated with placebo. Patient characteristics were wellbalanced between treatment groups. All patients had signs of osteophytes as assessed by real-time ultrasonography, almost all a positive
Doppler signal or synovial thickening, while three quarters had effusion
in at least one of 30 assessed joints. Total ultrasonography sum score for
osteophytes was high (mean 45 ±SD 12), whereas sum score was low
for positive Doppler signal (mean 5.9 ±SD 4.4), with intermediate sum
scores for synovial thickening and effusion (mean 16 ±SD 6.3 and 11
±SD 6.0 respectively). Static sum scores were overall slightly higher
(osteophytes mean 48 ±SD 10; Doppler mean 6.9 S±D 5.0; synovial
thickening mean 20 ±SD 7.0 and effusion 13 ±SD 6.5) Agreement at
baseline was good to excellent at joint level (kappa 0.72-0.88) and
moderate to excellent at patient level (ICC 0.59-0.86). Agreement for
delta sum scores was poor to fair for synovial thickening and effusion
(ICC 0.18 and 0.34 respectively), but excellent for Doppler signal (ICC
0.80) (Table 1). Real-time ultrasonography showed responsiveness to
prednisolone with a mean between-group difference of synovial
thickening sum score of -2.5 (CI:-4.7 to-0.3). Static ultrasonography did
not show a decrease in synovial thickening (Figure 1). No difference in
ultrasonography scores was seen for the other ultrasonography features, neither with real-time nor static scoring.
Conclusions: While cross-sectional agreement between real-time and
static ultrasonography was good, agreement of delta sum scores was
not and paired static ultrasonography measurement of synovial thickening did not show responsiveness to prednisone therapy where realtime ultrasonography did. Therefore, when using ultrasonography in
clinical trials, real-time dynamic scoring should remain the standard.
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similar to that observed for FLASH. Offsets in ROA knees were much
larger for KLG 4 than for KLG 2 or KLG 3 knees (Fig. 1).
Conclusions: An automated U-net algorithm trained on ROA knees was
able to segment and compute cartilage thickness in ROA knees with
greater accuracy than one trained on healthy knees, or one trained on a
combination of ROA and healthy knees (data not shown). Overestimates
of cartilage thickness were large in KLG4 knees. These results were
similar for both corFLASH and sagDESS.

PRESENTATION NUMBER: 403
AGREEMENT AND ACCURACY OF FEMOROTIBIAL CARTILAGE
MORPHOMETRY IN RADIOGRAPHIC KNEE OA USING DIFFERENT
TRAINING SETS FOR AUTOMATEDDEEP LEARNING SEGMENTATION
- COMPARISON BETWEEN FLASH AND DESS MRI
W. Wirth 1, 2, A.S. Chaudhari 3, J. Kemnitz 4, C.F. Baumgartner 5,
E. Konukoglu 5, D. Fürst 1, 2, F. Eckstein 1, 2. 1 Paracelsus Med. Univ., Inst. of
Anatomy and Ludwig Boltzmann Inst. Arthritis Rehabilitation, Salzburg,
Austria; 2 Chondrometrics GmbH, Ainring, Germany; 3 Stanford Univ.,
Stanford, CA, USA; 4 Paracelsus Med. Univ., Inst. of Anatomy, Salzburg,
Austria; 5 ETH Zürich, Zürich, Switzerland
Purpose: Convolutional neural networks (CNNs) have recently gained
strong interest for the segmentation of articular cartilage from MRI. UNets are amongst the most widely used CNN architectures. Only few
CNN-based methods have reported the accuracy of cartilage morphometry vs manual segmentation, and none have compared various MRI
contrasts and orientations. The objectives of the current work were
therefore 1) to examine the performance of automated, U-Net-based
cartilage segmentation in knees with radiographic OA (ROA) and its
dependence on training data set composition. 2) to compare the performance between two MRI protocols, speciﬁcally coronal FLASH with
T1-weighted contrast, and sagittal double echo steady state (DESS) with
both T1 and T2-weighted contrast.
Methods: 122 participants with ROA and 92 without symptoms, signs
and risk factors of knee OA (the healthy reference cohort (HRC) of the
Osteoarthritis Initiative (OAI)) had expert manual segmentation of the
femorotibial cartilages, both from coronal FLASH and sagittal DESS 3
Tesla MRI. U-nets were trained from ROA knees (n¼86/18 training/
validation) and HRC knees (n¼50/21). Both the ROA and HRC U-Nets
were tested on 18 ROA and 21 HRC knees, respectively (the test set).
Results: Of 122 ROA knees, 35/34/31% were KLG 2/3/4, respectively. In
the HRC test set, a mean Dice Similarity Coefﬁcient (DSC) of 0.91 was
observed for FLASH, and 0.90 for DESS, both for the HRC- and ROAtrained algorithm. In the ROA test set, DSCs were 0.86/0.86 (FLASH/
DESS) for the ROA-trained, and 0.82/0.82 for HRC-trained U-nets. Cartilage thickness computations from automated segmentation in the
FLASH test set showed high correlations vs. the manual method.

In the HRC test set, results were superior for the HRC U-Net (r¼0.96)
than for the ROA U-Net (r¼0.88), and in the ROA test set, superior for the
ROA U-net (r¼0.94) than the HRC U-net (r¼0.89). The systematic offset
for cartilage thickness from automated segmentations was 4.8±4.0% for
HRC knees using the HRC U-Net, and 5.8±9.3% using the ROA U-net. It
was 11.8±14.4% for the ROA knees using the HRC U-Net) and somewhat
smaller (8.8± 11.3%) when using the ROA U-Net. Results for DESS were

PRESENTATION NUMBER: 404
CARTILAGE DEGRADATION RELATED TO PATELLAR DISLOCATIONS:
COMPARING
T1r
RELAXATION
TIMES
TO
ANATOMICAL
CHARACTERISTICS FROM STATISTICAL SHAPE MODELS
J.J. Elias 1, M. Yang 2, M. Li 2, J. Ma 2, R. Lartey 2, S. Gaj 2, C. Colak 2,
C.S. Winalski 2, L.D. Farrow 2, X. Li 2. 1 Cleveland Clinic Akron Gen., Akron,
OH, USA; 2 Cleveland Clinic Fndn., Cleveland, OH, USA
Purpose: Patellar dislocations are associated with cartilage degradation
and an elevated risk of patellofemoral osteoarthritis. Patellar dislocations are also associated with pathologic anatomy that increases the
lateral force acting on the patella from the quadriceps muscles and
patellar tendon and limits the articular restraint provided by the
trochlear groove. The current understanding of how pathologic anatomy contributes to cartilage degradation following a patellar dislocation is limited. The present study was performed to characterize
relationships between knee anatomy and cartilage properties for
patients who have experienced a patellar dislocation and uninjured
controls. Cartilage properties were quantiﬁed based on T1r relaxation
times, an imaging marker for early cartilage degradation, and knee
anatomy was characterized based on independent modes of variation
from statistical shape models.
Methods: Statistical shape models of the femur and patella were
reconstructed from 3.0 T MRI scans of the injured knee of 16 patients
who experienced a dislocation (9 females, age ranging from 14 to 36
years) and 20 knees from 13 healthy controls (6 females, age ranging
from 13 to 30 years). Ten of the patients experienced multiple dislocations. Informed consent was obtained from every subject, and the
study was approved by the institutional review board. All scans were
performed with a knee coil using sagittal, non-fat saturated sequences
with a maximum slice thickness of 1.5 mm. Custom algorithms were
used for semi-automatic segmentation of the patella and femur for each
knee. Bone models were registered to the template mesh using a fully
automatic landmark-matching algorithm. Models were developed to
represent the average femur and patella for all knees and for the
instability and uninjured controls sub-groups. Principal component
analysis was performed to determine the independent modes of anatomical variation. The femur and patella from each subject was represented as a linear combination of the modes of variation, with the
coefﬁcients applied for each mode quantiﬁed. For six of the injured
knees included in the shape models (4 males, age ranging from 14 to 36
years), the contralateral knees, and six control subjects (2 males, age
ranging from 13 to 18 years), imaging was also obtained for T1r mapping of cartilage properties. Imaging included a 3D fat saturated dual
echo steady state (DESS) sequence for cartilage segmentation using an
in-house developed automatic algorithm, and a 3D T1r sequence scan.
Images from the DESS scan were rigidly registered with the ﬁrst echo of
the T1r images, using piecewise rigid registration. T1r relaxation times
were mapped to the cartilage on the patella and femur (Fig. 1), and
lateral, central and medial sub-regions were identiﬁed for both the
patella and trochlear groove. Linear regressions were performed to
correlate T1r values with anatomical characteristics of the femur and
patella, as presented by the modes of the bone shape models. For the
injured knees, T1r values were expressed as a ratio between the injured
and contralateral knees to focus on the increase related to a traumatic
dislocation. The knees from healthy controls were combined with the
uninjured contralateral knees from patients for consideration of
pathologic anatomy without a traumatic dislocation.
Results: Based on the shape models, the primary anatomical characteristics of the instability subjects, as compared to the control subjects,
were a shallow trochlear groove, a more convex medial facet of the
patella and a decreased medial-lateral width of the patella. These features were more dramatic for subjects who experienced multiple dislocations than those with a single dislocation. In patients, the ratio of
injured to contralateral T1r values for cartilage in the three regions of
the trochlear groove was correlated with multiple bone modes related
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to a ﬂat trochlear groove and valgus orientation of the femur of the
injured knee (r2 ¼ 0.68 to 0.96, p < 0.05). On the contrary, for the medial
patella, the ratio of injured to contralateral T1r values was inversely
correlated with a mode that included components of a ﬂat trochlear
groove and valgus orientation of the femur (r2 ¼ 0.76, p ¼ 0.02, Fig. 2).
The medial patella also showed the greatest elevation in T1r values for
injured knees compared to controls, although not statistically signiﬁcant (35 ± 10 ms vs. 31 ± 9 ms). For the combination of contralateral
and control knees, signiﬁcant correlations were identiﬁed between T1r
values on the medial patella and lateral trochlear groove and a mode
related to less valgus orientation of the femur (r2 > 0.49, p < 0.02).
Conclusions: The results indicate several anatomical factors contribute
to elevated T1r relaxation times following patellar dislocations. For
injured knees, differences between cartilage on the medial patella and
within the trochlear groove are likely related to the mechanism of
injury. Higher T1r values for the trochlear groove is related to the
anatomical pathology (ﬂat groove and valgus orientation) that causes
abnormal function and dislocations, with elevated lateral forces applied
to the patella and reduced articular resistance. The shape model also
conﬁrms trochlear depth as a primary anatomical feature of patellar
instability. Medial cartilage on the patella is largely injured by traumatic
impact against the lateral femoral condyle during a dislocation episode.
For the medial patella, higher T1r values are related to less pathology,
likely due to a higher energy dislocation and impact between the
medial patella and femur. Immediately following a patellar dislocation,
the primary mechanism of degradation seems to be related to the
traumatic impact, although degradation that increases with pathology
could continue to escalate with ongoing function following a dislocation. Fewer modes of variation were signiﬁcantly correlated with
high T1r for knees that did not experience a dislocation. A larger sample
size will be needed to determine how variations in the shape of the
patella related to patellar dislocations, newly identiﬁed by the shape
model, inﬂuence cartilage properties. The current independent modes
of anatomical variation for the femur and patella include multiple shape
features, indicating varying forms of and interactions between clinically
noted pathological features. The population of knees included in the
shape models should be increased to more clearly interpret the anatomical variations. Overall, the results indicate that cartilage properties
are related to anatomical features associated with patellar dislocations.
With further development, the analysis could be used to identify subjects at greatest risk of cartilage degradation and potential development
of osteoarthritis following patellar dislocations.
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PRESENTATION NUMBER: 405
AUTOMATED AND EFFICIENT SOLUTION TO THE PROBLEM OF
EXTRACTING REPRODUCIBLE QUANTITATIVE METRICS FROM
PRECLINICAL OSTEOARTHRITIS RABBIT AND RAT JOINT SCANS
P. Durongbhan, C.E. Davey, K.S. Stok. The Univ. of Melbourne, Parkville,
Australia
Purpose: Visualising and quantifying structural changes due to osteoarthritis (OA) over time provides measures to track disease progression
and may assist in early diagnosis by recognising early markers of
change. Three-dimensional (3D) imaging methods such as microcomputed tomography (microCT) allow for rapid and accurate quantitative evaluation of joint tissues in preclinical small animal models.
However, there have been few preclinical studies that quantify changes
to the joint as a single unit. Some recent studies developed a suite of
joint quantitative morphometric analysis (QMA) metrics and demonstrated its reproducibility and sensitivity in rabbit and rat anterior
cruciate ligament transection (ACLT) OA models using in situ microCT
images. However, the reproducibility is highly dependent on consistent
alignment of the long axis of the tibia to a common position relative to a
Cartesian coordinate system. These tasks are performed manually and
are therefore time-consuming, require anatomical knowledge speciﬁc
to each animal, and are prone to human error. Thus, we propose an
image processing solution which can automatically align the joint
images correctly while remaining robust for different small animal
models.
Methods: Raw data microCT scans of six tibiofemoral joints from 6 agematched, New Zealand white rabbits and 21 tibiofemoral joints from 11
age-matched Wistar rats from previous QMA development studies were
used. Brieﬂy, joints were scanned using microCT (SCANCO Medical AG)
with and without contrast agent to obtain isotropic images with a
nominal voxel size of 18 mm and 10 mm for rabbit and rat joints,
respectively. To test for reproducibility, contrast-enhanced samples
were previously scanned three times, with repositioning between
scans. The femur and tibia, along with their corresponding cartilage
masks, were segmented, and the volume of interest was deﬁned as the
joint area up to the epiphyseal plate of the two bones (z35-40 mm in
rabbits, z12-15 mm in rats).
Joint alignment was achieved by representing the tibia’s basic shape
and relative position using a spherical harmonic description method
(SPHARM). SPHARM describes objects of spherical topology as a
weighted sum of spherical harmonic basis functions. A different
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number of basis functions allow the object to be represented at different
levels of detail, as demonstrated in Figure 1. This study used lowerorder SPHARM coefﬁcients to extract the coarse shape of each tibia.
Principle component analysis (PCA) was performed on the resulting
shape. The smallest and second-smallest components were used as
proxies for the tibia’s long axis and the anterior face of the joint,
respectively. These components were translated into a set of transformation matrices that transform the joint into the desired common
alignment.

to deploy in new environments and the results show that the software
reproducibly produces joint alignment with comparatively high quality
as obtained from manual alignment by experts. This allows 3D joint
QMA to be performed more rapidly in OA studies involving larger
preclinical rabbit and rat cohorts with minimum adjustment between
species while maintaining the same sensitivity and precision. Future
work will focus on expanding the software capability to be able to
perform other pre-processing tasks needed for 3D joint QMA for a
complete pre-processing framework, as well as improving robustness
to allow for pre-processing of other widely used preclinical OA models
such as mouse and goat.
PRESENTATION NUMBER: 406
PATELLOFEMORAL PAIN PATIENTS SHOW DIFFERENCES IN 3D
PATELLAR SHAPE COMPARED TO HEALTHY CONTROL SUBJECTS

The resulting joint alignments were evaluated using the previously
described QMA measures of 3D joint centre of mass, which is deﬁned as
a vector with length (l, mm) and orientation (a, degree; b, degree; and
g, degree) measured along the three principle Cartesian axes, connecting the bone centres of mass as shown in Figure 2. Since l is
independent of orientation, only a, b, and g were analysed. Reproducibility of the measured values was expressed using intraclass correlation coefﬁcient (two-way random effects, consistency, multiple
measurements), and precision errors were described in terms of absolute value, PE(SD), and coefﬁcients of variation, PE(%CV).

Results: Visualisation of pre-and post-alignment for a number of rat
joints is shown in Figure 3. The resulting joint alignment for data from
both rabbits and rats showed improvements in all reproducibility
metrics for the joint centre of mass. In rabbit, ICC improved from
unprocessed (a: 0.901, b: 0.739, g: 0.385) to automatically aligned (a:
0.936, b: 0.920, g: 0.934) and manually aligned samples (a: 0.978, b:
0.913, g: 0.981). Similar improvements were also observed in rat data
where unaligned ICC (a: 0.577, b: 0.890, g: 0.731) improved when
aligned automatically (a: 0.955, b: 0.958, g: 0.951) and manually (a:
0.990, b: 0.981, g: 0.998). This was achieved while also maintaining very
low precision errors for both rat (PE(SD) a: 1.90, b: 1.45, g: 1.67; PE(%CV)
a: 1.80%, b: 1.62%, g: 1.06%) and rabbit (PE(SD) a: 1.87, b: 1.63, g: 1.29;
PE(%CV) a: 1.96%, b: 1.82%, g: 0.76%) samples.

Conclusions: This work demonstrates an automated and efﬁcient
software solution to the problem of joint alignment for 3D joint QMA
that is robust across both rabbit and rat models. The software is simple

J.J. Eijkenboom 1, N. Tümer 2, E.H. Waarsing 1, R.A. van der Heijden 1,
R. Cheng 3, F.T. Sheehan 3, E.H. Oei 1, A.A. Zadpoor 2,
S.M. Bierma-Zeinstra 1, M. van Middelkoop 1. 1 Erasmus MC Med. Univ.,
Rotterdam, Netherlands; 2 Delft Univ. of Technology, Delft, Netherlands;
3
NIH, Bethesda, MD, USA
Purpose: Alterations in bone shape are not only associated with the
presence of radiographic OA, they are predictive of tibiofemoral OA
onset and have even been proposed as a biomarker for tibiofemoral OA
progression. Such biomarkers for early OA detection and progression
are essential in the developing successful and early OA interventions.
There is evidence suggesting patellofemoral pain (PFP) is a precursor for
developing patellofemoral osteoarthritis (PFOA) and that it is associated
with altered bone shape. As such, alterations in patellofemoral bone
shape may also be a promising biomarker in patients with PFP and may
offer an opportunity for early therapeutic intervention for OA, potentially even before its onset. Therefore, the purpose of this study is to
quantitatively deﬁne differences in 3D patellar shape between patients
with PFP and healthy controls, using statistical shape modeling (SSM).
Additionally, we studies if 3D shape variations in the patella are associated with the presence of structural abnormalities in the patellofemoral joint.
Methods: Data from 62 PFP and 69 matched control subjects (age:
23.5±7.1 & 23.1±5.9 years, Table 1) comprised the study’s two cohorts.
We used 3D magnetic resonance images of the knee and a semi-automatic segmentation algorithm to create 3D models of the patella. The
resulting 3D statistical shape model included 25 shape modes after a
parallel analysis was used to discard noise. Logistic regression analyses,
with adjustment for age, BMI, and sex were applied to test the association between independent shape modes and group status. For the
secondary analysis, logistic regression was used to test the association
between MOAKS features (patellar osteophytes, patellar bone marrow
lesions, patellar minor cartilage defects, anterior femoral osteophytes,
anterior femoral bone marrow lesions, and Hoffa synovitis) and the
independent shape modes, adjusted for age, sex, BMI and group status.
Results are expressed using odds ratios (OR) with accompanying 95%
conﬁdence intervals.
Results: Only modes 16 and 22 showed signiﬁcant associations with the
presence of PFP (OR 0.66 with p¼0.025 and OR 1.56 with p¼0.036,
Figure 1). These modes described a variance within the population of
1.42% and 0.87%. Statistical analyses showed multiple associations
between patellar shape modes and 5 out of our 6 tested MOAKS features. Shape modes 1, 6, 9, 10, 12, and 23 were associated with the
presence of minor cartilage defects on the patella. Furthermore, mode 6
was associated with patellar bone marrow lesions, mode 9 was associated with osteophytes on the anterior femur while mode 3 was
associated with bone marrow lesions in the anterior femur. Hoffa synovitis was associated with modes 5, 11, 12, and 24.
Conclusions: Our study is the ﬁrst to demonstrate that not only are 3D
shape patterns altered in patients with PFP, similar to patients with OA,
but that patellar shape variations in this young population are associated with the presence of structural abnormalities linked to OA.
Speciﬁcally, mode 16 shows a rounder shape at the lateral side and apex
of the patella of patients with PFP, while a pointier shape is seen in
healthy controls. Mode 22 shows a more diagonal base of the patella in
patients with PFP while in control subjects a more horizontal patellar
base was observed. The association between changes in shape and
markers of OA (especially minor cartilage defects and Hoffa synovitis) in
this young population indicates that 3D SSM can be used to create shape
biomarkers that likely indicate the earliest stages of OA.
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PRESENTATION NUMBER: 407
DIAGNOSTIC TEST ACCURACY, INTER- AND INTRARATER RELIABILITY
OF A KNEE OSTEOARTHRITIS MACHINE LEARNING DECISION-AID
ALGORITHM IN A NEAR-CLINICAL SETTING
M.W. Brejnebøl 1, P. Hansen 1, M. Axelsen 2, M. Lundemann 2,
R. Bachmann 1, 3, U. Ratjen 1, I. Hansen 4, J. Damm 1, M. Boesen 1. 1 Dept. of
Radiology, Bispebjerg and Frederiksberg Hosp., Copenhagen, Denmark;
2
Radiobotics ApS, Copenhagen, Denmark; 3 Radiography, Dept. of
Technology, Univ. Coll. Copenhagen, Copenhagen, Denmark; 4 Dept. of
Radiology, Herlev and Gentofte Hosp., Herlev, Denmark
Purpose: Overall increase in medical imaging, scarcity of radiologist
and concerns on interrater variability have sparked efforts to develop
time saving and robust auto-reporting. Plain radiography remains
mainstay in the diagnostic workup of knee osteoarthritis (KOA). We
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used a machine learning (ML)-tool (RBknee™, Radiobotics ApS) which
is a CE-marked deep learning-based decision-aid software for automated interpretation of radiographic KOA including Kellgren-Lawrence
(KL) grading on images from the daily clinical routline. Objectives were:
1) Does the ML-tool perform reliably compared to human readers with
different levels of experience in musculoskeletal radiology? 2) What is
the diagnostic test accuracy of the ML tool compared to experienced
musculoskeletal radiology consultants?
Methods: In this retrospective, single-center, interrater reliability
study, two musculoskeletal radiology consultants, two experienced
reporting radiographers, two resident radiologists and the ML-tool
rated both knees of 50 plain radiographs (n¼100). All exams were
extracted in an anonymous way from the clinical production PACS at
Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark. Inclusion criteria were radiographs of knees of patients referred for KOA
evaluation and which the images were acquired with the standard
protocol, that is weight-bearing posterior-anterior projection. Radiographs were randomly and consecutively selected. Before rating, each
reader was given a modiﬁed OARSI atlas focused on KL grades, exemplifying the presentations of various KL grades. Each rater independently rated each knee on the ordinal KL grade. Quadratic weighted
kappa was calculated as a metric for inter- and intrarater reliability. To
assess intrarater reliability, the order and names of studies were
randomized, and, after at least four weeks of washout, all raters
repeated KL grading of the reordered studies. The two consultants
reached post hoc consensus agreement for all studies they had independently disagreed on. Diagnostic test accuracy (DTA) was calculated
using binomial exact method with consultant consensus as reference.
McNemar’s test was used to compared raters.
Results: ML-tool showed good-to-excellent interrater reliability with
consultant consensus agreement 0.9 (CI95%: 0.86-0.94). Reporting
radiographer agreements with consultant consensus was 0.86 (CI95%:
0.8-0.91) and 0.89 (CI95%: 0.85-0.93). Residents agreement with consultant consensus was 0.88 (CI95%: 0.84-0.92) and 0.89 (CI95%: 0.840.93). Initial interrater agreement among musculoskeletal consultants
was 0.89 (CI95%: 0.86-0.93) before reaching consensus. Intrarater
agreement for consultants: 0.96 (CI95%: 0.94-0.98) and 0.94 (CI95%:
0.91-0.97), for reporting radiographers: 0.85 (CI95%: 0.78-0.92) and
0.84 (CI95%: 0.79-0.90), and for residents: 0.92 (CI95%: 0.89-0.95) and
0.86 (CI95%: 0.81-0.91), for ML-tool: 1 (CI95%: 1-1). Post-hoc, consultants disagreed on 34 knees which they made consensus agreement
on. With consultant consensus agreement as reference test and the
ML-tool had an accuracy of 0.68 (CI95%: 0.58-0.77). Consultant 1 vs.
consultant 2: 0.66 (CI95%: 0.56-0.75) Similar results were found for
reporting radiographers: 0.63 (CI95%: 0.52-0.72) and 0.65 (CI95%:
0.54-0.74), and residents: 0.63 (CI95%: 0.52-0.72) 0.64 (CI95%: 0.530.73). All p-values < 0.0001. McNemar’s test found no statistically
signiﬁcant difference in accuracy among readers, all p-values > 0.05.
Analysis with binary classiﬁcation of presence/absence of KOA (KL0-1:
absent, KL2-3-4: present) found the ML-tool to have an accuracy of
0.92 (CI95%: 0.85-0.96), similar to reporting radiographers: 0.87
(CI95%: 0.79-0.93) and 0.88 (CI95%: 0.8-0.94), and residents: 0.86
(CI95%: 0.77-0.92) and 0.9 (CI95%: 0.82-0.95). When just KL0 and 1
were collapsed into one group, accuracy of the ML-tool was 0.81
(CI95%: 0.72-0.88).
Conclusions: The ML-tool performed reliably compared to consultant
radiologist consensus reading. There was no statistically signiﬁcant
difference compared to reporting radiographers or radiology residents.
Though all readers had surprisingly high intrarater reliability, none
could match the level of the ML-tool, which is to be expected since the
ML-tool is deterministic. Overall, the ML-tool performed on par with
human readers for KL-grading. Because this study used data directly
from the daily clinical routine, we expect similar performance in
clinical setting where it is likely that the ML-tool could replace radiologists in the grading and reporting of KOA severity. A radiologist
would still be needed to assess other pathologies of the radiograph of
course.
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Conclusions: In the general population, radiographic thumb base OA is
more prevalent in women and is strongly associated with age. Its
prevalence doubles roughly every 11 years for both sexes, and women
have 30% higher odds than men to have radiographic thumb base OA at
any point in time.
PRESENTATION NUMBER: 409
SUPER-RESOLUTION AND LEARNED PERCEPTUAL LOSS ALLOWS
HIGH-RESOLUTION IMAGING OF TRABECULAR BONE WITH
CLINICAL CONE BEAM COMPUTED TOMOGRAPHY
€ 1, 2, S.K. Karhula 1, 3, M. Valkealahti 4,
S.J. Rytky 1, M.A. Finnila
€ ger 5, R.K. Korhonen 6,
P. Lehenkari 2, 4, A. Joukainen 5, H. Kro
€ki 1, 7, A. Tiulpin 1, 8. 1 Res. Unit of Med. Imaging,
S. Saarakkala 1, 7, J. Niinima
Physics and Technology, Univ. of Oulu, Oulu, Finland; 2 Med. Res. Ctr., Univ.
of Oulu, Oulu, Finland; 3 Dept. of Radiotherapy, Oulu Univ. Hosp., Oulu,
Finland; 4 Dept. of Surgery and Intensive Care, Oulu Univ. Hosp., Oulu,
Finland; 5 Dept. of Orthopaedics, Traumatology and Hand Surgery,
Kuopio Univ. Hosp., Kuopio, Finland; 6 Dept. of Applied Physics, Univ. of
Eastern Finland, Kuopio, Finland; 7 Dept. of Diagnostic Radiology, Oulu
Univ. Hosp., Oulu, Finland; 8 KU Leuven, Leuven, Belgium

PRESENTATION NUMBER: 408
THE
PREVALENCE
OF
RADIOGRAPHIC
OSTEOARTHRITIS: A META-ANALYSIS

THUMB

BASE

M.J. van der Oest, L.S. Duraku, E.R. Andrinopoulou, R.M. Wouters,
S.M. Bierma-Zeinstra, R.W. Selles, J.M. Zuidam. Erasmus MC, Rotterdam,
Netherlands
Purpose: Osteoarthritis (OA) affects millions of people worldwide. In
hand OA, the thumb base is the most affected single joint. The reported
radiographic prevalence ranges from 0 to 100%, making the true
radiographic prevalence unclear. Hence, we conducted a meta-analysis
on the prevalence of radiographic thumb base OA.
Methods: We performed a search in Embase, Medline Ovid, Web of
Science Core Collection, Cochrane Central Register of Trials, and Google
Scholar. We included studies of the general population that reported
thumb base OA for males and females separately based on a hand
radiograph and reported the age of these groups. Using meta-regression, we estimated the odds ratio (OR) of having radiographic thumb
base OA for age and sex, while adjusting for within-study correlation.
Results: The initial search yielded 4,278 articles; we ﬁnally included 16
studies that reported the age- and sex-stratiﬁed prevalence of 104
subgroups. The prevalence of radiographic OA for the 50-year-old male
and female patients was 5.8% and 7.3%, respectively, while the respective prevalence for 80-year-old male and female patients was 33.1% and
39.0%. We found an OR for having radiographic OA of 1.06 (95%CI[1.055 1.065], p < 0.001) per increasing year of age, and 1.30 (95%CI: 1.05-1.61],
p¼0.014) for women.

Purpose: It is well known that osteoarthritis (OA)-related bone
remodeling modiﬁes trabecular bone structure. Subtle bone changes
can be detected using high-resolution micro-computed tomography
(mCT). However, the current clinical cone-beam CT (CBCT) technology
cannot achieve sufﬁcient resolution and contrast to visualize the
bone microarchitecture. Previously, deep learning has been proposed
to enhance image quality in musculoskeletal imaging, however, most
studies generate low-resolution images using downsampling. This
likely does not account for the real decrease in image quality, which
occurs due to the use of low-resolution imaging devices. The aim of
this study was to 1) enhance the perceptual image quality of human
trabecular bone, and 2) investigate whether the enhanced clinical
CBCT images provide more accurate quantiﬁcation of bone
properties.
Methods: Osteochondral plugs (n ¼ 53, diameter ¼ 4mm) were harvested from total knee replacement patients (N ¼ 9) and asymptomatic
cadavers (N ¼ 2). The samples were imaged using CBCT (Planmed
Verity; 80kv, 12mA, 200mm voxel size, 300 projections) and mCT
(Bruker microCT, Kontich Belgium; 50kV, 200mA, 2.75mm voxel size,
1200 projections), reconstructed, and co-registered to the same coordinate system (Figure 1). The matched reconstructions were split into
train (n ¼ 28, N ¼ 3) and test sets (n ¼ 25, N ¼ 8), which were used to
train a three-dimensional (3D) deep neural network in a 4-fold crossvalidation setting. Small volume patches of size 163 voxels were
enhanced with 4x magniﬁcation, using a network with a 3x3x3 kernel
size for the input layer, resize-convolution, and instance normalization.
The network was optimized using a combination of three-dimensional
perceptual loss (weight ¼ 0.8) and mean absolute error loss (weight ¼
0.2). Both the image-enhancing network and perceptual loss blocks
were simultaneously trained from random initialization. The target
(ground truth) mCT data were downscaled, with a prior antialiasing
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ﬁltering, to a resolution of 50mm for the purposes of model training. We
randomly cropped the training volumes of size 163 from the original
CBCT scanned samples (average sample size ¼ 323). The test-time
prediction for full samples was conducted with a sliding window of
step 43, averaging the overlapping regions. Predicted stacks were
eventually binarized using Otsu thresholding, and a cylindrical volume-of-interest was applied to restrict the analysis to the trabecular
bone (Figure 2). Bone volume fraction (BV/TV) analysis was measured
from the predictions and the ground truth. As a reference method, we
used tricubic interpolation. The results were compared using Pearson’s
correlation analysis.
Results: The predicted super-resolution images from the test set are
visualized in Figure 2. Qualitative inspection of the images reveals
that the model predictions can enhance bone edges and the overall
structure of trabeculae. On the other hand, tricubic interpolation does
not allow for separating the individual trabeculae in case of a dense
trabecular network (BV/TV > 20%), resulting in a more uniform bone
mask. BV/TV analysis on the test set (Figure 3) shows that analyzing
the enhanced images yields also higher quantitative results (r ¼
0.815, p < 0.01) compared to tricubic interpolation (r ¼ 0.510, p <
0.01).
Conclusions: The proposed method enables increased image quality of
trabecular bone images and makes quantiﬁcation of bone microstructural properties possible using CBCT. The limitation of our work is
in the co-registration step, which may yield to a mismatch between the
ground truth and the CBCT. Furthermore, only small samples were
studied ex vivo, and it would be interesting to see how the method
performs in a more realistic environment. The next steps of the study
are to investigate other reference methods (such as U-Net segmentation
of the CBCT data) and investigate how to generate more realistic synthetic data from mCT to mimic CBCT without the co-registration errors.
In the future, a similar method could potentially be used in the clinics to
assess early pathological changes for patients with bone-driven OA
phenotype.

PRESENTATION NUMBER: 410
OSTEOARTHRITIS OF THE HAND: CLINICAL AND ULTRASOUND
PARALLELS
I. Krivotulova, T. Chernysheva, K. Korochina. Orenburg State Med. Univ.,
Orenburg, Russian Federation
Purpose: To evaluate the relationship of clinical characteristics and
laboratory markers of inﬂammation with ultrasound (US) signs of synovitis and tenosynovitis in patients with osteoarthritis of the hand (OAH).
Methods: The study included 62 patients (56 women and 6 men) with a
reliable diagnosis of HOA according to the recommendations of EULAR
(European League Against Rheumatism), 2010 who visited the adaptation therapy clinic of Orenburg State Medical University from September 2018 to December 2019. The mean±SD age was 52.63±11.42
years (range 35-78 years) and the mean±SD disease duration was
8.24±1.76 months (range 3-11 months). The analysis of clinical data
included an assessment of the tender joint count (TJC) (mean±SD 5.63±2.52 joints), the swollen joint count (SJC) (mean±SD - 2.49±1.11
joints) and the patient’s global assessment (0-100 mm visual analog
scale (VAS)) (mean±SD - 42.63±9.97 mm). We evaluated the pain in the
hands, morning stiffness and functional disturbance with the help of a
questionnaire AUSCAN (Australian/Canadian Osteoarthritis Hand
Index) by VAS. The total score was calculated for each category separately and was 212±32.14 scores for pain, 42.63±12.97 scores for stiffness, and 412±97.71 scores for functional impairment. We also
evaluated laboratory markers of inﬂammation: erythrocyte sedimentation rate (ESR) (mean±SD - 18.45±7.14 mm/h) and C-reactive
protein (CRP) (mean±SD - 5.73±3.87 mg/l). We carried out US to
determine the inﬂammatory and destructive changes in 30 joints in
each patient (wrist joints (WJ), metacarpophalangeal (MCP), proximal
interphalangeal (PIP) and distal interphalangeal (DIP) joints and the
ﬁrst interphalangeal joint on the palmar and dorsal sides of both hands)
by the device " Philips Epiq 7" with linear transducer with frequency of
5-18 MHz and the use of Power Doppler (PD). US included the identiﬁcation of synovitis and assessment of the condition of periarticular
tissues to detect periarthritis in the form of tendinitis and tenosynovitis.
We also deﬁned bone and cartilage changes in the form of erosions and
osteophytes in the hands joints. Thus, we examined 1860 joints in
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patients with HOA. Joint effusion, synovial thickening, ﬂow signal in the
synovium, and tenosynovitis were evaluated according to the OMERACT
(Outcome Measures in Rheumatology Clinical Trials) criteria. The
severity of inﬂammatory changes in the joints graded by a semiquantitative score (0-3 grades). The program STATISTICA, 12.0 was used
for statistical analysis. Quality variables are represented as an absolute
number and a percentage of the total number. The Mann-Whitney Utest was used to assess the reliability of differences between values.
Spearman's rank correlation coefﬁcient was calculated to identify the
relationships between variables. The values were considered reliable at
p0.05. The Cohen's kappa coefﬁcient (k) was used to determine the
degree of consistency between the results of the two examination
methods, where k<0.2 represents poor, 0.21-0.40 - mediocre, 0.41-0.60
- moderate, 0.61-0.80 - good, and >0.81 - excellent.
Results: We detected with B-mode US inﬂammatory changes in the
form of synovitis and tenosynovitis in 503 (27%) joints, while clinical
manifestations of arthritis (swelling and/or tenderness of the joints)
were observed in 414 (22.25%) joints. Inﬂammatory changes detected by
US in 152 (8.17%) joints were not revealed during clinical examination. At
the same time, the swelling and/or tenderness noted by us during the
clinical examination in 63 (3.38%) joints were not conﬁrmed by ultrasound. Consistency of results of examinations were observed in 88.44%
cases (k¼0.69) in patients with HOA in comparing the data of clinical
examination and US. Increased Doppler signal power was detected in 99
(5,32%) joints in HOA, of which 85 (4.57%) joints presented swelling and/
or tenderness. The Doppler signal was not registered in 1761 (94.68%)
joints in HOA, of which 318 (17%) joints respectively showed clinical
signs of inﬂammation. The results agreement of clinical examination
and PD US was 82.15% (k¼0.28).We did not ﬁnd a relationship between
clinical and ultrasound signs of arthritis and individual ﬁngers, so the
presence of inﬂammatory changes for each individual joint was considered within a speciﬁc group of joints (MCP, PIP, DIP).We received the
following data in evaluation of the US-results taking into account the
severity of inﬂammatory changes according to a semiquantitative classiﬁcation scale. The predominant degree of severity of inﬂammatory
changes on B-mode and PD US for the patients with HOA was the ﬁrst
grade of synovitis and tenosynovitis detected in 186 (10%) and 168 (9%)
joints respectively. A positive relationship between synovitis and periarthritis of DIP joints (r¼0.52, р<0,05) was found in patients with HOA.
Сorrelation between synovitis and erosions in PIP and DIP joints were
observed (r¼0.49, р<0.05; r¼0.63, p<0.01). Erosive changes were combined with osteophytes in DIP (r¼0.72, р<0,001). We determined correlations between US-signs of synovitis and SJC (r¼0.4, р<0,05). There
were also positive correlations between synovitis and tenosynovitis by
the PD US and a decrease in joint function according to the AUSCAN
index (r¼0.49, p<0.05). Correlations between US-signs of synovitis and
ESR or CRP were not observed in patients with HOA.
Conclusions: HOA is more characterized by synovitis and periarthritis
PIP and DIP joints. Good consistency of results between ultrasound and
clinical indicators conﬁrms that ultrasound is an effective method for
diagnosing the cause of pain. In view of the advantages of low cost,
ultrasound may be a better choice in HOA diagnosis.
PRESENTATION NUMBER: 411
RELIABILITY
OF
LANDMARK
RECOGNITION
AND
ANGLE
MEASUREMENT OF LOWER EXTREMITY X-RAY USING DEEP
LEARNING ALGORITHM
C. Jo 1, 2, S. Ko 1, 2, H.-S. Han 3, M. Lee 3, D. Ro 3, 2. 1 Seoul Natl. Univ. Coll. of
Med., Seoul, Republic of Korea; 2 OrthoInsight Inc., Seoul, Republic of
Korea; 3 Dept. of Orthopedic Surgery, Seoul Natl. Univ. Hosp., Seoul,
Republic of Korea
Purpose: Analyzing X-ray is an essential process for the diagnosis and
treatment planning of patients with knee osteoarthritis. However, it is a
repetitive, energy consuming work in a daily practice. A deep learning
algorithm can recognize speciﬁc anatomical landmark of lower
extremity and can analyze various parameters. This study hypothesized
that there would be a signiﬁcant difference in measurement between
human and algorithm. The object of this study is to develop and validate
a deep learning algorithm that can automatically recognize and analyze
lower extremity X-ray.
Methods: A total of 10,889 long-leg X-rays were used to create a deep
learning model. To train the data, 15 anatomical landmarks were
marked (Figure 1. (a)). Then, 6 angles including, mLDFA(Mechanical
Lateral Distal Femoral Angle), MPTA(Medial Proximal Tibial Angle),

JLCA(Joint Line Convergence Angle), FMA(Femoral Mechanical Angle),
TMA(Tibial Mechanical Angle), HKA(Hip-Knee-Ankle Angle) were
measured. The model was constructed using a convolutional neural
network. Finally, the measurements of the deep learning model were
compared to those of an orthopedic specialist with 12 years of experience. Test-retest reliability was measured with intraclass correlation
coefﬁcient (ICC). The Bland-Altman plot analysis was adopted to estimate the precise limits of agreement with 95% conﬁdence interval (CI).
Results: 15 anatomical landmarks were well found (Figure 1. (b)). Testretest reliability of human and algorithm was satisfactory with the ICC
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values > 0.94 and the p-values < 0.001 for all angles (Table 1). The
Bland-Altman plot was shown as following (Figure 2).
Conclusions: There was no signiﬁcant difference in measurement
between human and algorithm. The deep learning model showed the
performance of an orthopedic specialist with 12 years of experience.

PRESENTATION NUMBER: 412
RELIABILITY AND CONCURRENT VALIDITY OF THREE-DIMENSIONAL
ULTRASOUND FOR QUANTIFYING KNEE CARTILAGE VOLUME
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patients more rapidly than MRI while providing similar or greater
volumetric measurement accuracy will improve the workﬂow of
arthritis clinics and provide a more accessible alternative than MRI.
Future work will assess the longitudinal construct validity of 3D US
measurements in patients diagnosed with knee OA. Future work will
also assess the intra- and inter-rater reliabilities of 3D US FAC measurements in a longitudinal study to monitor the progression of FAC
change and degradation for early detection of knee OA.

S. Papernick 1, R. Dima 2, D.J. Gillies 1, T. Appleton 3, A. Fenster 1. 1 Robarts
Res. Inst., London, ON, Canada; 2 Western Univ. Canada, London, ON,
Canada; 3 Schulich Sch. of Med. and Dentistry, London, ON, Canada
Purpose: Cartilage degradation, a hallmark of knee osteoarthritis (OA),
has motivated efforts to characterize disease severity through measuring loss of femoral articular cartilage (FAC). Clinical assessments and
longitudinal monitoring of knee OA are commonly performed by x-ray
radiography and magnetic resonance imaging (MRI). However, x-ray
imaging is not capable of assessing joint inﬂammation due to a lack of
soft-tissue contrast. MRI is not feasible for point-of-care disease classiﬁcation due to high manufacturing and operating costs, long acquisition times, and is inaccessible to some patients. There is currently a
tremendous clinical need for an objective imaging-based tool that can
overcome these limitations to assess knee OA status, progression, and
response to treatment at the patient’s bedside. Conventional twodimensional (2D) ultrasound (US) imaging is an inexpensive, portable,
and high-resolution imaging modality, but 2D US images are subject to
detection bias and challenges with repeatedly measuring the same
location over time with high accuracy. 2D US is also subject to operator
dependencies and interpretations. We have developed an inexpensive
handheld mechanical 3D US device to monitor OA-induced FAC degradation. Our 3D US device operates by continually acquiring conventional 2D US images at regular spatial intervals while the transducer is
mounted to a drive mechanism and translated over a distance of 4 cm.
The aim of this study is to assess the reliability and validity of our
handheld 3D US device for measuring the volume of FAC in healthy
volunteers compared to the current clinical standard of MRI.
Methods: Bilateral knee images of healthy volunteers (n ¼ 25) were
acquired using MRI and 3D US. MR images were acquired using a 3.0
Tesla MRI GE Healthcare scanner with an HD T/R Knee Array Coil (8
channels). The excitation ﬂip angle was 5 with a repetition time (TR) of
30 ms and an echo time (TE) of 11.71 ms. 3D US images were acquired
using a Canon Aplio i800 US machine equipped with a 14L5 linear
transducer with a 58 mm footprint length and an operating frequency
of 10 MHz (frequency range 3.8 MHz - 10.0 MHz). The conventional 2D
US transducer was mounted to our mechanical scanning device via a
3D-printed transducer mold. The trochlear FAC was manually segmented from MRI and 3D US by two raters after receiving training from
a rheumatologist possessing extensive diagnostic and interventional
musculoskeletal ultrasonography experience (Fig. 1). Five knees were
randomly selected by each rater to conduct repeated segmentations
during sessions separated by a two-week washout period for intra-rater
reliability analysis. Intra- and inter-rater reliabilities were assessed
using intraclass correlation coefﬁcients (ICCs) calculated from FAC
segmentation volumes. Relationships between MRI and 3D US segmentation volumes were assessed using Spearman correlation and
linear regression (n ¼ 25).
Results: The mean age of volunteers included in this study was 29.9 ±
14.5 and mean BMI was 23.4 ± 3.3, with 15 females and 10 males. MRI
intra-rater ICCs were 0.97 [(0.79, 1.00), p ¼ 0.001] and 0.90 [(0.25, 0.99),
p ¼ 0.002] for each rater with an inter-rater ICC of 0.83 [(0.48, 0.94), p <
0.0001]. 3D US intra-rater ICCs were 1.00 [(0.98, 1.00), p < 0.0001] and
0.98 [(0.84, 1.00), p ¼ 0.0003] for each rater with an inter-rater ICC of
0.96 [(0.90, 0.98), p < 0.0001]. Spearman correlation between MRI and
3D US segmentation volumes revealed a strong correlation with r ¼
0.88 [(0.75, 0.95), p < 0.0001] and linear regression revealed R2 ¼ 0.85
[(0.75, 0.95), p < 0.0001]. Similar mean segmentation volumes and
mean absolute volume differences between intra- and inter-rater
comparisons were observed using the same modality for each rater
(Table 1).
Conclusions: We have demonstrated that 3D US FAC segmentations are
associated with excellent intra- and inter-rater reliabilities (ICC > 0.90)
and possess strong agreement with MRI FAC volume measurements.
The development of a handheld 3D US device that is capable of imaging

Mean volumes ± standard deviations (SDs) for all intra-rater and inter-rater
comparisons
Mean
Mean Volume
Absolute
Volume [cm3]
(repeated) [cm3]
Difference [cm3]
Intra-rater (n ¼ 5)
MRI
4.71 ± 1.18
4.76 ± 1.20
0.232 ± 0.152
(rater 1)
MRI
4.56 ± 1.10
4.20 ± 1.04
0.366 ± 0.351
(rater 2)
3D US (rater 1)
2.52 ± 1.01
2.53 ± 0.96
0.0516 ± 0.0531
3D US (rater 2)
2.15 ± 0.92
2.17 ± 1.08
0.167 ± 0.111
Inter-rater (n ¼ 25)
MRI
4.79 ± 1.23
4.38 ± 1.03
0.494 ± 0.465
3D US
2.29 ± 0.72
2.30 ± 0.64
0.155 ± 0.134

Mean volumes ± standard
deviations (SDs) for all intrarater
and
inter-rater
comparisons
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PRESENTATION NUMBER: 413
SUBREGIONAL ANATOMICAL PREVALENCE OF CARTILAGE DAMAGE
IN KNEES WITH RADIOGRAPHIC DISEASE SEVERITY KELLGRENLAWRENCE 2 AND 3: THE MOST STUDY
F.W. Roemer 1, 2, D.T. Felson 2, J.J. Stefanik 3, G. Rabasa 2, N. Wang 2,
M. Crema 2, T. Neogi 2, J.A. Lynch 4, M.C. Nevitt 4, J. Torner 5, C.E. Lewis 6,
A. Guermazi 2, 7. 1 Friedrich-Alexander Univ. Erlangen-Nürnberg (FAU),
Erlangen, Germany; 2 Boston Univ. Sch. of Med., Boston, MA, USA;
3
Northeastern Univ., Boston, MA, USA; 4 Univ. of California San
Francisco, San Francisco, CA, USA; 5 Univ. of Iowa, Iowa City, IA, USA;
6
Univ. of Alabama, Birmingham, AL, USA; 7 VA Hlth.care System, West
Roxbury, MA, USA
Purpose: Imaging plays an important role in deﬁning structural disease
severity and potential suitability of patients recruited to disease-modifying osteoarthritis drug (DMOAD) trials. A common target tissue of
DMOADs is cartilage and structural success of a clinical trial is usually
deﬁned by reduced cartilage loss or increase in cartilage thickness
compared to placebo, commonly in the medial tibio-femoral joint (TFJ).
To be eligible for inclusion into a DMOAD trial from a structural perspective, knees with Kellgren-Lawrence (KL) grades 2 and 3 are typically included. These knees exhibit deﬁnite structural disease, are at risk
for progression, but are not considered end-stage. To date anatomical
patterns and distribution of cartilage damage based on MRI and ordinal
grading approaches have not been well described. In addition, bone
marrow lesions (BMLs) are one of the recognized pain-generating features of OA and subregions with both BMLs and cartilage damage have
increased risk of structural progression. Thus, knees or compartments
exhibiting both cartilage damage and adjacent BMLs may be particularly relevant for targeted treatment approaches. Thus, aims of this
study were to assess the prevalence 1) of any cartilage damage in 14
articular subregions and 2) of any cartilage damage and adjacent BMLs
in the same articular subregion.
Methods: The Multicenter Osteoarthritis (MOST) study is a prospective
cohort study of individuals 60-79 years with or at risk for knee OA. All
baseline MRIs of subjects included in the MOST study with radiographic
disease severity KL 2 and 3 were included. MRI was performed using a
1.0 T extremity system at the two clinical sites using axial and sagittal
proton-density weighted sequences and a coronal STIR sequence. Knee
MRIs were read by two experienced MSK radiologists for cartilage
damage from 0 to 6 regarding subregional area and full thickness
involvement according to the WORMS scoring system in 14 articular
subregions: (4 subregions of the patellofemoral joint (PFJ): medial
patella (mP), lateral patella (lP), anterior medial femur (amF), anterior
lateral femur (alF); 5 subregions of the medial TFJ: central medial femur
(cmF), posterior medial femur (pmF), anterior medial tibia (amT), cental
medial tibia (cmT) and posterior medial tibia (pmT); 5 subregions in the
lateral lTFJ: central lateral femur (clF), posterior lateral femur (plF),
anterior lateral tibia (alT) central lateral tibia (clT), posterior lateral tibia
(plT). BMLs were assessed according to WORMS from 0-3 in the same
subregions. The ranks of affected subregions for KL2 and 3 knees
combined were assessed for all 14 subregions as well as for those knees
with any cartilage damage and concomitant BMLs in the same
subregion.
Results: 445 knees had a radiographic disease severity of KL2 and 317
knees were KL3 at the MOST baseline visit. Concerning KL2 and 3 knees
combined the ranking of subregions in terms of prevalence of any cartilage damage in these knees was: 1.) cmF (79.7%) 2.) mP (72.8%) 3.) cmT
(68.8%) 4.) lP (57.9%) and 5.) pmF (53.7%). For those subregions with
adjacent BMLs the prevalence of the most affected subregions was: 1.)
cmT (28.2%) 2.) cmF (26.6%) 3.) pmF (17.0%) 4.) alF (15.2%) and 5.) clT
(12.1%). Details are presented in Table 1.
Conclusions: In KL2 and 3 knees cartilage damage is most commonly
observed in the cmF (~80%) subregion followed by the mP and cmT
(both ~70%) subregions. The most commonly affected subregion with
cartilage damage and concomitant BMLs is the cmT (30%) followed by
the cmF (27%) and pmF (17%). The heterogeneity knees with structural
disease severity Kellgren-Lawrence 2 and 3 show a wide spectrum of
subregional structural involvement and subregional disease burden
(e.g. concomitant presence of cartilage damage and BMLs). MRI seems
to be a preferable screening instrument for clinical DMOAD trials given
that radiography is only able to show osseous changes related to OA
such as osteophytes and joint space narrowing which represents an
indirect surrogate for cartilage damage, meniscal damage and
extrusion.

PRESENTATION NUMBER: 414
PILOT IMAGING OF EX VIVO MENISCUS USING PHASE-CONTRAST
ENHANCED SYNCHROTRON MICRO-TOMOGRAPHY
E. Einarsson 1, M. Pierantoni 2, V. Novak 3, J. Svensson 1, 4, H. Isaksson 2,
€, Sweden; 2 Lund Univ., Lund, Sweden;
M. Englund 2. 1 Lund Univ., Malmo
3
Paul Scherrer Inst., Villigen, Switzerland; 4 Skane Univ. Hosp., Lund,
Sweden
Purpose: We aimed to investigate the feasibility of performing synchrotron radiation-based phase-contrast micro-tomography of ex vivo
human meniscus. An advantage with the use of synchrotron light is that
the high radiation and coherence enables fast imaging with high resolution. Additionally, the use of phase contrast has the beneﬁt of achieving high contrast in soft tissues. Thus, in this pilot study, for the ﬁrst
time we obtained and analyzed high-resolution phase-contrast images
with the purpose to visualize and describe collagen structures of the
healthy meniscus.
Methods: We used human medial meniscus samples from a biobank.
The samples were harvested from deceased donors, three women and
one man, 18, 43, 74 and 77 years old, respectively, without known knee
osteoarthritis. A 4 mm radial slice was cut from the central body and
stored frozen in phosphate buffered saline until imaging. Imaging of the
thawed samples were conducted at the X02DA TOMCAT beamline at the
Swiss Light Source, Switzerland, using a pco.edge 5.5 camera, with FOV
4.2 x 3.5 mm, exposure time of 33ms, energy 15keV, 2001 projections
over 180 , and propagation distance 150mm. The reconstructed images
had a voxel side length of 1.63 mm. Two volumes of 0.5x0.5x0.5 mm3
from each sample, approximately at the center of the inner and middle
zone of the meniscus respectively, were chosen for the image analysis
(Figure 1a). We calculated orientation maps using the structure tensor.
Also, three texture features; contrast, correlation and energy, were
calculated using gray level co-occurrence matrices (GLCMs) that were
summed over four directions (0, 45, 90 and 135 ) and the slices of the
volume.
Results: Collagen ﬁbers could be clearly seen in the images (Figure 1b).
Calculated orientation maps further visualized the ﬁber direction
(Figure 1c). Main direction of the ﬁbers was, as expected, circumferential. Images of one of the samples showed clear degeneration in
the shape of fraying at the tissue border. A clear difference could be seen
in the tissue structure of the inner zone of this sample compared to the
others (ﬁgure 2). This sample was excluded from the subsequent
analysis. The calculation of texture features resulted in high correlation
values (mean values 0.82 and 0.83 in the inner and middle zone
respectively) and low energy values (mean values at the order of 10-3),
reﬂecting that the healthy meniscus is a highly structured and heterogeneous tissue. A somewhat lower contrast value in the middle zone
(mean value of 60 compared to 77 in the inner zone) could reﬂect that
the collagen ﬁbers are more strictly ordered there compared to the
inner zone.
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Conclusions: Synchrotron radiation based phase contrast imaging is a
promising tool to investigate ex vivo meniscus in health and disease
without the use of tissue ﬁxation or embedding. It may be particularly
useful to gain new insights in collagen ﬁber degradation and disorientation in osteoarthritis, and the tissues’ response to mechanical
loading.

Figure 1 Example images of the placement of two regions of interest

at the center of the meniscus middle and inner zone, respectively
(a), a slice of the chosen volume (middle zone) viewed from the tip
of the meniscus (b) and an orientation map were ﬁbers directed
horizontally are colored red, vertically blue and through the image
plane green (c).
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3mm as positive. A radiographic severity of knee OA was classiﬁed into
four grades using the Kellgren-Lawrence (K/L) classiﬁcation and subjects were selected from K/L 2. In plain radiograph examination, medial
joint space width (mJSW) was evaluated, and who has less than 173
femorotibial angle (FTA) were rejected. Knee pain was evaluated by
using Visual analog scale (VAS). The relationship between MME, AME
and knee pain was analyzed using Spearman's rank correlation analysis
and multiple regression analysis. All analyses were undertaken using
the statistical package SPSS version 27.
Results: Subjects were deveined to four groups. Group 1: control group
(AME negative & MME negative: 187patients[19.0%, mean age 72.0y.o ])
, group 2: only AME (AME positive & MME negative: 242patients, 24.5%,
72.3y.o), group 3: only MME (AME negative & MME positive:
213patients, 21.6%, 72.7 y.o), group 4: AME & MME (AME positive &
MME positive: 344patients, 34.9%, 73.1y.o). mJSW had no signiﬁcant
change in each group (group 1: 5.00±.0.84, group 2: 5.17±0.90, group 3:
5.00±0.84, group 4:5.04±0.87). But in multiple regression analysis of
knee pain VAS scale has higher risk in group 4, compared with group 1
[group 1: 5.59±.12.13, group 2: 5.64±12.90, group 3: 7.67±16.01, group
4: 7.95±14.63, b ¼ 1.56(95%CI: 1.08-2.25, p¼0.017,adjusted by Age,
gender, BMI)].
Conclusions: Medial meniscus could be stretched radially not only
medial but also anterior-posterior direction by osteophyte and cause
load distribution disorder. This can explain that the pain becomes
stronger even if the same radiographic severity knee OA and no difference in mJSW. Meniscus extrusion occurs not only in the medial side
but also in anterior side and could increase the risk of pain.
PRESENTATION NUMBER: 416
IMAGING THE OSTEOCHONDRAL INTERFACE FOR POTENTIAL EARLY
DIAGNOSIS OF OSTEOARTHRITIS WITH A NANOPARTICLE-BASED
CONTRAST AGENT
M. Oliveira Silva, K.S. Stok. The Univ. of Melbourne, Parkville, Australia

Figure 2 Example images from the inner zone of a normal meniscus

(a) and a visually degenerted meniscus (b).
PRESENTATION NUMBER: 415
ASSOCIATION BETWEEN MEDIAL AND ANTERIOR MENISCAL
EXTRUSION AND KNEE PAIN IN PRIMARY STAGE OF KNEE
OSTEOARTHRITIS
M. Momoeda 1, H. Kaneko 1, T. Aoki 2, L. Liu 1, Y. Negishi 1, A. Arepati 1,
X. Ji 2, H. Huang 1, 2, J. Tomura 1, S. Wakana 1, Y. Someya 2, Y. Tamura 2, 3,
y. Watada 2, 3, R. Kawamori 2, 3, M. Ishijima 1, 2. 1 Dept. of Med. for
Orthopedics and Motor Organ, Juntendo Univ. Graduate Sch. of Med.,
Tokyo, Japan; 2 Sportology Ctr., Juntendo Univ. Graduate Sch. of Med.,
Tokyo, Japan; 3 Dept. of Metabolism & Endocrinology, Juntendo Univ.
Graduate Sch. of Med., Tokyo, Japan
Purpose: Osteoarthritis of the knee (knee OA) is a slowly progressive
joint disease and a leading cause of impaired mobility in the elderly.
Functional meniscus disorder and osteophyte formation has been a
secondary phenomenon of the pathogenesis of knee OA, and medial
meniscus extrusion (MME) is one of the important roles in the process
of OA pathogenesis, but its pathogenic mechanism remains unclear.
Histologically, osteophytes are composed of the cartilage and bone
parts. Because of the limitation in detectability of the cartilage part of
osteophytes by radiography or conventional magnetic resonance
imaging (MRI), we have reported that the cartilage part of osteophytes
can be detected by using T2 mapping MRI. And we also reported that
there is a correlation between osteophyte and MME (Arthritis Res Ther
2017). Furthermore, we showed Proton weighted image taken by MRI
can detect not only MME, but also Anterior part of osteophyte and
Anterior meniscus extrusion (AME) in sagittal section (JOA 2020). The
aim of this study was to examine association between AME and MME
and clinical outcome such as knee pain in primary stage of knee OA.
Methods: Sample size of this study was 986 patients (52.6% female
patients) who had participated the Bunkyo Health study over 65-yearold, underwent both the plain radiograph in the standing position and
MRI on knee joint. The knee joints were analyzed using 3T MRI system.
We evaluated MME length by coronal section, and AME length by
sagittal section in MRI. MME and AME length were deﬁne over than

Purpose: The osteochondral interface has been identiﬁed as a key
structure in the development of osteoarthritis. As the disease develops,
subchondral bone thickens and large perforations appear. Furthermore,
the bone mineral quality is reduced and bone cysts appear, alongside a
breakdown in cartilage matrix and proteoglycan loss. To investigate this
phenomenon in the progression of OA we propose using preclinical
investigations of small animal models with contrast enhanced microcomputed tomography (microCT) in a longitudinal manner. This allows
the observation of disease in a controlled environment in a time- and
cost-efﬁcient manner. However, imaging porous channels in the
osteochondral interface requires a contrast agent to better delineate the
porous channels of the osteochondral interface from other regions with
similar X-ray attenuation. It has been demonstrated that lanthanide
nanoparticles can provide excellent clinical CT contrast at different
energies (80-140 kVp). However, the use of these nanoparticles for
imaging the osteochondral interface has not been reported nor has it
been explored for use in small animal models in microCT, which operate
at lower energies (45-70 kVp). Therefore, the aim of this work is to
investigate microCT attenuation of a biocompatible lanthanide-based
nanoparticle contrast agent and its diffusion into subchondral bone of
the mouse femur.
Methods: The hybrid metal nanoparticles described in this work are
composed of Barium (Ba), Ytterbium (Yb) and Fluoride (F) encapsulated
with a silica shell (SiO2) forming BaYbF5-SiO2 nanoparticles. BaYbF5
nanoparticles were synthesized through a series of thermal treatments
(110 C and 270 C) as described in the literature. BaYbF5 were coated
with silica through a water-in-oil microemulsion method with a silica
precursor. The femur of a C57BL/10 mouse carcass was excised and ﬁxed
in an Eppendorf tube with Technovit® 3040 resin. The femur was
scanned ﬁrstly without any contrast agent using microCT (vivaCT80,
Scanco Medical AG, Brüttisellen, CH) with a 3.9 mm voxel size; 70 kVp;
114 mA; 706 ms integration time. Following the no-contrast scan, the
tube was ﬁlled with contrast agent (BaYbF5-SiO2 nanoparticles) at
concentration 250 mg/mL and scanned four times, with a 90 minutes
interval between scans. For each scan, a volume of interest (VOI) 24 x 24
x 107 was deﬁned in each of three regions, speciﬁcally the subchondral
bone, the epiphyseal marrow space, and the background (Figure 1).
Average microCT attenuation of the VOI for each region was obtained
using the histogram function in Scanco Medical's image processing
software (IPL v5.42).
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Results: Figure 2 (a,b) shows a cross-section of the femur before and
after immersion in the contrast agent, where background and marrow
space attenuation is clearly increased by the contrast agent. It can be
noted that not all marrow spaces have been ﬁlled with the contrast
agent, suggesting there is no route for ﬂow of the contrast agent into
these regions of the epiphysis. Although differences in the subchondral
cortical region cannot be discerned by eye, the attenuation has shifted,
as shown in Figure 2c. This shows the histograms of the subchondral
cortical region before and after immersion in contrast agent. It is
noticeable that the histogram of the cortical region with contrast agent
has shifted to the right indicating a higher mean attenuation.

The mean greyscale attenuation [1/cm] of the subchondral cortical
bone, epiphyseal marrow space and background regions did not change
in subsequent scans after initial immersion in the contrast agent, Figure 3. This indicates that diffusion of the contrast agent quickly achieved
equilibrium.

Conclusions: This work has demonstrated the feasibility of a BaYbF5SiO2 nanoparticles for exploring changes in the osteochondral interface.
The microCT attenuation of the subchondral bone increased in the
presence of the contrast agent due to diffusion into the tissue. Although
the bone cortical region has an expected high x-ray attenuation, a
contrast agent that is able to increase that attenuation with changes in
osteochondral interface health has potential for exploring the interface
in more detail. Longitudinal studies investigating progressive osteoarthritis in small animal models could beneﬁt from data describing
changes in diffusion of the osteochondral interface. Next steps for this
work will explore delivery of the contrast agent through vascular
routes, speciﬁcally targeting the nutritional pathways of the osteochondral interface. In conclusion, the BaYbF5-SiO2 nanoparticle-based
contrast agent is a good candidate for high-resolution imaging of the
osteochondral interface with microCT.
PRESENTATION NUMBER: 417
MENISCUS IS EXTRUDED NOT ONLY MEDIALLY BUT ALSO
ANTERIORLYAND RADIAL DISPLACED MENISCUSIS ASSOCIATED
WITH CARTILAGE DESTRUCTION IN KNEE OSTEOARTHRITIS
A. Arepati 1, 2, H. Kaneko 1, Y. Negishi 1, L. Liu 1, T. Aoki 2, M. Momoeda 1,
S. Wakana 1, J. Tomura 1, Y. Someya 2, Y. Tamura 2, 3, Y. Watada 2, 3,
R. Kawamori 2, 3, M. Ishijima 1, 2. 1 Dept. of Med. for Orthopaedics and
Motor Organ, Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan;
2
Sport ology Ctr., Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan;
3
Dept. of Metabolism & Endocrinology, Juntendo Univ. Graduate Sch. of
Med., Tokyo, Japan
Purpose: It has been believed that degeneration and wear of articular
cartilage is an early change of the pathology of osteoarthritis of the knee
(knee OA) and, other intra-articular structures, such as meniscus tear,
subchondral changes, and synovitis, are secondary change of the disease. However, recent clinical researches have suggested that other
intra-articular structures, especially meniscus and subchondral bone,
may play a crucial role for increasing the risk for cartilage destruction in
knee OA. In addition, meniscus displacement (meniscus extrusion) has
been revealed to be a one of the risk factors for incidence and progression of knee OA. We previously reported that as osteophyte is
composed of not only bone-part but also cartilage-part, when we
evaluate cartilage-part of osteophyte, in addition to bone-part of
osteophyte, almost all patients with early- to primary-stage of knee OA
showed osteophyte and MME was closely associated with tibial osteophyte width (Arthritis Res Ther 2017). We also reported that osteophyte
is formed not only medially but also anteriorly in the healthy elderlies
(Japanese Orthopaedic Association 2020). However, the developmental
mechanism of MME has not been elucidated.In this study, we investigate the relationship between anterior and medial extrusion of the
medial meniscus of OA and cartilage destruction.
Methods: A total of 1,629 subjects aged between from 65 to 84 years of
age participated in the Bunkyo Health Study, which is conducted by our
university, during from November 2015 to September 2018. A written
informed consent was obtained all participants of this study. 1,191
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among 1,629 subjects underwent both the plain radiograph in the
standing position and MRI on knee joint. As 46 among 1,191 who
showed lateral type of knee OA (femoro-tibial angle <173) were
excluded, the remaining 1,145 subjects (55.7% females, 72.9 years of age
on average) were analyzed. A radiographic severity of knee OA was
classiﬁed into four grades using the Kellgren-Lawrence (K/L) classiﬁcation. OA-structural changes of the subjects were also evaluated
separately using MRI proton-density fat-saturated (PDFS). While MME
and medial tibial osteophyte were evaluated using coronal sections,
anteriorly meniscus extrusion (AME) and anterior tibial osteophyte
were evaluated using sagittal sections in PDFS images. Cartilage
destruction was evaluated by the Whole-Organ Magnetic Resonance
Imaging Score (WORMS). The presence of MME and/or AME was
deﬁned when meniscus was medially and/or anteriorly displaced for 3
mm.
Results: The radiographic severities of knee OA of the subjects were K/L
0: 0; K/L 1: 16 (1.4%); K/L 2: 986 (86.1%); K/L 3: 106 (9.3%); K/L 4: 37
(3.2%). The subjects were divided into 4 groups according to the presence or absence of meniscal extrusion: [1] Group 1: both AME & MME
negative: 198 subjects, 17%, mean age 72.1 y.o.; [2] Group 2: AME positive & MME negative: 249 subjects, 22%, 72.7 y.o.; [3] Group 3: AME
negative & MME positive: 240 subjects, 21%, 73.1 y.o.; [4] Group 4: Both
AME & MME positive: 458 subjects, 40%, 73.6 y.o.. The proportion of
radiographic severity among the subgroups were follows: K/L 1 was [1]
25%, [2] 13%, [3] 31%, [4] 31% and K/L 4 was [1] 3%, [2] 0%, [3] 3%, [4] 94%
(Fig1). Signiﬁcant difference of the cartilage destruction scores of the
subjects were observed: [1] 0.97±2.59, [2] 1.09±2.32, [3] 1.74±3.04, and
[4] 3.47±4.51 (p¼0.001). In addition, the risk of cartilage destruction
(age, gender, and BMI adjusted) was signiﬁcantly higher in all three
groups in comparison to Goup1 [1]: [2] OR:1.70 (95% CI: 1.04-2.79,
p¼0.035), [3] OR:2.10 (95% CI: 1.31-3.38, p¼0.002), and [4] OR:5.30 (95%
CI: 3.45-8.14, p¼0.001) (Table1).
Conclusions: Meniscus attaches anatomically to the proximal tibia by
anterior and posterior roots. Since meniscus extrusion is associated
with osteophyte, it is suggested that the meniscus may be elongated not
only medially but also anterior and posterior direction. Meniscus
extrusion is also suggested to be occurred from early stage of knee OA.
The joint space narrowing is reported to be contributed mainly by
meniscus extrusion compared to cartilage destruction. Based on these
data, it is considered that the risk of cartilage destruction may increase,
as the contact area of tibial and femoral cartilage increases by the
meniscus extrusion. The results of this study suggest novel insight into
the important information for the mechanism of meniscus extrusion. In
conclusion, meniscus is displaced not only medially but also anterial
and radial displaced meniscus is associated with cartilage destruction in
knee OA.
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Cartilage lesion

Adjusted OR (95%)

p

MME (-) and AME (+)
MME (+) and AME (-)
MME (+) and AME (+)

1.70 (1.04 - 2.79)
2.10 (1.31 - 3.38)
5.30 (3.45 - 8.14)

0.035*
0.002*
0.001**

Reference: Subgroup without MME and AME [MME (-) and AME (-)]. p by
multinomial logistic regression. Adjusted by Sex, Age and BMI.

Table1

Risk for cartilage lesion by the
presence
of
meniscus
malposition

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 418
WALKING SPEED IS ASSOCIATED WITH MRI-DETECTED STRUCTURAL
CHANGES OF THE KNEE OSTEOARTHRITIS IN HEALTHY ELDERLIES
-THE BUNKYO HEALTH STUDY
J. Tomura 1, H. Kaneko 1, Y. Negishi 1, T. Aoki 2, L. Liu 1, M. Momoeda 1,
A. Arepati 1, S. Wakana 1, Y. Someya 2, Y. Tamura 2, 3, R. Kawamori 2, 3,
M. Ishijima 1, 2. 1 Dept. of Med. for Orthopaedics and Motor Organ,
Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan; 2 Sportology Ctr.,
Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan; 3 Dept. of
Metabolism & Endocrinology, Juntendo Univ. Graduate Sch. of Med.,
Tokyo, Japan
Purpose: Walking speed is one of the health indicators and a predictor
of lifespan in elderlies (JAMA 2011). The prevalence of knee osteoarthritis (knee OA) increases with age, and >80% of women over 80
years of age showed knee OA in Japan. However, knee OA was evaluated
using radiography in this case. It has been recently shown that when
MRI was used under the concept of “early-stage of knee OA”, OA
changes were initiated much earlier than those evaluated using radiography. A population based observational study, in which 710 people
aged >50 years of age (62.3 years of age in average) who had no
radiographic evidence of knee OA [Kellgren-Lawrence (KL) grade 0] and
underwent MRI of the knee, showed that the prevalence of any
abnormality on MRI was 89% overall (BMJ 2012). In this study, based on
the hypothesis that walking speed in healthy elderlies is associated with
knee OA changes evaluated by MRI, we examined the relationship
between walking speed and knee OA changes in participants in a large
cohort study.
Methods: A total of 1,629 subjects aged between from 65 to 84 years of
age were participated in a large cohort study conducted by our university (the Bunkyo Health Study) during from November 2015 to
September 2018 (BMJ Open 2019). A written informed consent was
obtained from all participants of this study. 1,191 among 1,629 subjects
underwent both the plain radiograph in the standing position and MRI
on knee joint. As 46 among 1,191 subjects who showed lateral type of
knee OA (femoro-tibial angle <173) were excluded, the remaining 1,145
subjects (55.7% females, 72.9 years of age on average) were analyzed.
Walking speed of the subjects was measured for 5m at the self-selected
speed for each subject. The structural changes of the knee OA were
evaluated by knee plain radiography in standing position and MRI. A
radiographic severity of knee OA was classiﬁed into four grades using
the Kellgren-Lawrence (K/L) classiﬁcation. FTA and medial joint space
width (mJSW) were also measured with radiography. Pain severity and
evaluation of clinical symptoms were measured with visual analogue
scale (VAS) and Japanese Knee Osteoarthritis Measure (JKOM), respectively. Cartilage lesion, bone marrow lesion (BMA), subchondral bone
attrition (SBA), subchondral bone cyst (SBC), osteophyte, and synovitis
were evaluated using whole organ magnetic resonance imaging score
(WORMS). Correlations between walking speed and structural changes
of the knee OA were examined using a multiple regression analysis
adjusted by age, sex, and BMI.
Results: Waking speed in the subjects was 1.89 ± 0.34 m/sec (0.751-3.47
m/sec). The radiographic severity of medial knee OA of the subjects in
the present study was 0 (0.0%) for K/L0, 16 (1.3%) for K/L 1, 986 (86.1%)
for K/L 2, 106 (9.3%) for K/L 3, and 37 (3.2%) for K/L 4. FTA and mJSW of
the subjects were177.5 ± 2.5 and 4.87 ± 3.69 mm, respectively. Pain
VAS and JKOM of the subjects were 8.6 ± 16.1 and 6.9 ± 8.6, respectively.
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Among radiographic indexes, walking speed was negatively correlated
with knee OA severity (KL grade) (p for trend <0.001), while it was
positively correlated with mJSW (r ¼ 0.119, p<0.001). Among MRIdetected structural changes of the knee OA, walking speed was correlated with WORMS score (r ¼ -0.194, p <0.001), cartilage lesion (r ¼
-0.157, p <0.001), bone marrow lesion (BMA: r ¼ -0.118, p <0.001),
subchondral bone attrition (SBA: r ¼ 0.071, p ¼ 0.016), subchondral bone
cyst (BMC: r ¼ -0.157, p <0.001), osteophyte (r ¼ -0.169, p <0.001), and
synovitis ( r ¼ -0.063, p ¼ 0.033). In multiple regression analysis with
walking speed as the dependent variable adjusted by age, gender, and
BMI, bfor each parameters were shown as below: FTA (b ¼ -0.007 [95%
CI: -0.014, 0.000], p ¼ 0.06), mJSW (b ¼ 0.017 [0.000, 0.034], p ¼ 0.044),
WORMS score (b ¼ -0.002 [-0.003, -0.001], p ¼ 0.001), cartilage (b ¼
-0.006 [-0.011, -0.001], p ¼ 0.013), BML ( b ¼ -0.009 [-0.019, 0.000], p ¼
0.049), BMC (b ¼ -0.008 [-0.018, 0.001], p ¼ 0.081), SBA: (b ¼ 0.005
[-0.002, 0.013], p ¼ 0.161 ), Osteophyte: (b ¼ -0.003 [-0.005, -0.001], p ¼
0.002), synovitis: (b ¼ -0.013 [-0.035, 0.009], p ¼ 0.238).
Conclusions: Walking speed was associated with MRI-detected structural changes of knee OA in healthy elderlies.
PRESENTATION NUMBER: 419
IN VIVO MULTIMODAL IMAGING OF INFLAMMATION IN ARTICULAR
CARTILAGE AFTER JOINT INJURY
A. Ruiz 1, A. Duarte 1, D. Bravo 1, E. Ramos 1, C. Zhang 1, R. Koch 1,
M.K. Cowman 2, T. Kirsch 1, M. Milne 3, L.G. Luyt 3, J.G. Raya 1. 1 NYU Sch.
of Med., New York, NY, USA; 2 NYU Tandon Sch. of Engineering, New York,
NY, USA; 3 The Univ. of Western Ontario, London, ON, Canada
Purpose: There is increasing evidence that inﬂammatory mechanisms
play a central role in mediating the development and progression of
posttraumatic osteoarthritis (PTOA) after injury. However, we still lack
methods to diagnose inﬂammation in vivo, especially on avascular tissues like articular cartilage. Imaging techniques like contrast-enhanced
MRI can measure inﬂammatory vasodilation but lacks molecular speciﬁcity and fail in avascular tissues such as ligaments and cartilage. On
the other hand, molecular imaging has potential to characterize with
high speciﬁcity a pathway overtime with tissue speciﬁcity. The aim of
this research is to use molecular imaging to characterize a therapeutic
target for knee PTOA. We aim to validate contrast agents that target
hyaluronan (HA)-mediated inﬂammatory signaling through interactions with HA and HA-cell receptors.
Methods: Contrast agents. P15-1 peptide is a 15-mer peptide (HSTMMSRSHKTRSHHV-OH) with homology to HA binding sequences of
RHAMM that reduces inﬂammation in excision bounds and chondrocytes treated with IL-1b. Based on its HA-binding capability and the
increased levels of HA and HA-receptors in inﬂamed joint tissues, we
anticipated that P15-1 will bind to active sites of inﬂammation. Two
versions of P15-1 peptide were synthetized for our validation experiments, 1) an optical imaging probe (Cy5.5-P15-1) by placing a NIR ﬂuorophore to the amino-terminal group of the peptide and 2) an MR
imaging probe (Gd-DOTA-P15-1) by conjugating the peptide to a GdDOTA chelating complex. In vitro experiments with optical imaging. We
tested the accumulation of Cy5.5-P15-1 (2 ug/ml, 1 uM) on synovial cells
(SW982) and chondrocytes (TC28a2) under inﬂammatory (presence of
IL-1b) and non-inﬂammatory conditions by using an automated
microscope system. Contrast agent was added to the media and images
at 40x magniﬁcation were acquired every hour for 24 h and then every 6
h for 72 h. Animal model. We induced PTOA in mature male SpragueDawley rats by surgical transection of the anterior cruciate ligament
(ACLT) or by mechanical rupture of the ACL (ACLR). 8 weeks after surgery/procedure, rats generated PTOA that was conﬁrmed by histology.
In vivo validation experiments with optical imaging. Eight weeks after
surgery, rats were intraarticularly injected with 10 mg of Cy5.5-P15-1
(0.5 mM) by using an ultrasound guided injection setup (n¼9 ACLT n¼9
sham). NIR imaging was acquired before injection, and 3, 6, 12, 24, 48
and 72 h after injection. A three-compartment tracer-kinetic model was
ﬁtted to the data. This model provide a time scale for elution of the
contrast agent and the fraction of contrast agent retained in the joint.
Tissue localization of NIR-tracer was analyzed by ﬂuorescence microscopy in sagittal cryosections of the joints. Cartilage was segmented to
calculate average NIR signal and cartilage damage was graded by
adapting OARSI score. In vivo validation experiments with MRI. We used

MRI to test the diagnostic potential of the contrast agent. We injected
both limbs of 12 rats (n¼6 ACLT, n¼6 ACLR) intraarticularly with GdDOTA-P15-1 (5 mM, equivalent to half Gd concentration administered
in human arthrogram). MRI protocol included an inversion recovery
turbo-spin echo (IR-TSE) sequence (resolution¼100100750 mm3, TE/
TR¼12.5/5343 ms, turbo-spin factor¼5, echo spacing¼6.25 s, 12 inversion times from 0.05 to 5 s, 8 slices, acquisition time¼35min/knee). All
rats underwent bilateral knee MRI 24 h before injection, and 24 and 48
h after injection on a Bruker 7T magnet using a 4-element receive
surface coil. T1 maps were calculated from IR-TSE images and cartilage
was segmented to calculate average T1 value.
Results: In vitro experiments with optical imaging. Figure 1A shows an
example of accumulation of Cy5.5-P15-1 on human chondrocytes.
Cy5.5-P15-1 started to accumulate on the cells after 9-12 h of incubation with a dramatic increase in Cy5.5-P15-1 signal over a short period
of time (1-2 h) and a posterior slowly decay over time. Once bound to
cells, contrast agent remained at the same position over time. We found
higher accumulation of Cy5.5-P15-1 in chondrocytes subjected to
inﬂammatory conditions (44.3% vs 8.2%), while accumulation remained
unaffected on synovial ﬁbroblasts (7.3% vs 5.8%) (Fig. 1B). In vivo validation experiments with optical imaging. Figure 2A shows an example of
one animal examined over time and after the last imaging time on the
excised limbs (including X-ray). The elution curve of the contrast agent
from 9 animals over a period of 72 h is shown in Fig. 2B. ACLT joints
showed increased retention of contrast agent from 12 to 72 h after
injection. The retention fraction of contrast agent was over 12% for the
ACLT group and below 0.25% in the control group. Half-life of the long
eluting component of the model was 12 h. Fluorescence microscopy
showed that Cy5.5-P15-1 had a distinct pattern of accumulation. Cy5.5P15-1 principally accumulated on chondrocytes, predominantly in
those situated in the deep cartilage layer and in the calciﬁed cartilage;
and in the pericellular matrix on the more superﬁcial cartilage (Fig. 3A).
Quantitative analysis of the histology on cartilage showed a signiﬁcant
higher accumulation of Cy5.5-P15-1 in cartilage ACLT joints compared
to controls (þ40.9%, p<0.001). Uptake of Cy5.5-P15-1 varied for different cartilage plates, with femur showing the largest accumulation
(þ57.0%), followed by patella (þ23.1%) and tibia (þ16.6%). Cartilage NIR
ﬂuorescent signal (Cy5.5-P15) was signiﬁcantly associated with OARSI
grades (Fig. 3B, 1-way ANOVA, p<0.05). Femur showed a signiﬁcant
correlation between contrast agent accumulation and cartilage damage
(rho¼0.54, p<0.01). In vivo validation experiments with MRI. Figure 4A
shows example of T1 maps on an ACLT and a control knee. Over time
after there was a signiﬁcant T1 decrease in all cartilage plates in the ACL
injured but not in controls (Fig. 4B). At 48 hours T1 dropped in ACL
injured knees between -12% to -18% (-15% globally, p<0.05) while it did
not change in control groups (-2% globally, p¼0.86). Both injury models
(ACLT and ACL rupture) showed the same trend of T1 decrease. At 48 h,
logistic regression models identiﬁed an optimal threshold of 0.1 s in T1
change to differentiate between ACL injured and controls. No control
limbs had a T1 reduction larger than 0.1 s, while T1 decreased more than
0.1 s for all but one ACL-injured limbs, whose baseline T1 value (1.08 s)
was in the range of controls. These results may indicate that HAmediated inﬂammation is common after ACL injury.
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investigate and phenotype PTOA pathogenesis, as well as study therapeutical interventions.
PRESENTATION NUMBER: 420
PREDICTING RESPONSE TO VITAMIN D TREATMENT ON
OSTEOARTHRITIS-A RADIOMICS NOMOGRAM STUDY BASED ON
MAGNETIC RESONANCE IMAGING
T. Lin, Jr. 1, S. Fu, Jr. 2, D. Zeng, Jr. 2, S. Lu, II 1, M. Zhou, Jr. 1, J. Li, Jr. 1,
T. Chen, Jr. 1, T. Fan 1, C. Lang, IV 1, J. Ma 2, X. Quan 1, F. Cicuttini, V 3,
Z. Zhu, Sr. 1, C. Ding, V 1. 1 Zhujiang Hosp. of Southern Med. Univ.,
Guangzhou, China; 2 Sch. of BioMed. Engineering, Southern Med. Univ.,
Guangzhou, China; 3 Dept. of Epidemiology and Preventive Med.,
Monash Univ., Melbourne, Australia
Purpose: To develop and validate a radiomics nomogram by combing
the optimized radiomics features extracted from magnetic resonance
imaging (MRI) images and clinical characteristics for predicting the
treatment response of vitamin D supplementation deﬁning as 20%
improvement of knee pain on patients with osteoarthritis (OA).
Methods: Participants were selected from the Vitamin D Effects on OA
(VIDEO) study, which is a randomized, placebo-controlled, and doubleblinded clinical trial. 216 patients in Hobart center underwent MR scans
of the target knees using a 1.5 T MRI scanner were analyzed. We segmented and depicted tibial subchondral bone region of interests that
beneath articular cartilage and above epiphyseal line. Radiomics-based
predicting models incorporating the radiomics features and independent clinical risk factors were constructed using Relief (RELF) based
feature selection method and logistic regression (LR) based classiﬁcation method, and expressed as a nomogram in the training cohort
(n¼172). The performance of radiomics nomogram was assessed by
discrimination, calibration and clinical constructive validity. The results
were then validated in an independent validation cohort (n¼44).
Results: A total of 974 radiomics features were extracted from T1 and T2
images for each patient in the training cohort (n¼172). The radiomics
nomogram incorporating six selected radiomics features, sex, total knee
pain score, radiographic OA (ROA) score, bone marrow lesions (BML)
achieved a better discrimination performance than clinical model (sex,
total knee pain score, ROA and BML) in both training (AUC: 0.77 versus
0.70) and validating cohort (AUC: 0.80 versus 0.71). The calibration
curve showed satisfactory concordance between the observed and
estimated frequencies in both cohorts. Additionally, radiomics nomogram outperformed the clinical model with favorable net reclassiﬁcation index (NRI) [0.20 (95% CI: 0.06-0.34) in training cohort and 0.24
(95% CI: 0.02-0.48) in validating cohort]. Decision curve analysis conﬁrmed the clinical usefulness of radiomics nomogram for predicting
treatment response of vitamin D supplementation on OA patients.
Conclusions: The MRI based radiomics nomogram achieves a favorable
predictive efﬁcacy in differentiating responders from non-responders
among OA patients treated with vitamin D. This proof-of-concept study
provides a promising way to predict clinical outcomes of certain OA
treatments.

Performance
measures

Conclusions: This study is the ﬁrst direct in vivo indication for the
involvement of inﬂammation in cartilage after joint injury. Our results
provide insights into the pathogenesis and role of inﬂammation in
PTOA, showing that hyaluronan-related inﬂammation is a common
ﬁnding. Beyond the P15-1 peptide, we have demonstrated that the
methods of molecular imaging can provide a versatile technology to

Overall
Brier
R2
Discrimination
C-statistic
Calibration
Calibration
Slope
H-L test
(p-value)

Training
cohort

Internal validation
cohort

Nomogram

Clinical
model

Nomogram

Clinical
model

0.19
0.28

0.22
0.16

0.19
0.33

0.21
0.17

0.77

0.70

0.80

0.71

1

1

0.98

0.99

0.34

0.71

0.82

0.42

Performance evaluation of the
radiomics models
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Figure 1 Schematic illustrating the fusion of upsampled tri-planar
images into one high-resolution image.The ﬁnal afﬁne and non-linear anatomical templates were created in two stages with a groupwise multi-resolution registration approach to avoid registration bias
towards a single reference subject. First, we constructed an unbiased
template from masked images excluding the patella due to its variable
location in superior-inferior direction. This template then initialised
the group-wise construction of the ﬁnal template which included the
patella.
PRESENTATION NUMBER: 421
CONSTRUCTION OF AN ANATOMICAL TEMPLATE OF THE KNEE AND
VOXEL-BASED KNEE PATHOLOGY-PAIN MAPPING
C. Arthofer 1, 2, Y. Zedan 1, 3, C. Tench 1, 4, T. Kurien 5, B. Scammell 3, 5,
R. Kerslake 1, 3, D. Auer 1, 3. 1 NIHR Nottingham BioMed. Res. Ctr., QMC,
Univ. of Nottingham, Nottingham, United Kingdom; 2 Sir Peter Mansﬁeld
Imaging Ctr., Sch. of Med., Univ. of Nottingham, Nottingham, United
Kingdom; 3 Versus Arthritis Pain Ctr., Univ. of Nottingham, Nottingham,
United Kingdom; 4 Div. of Clinical NeuroSci.s, Clinical Neurology, Univ. of
Nottingham, QMC, Nottingham, United Kingdom; 5 Div. of Rheumatology,
Orthopaedics and Dermatology, Sch. of Med., Univ. of Nottingham,
Nottingham, United Kingdom
Purpose: Pain is the principal symptom of knee osteoarthritis (OA),
with approximately three quarters of OA patients experiencing constant
pain. Amongst the pathological bony abnormalities in knee OA, subchondral bone marrow lesions (BMLs) are cardinal. The lesion-symptom discordance is a long-standing observation as about 50% of patients
with structural OA radiographic features are asymptomatic. To date,
topographical data is not fully utilised in the widely used radiographic
scales and classiﬁcation systems. Identifying the mechanistic relationships between BMLs topography and pain may prove useful to better
understand knee OA pain and help guide biomechanical research in
knee OA.
The purpose of this research was: (a) to create unbiased anatomical
templates of the knee, (b) to introduce the technical development of
knee pathology-pain mapping (KPPM) in a cohort of patients with
advanced knee OA, and (c) to establish the feasibility and proof-ofconcept of topographical group-level analysis to characterise the link
between BMLs’ location and pain using a BML probability map.
Methods: This preliminary analysis used data from a previously
acquired study. Pre-operative MR imaging of the knee joint (3T GE MR
750 Discovery, GE Healthcare, Massachusetts, US) using an 8-channel
knee coil was performed in patients with painful knee OA awaiting knee
arthroplasty. Pain severity was measured with a visual analogue scale
(VAS, 0 -10 cm). 18 participants (11 females) with a mean age of 68.2
years (SD¼5.8, range¼59.4-79.1) and a mean pain VAS of 4.7 (SD¼2.6,
range¼1-8) were included. A Fat-saturated proton-density-weighted
sequence was acquired in sagittal, coronal, and axial planes with a high
in-plane resolution of 0.3125 x 0.3125 mm (SAG: TE/TR¼29/3270 ms,
COR: TE/TR¼29/2767ms, AX: TE/TR¼32/2718 ms; FA¼142 , FOV¼16
cm, matrix¼512 x 512, 27-32 slices, slice thickness¼3 mm). Our preprocessing pipeline included N4 bias ﬁeld correction, upsampling to
isotropic voxel size and histogram matching to standardise intensities.
Rigid registration was used to align the tri-planar images of each subject
followed by voxel-wise averaging of overlapping regions to obtain one
high-resolution image Si (Figure 1).

BMLs were semi-automatically segmented in coronal and sagittal slices
in the subjects’ native spaces by a trainee radiologist (Figure 2). Similar
to the pipeline applied to the anatomical images, the acquired coronal
and sagittal label maps were upsampled to isotropic voxel size, spatially
aligned, and fused. The fused label maps were transformed to the
average template by applying the corresponding transformation
acquired during the iterative registration process to them. All individual
label maps were then averaged to obtain the ﬁnal probabilistic label
map in template space.

Figure 2 The semi-automated segmentation pipeline includes (a) the

manual outlining of bone boundaries, (b) automatic identiﬁcation of
hyperintense voxels enclosed by the yellow line based on intensity
thresholding, and (c) manual conﬁrmation of an outlined pathology
by the reader (orange region).Similar to the underlying method used
in voxel-based morphology and voxel-based lesion-symptom mapping (VLSM), our KPPM approach examines the spatial relationship
between the structural lesions and pain by comparing the pain scores
of participants with and without a BML at each voxel. Permutationbased thresholding with t-statistic originally used in VLSM was tested
on a real dataset. We also implemented and tested permutation-based
thresholding with binary logistic regression (BLR) for validation.
Results: Figure 3 shows the ﬁnal unbiased anatomical templates after
afﬁne registrations and further nonlinear registrations. Coronal slices of
the afﬁne template and probabilistic map are shown in Figure 4. BMLs
showed a characteristic pattern as they were predominantly detected in
the medial femoral condyle and the opposing medial tibial plateau.
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Figure 5 KPPM-derived T map after using VLSM with voxel-wise
Figure 3 Knee template after iterative afﬁne registrations (top) and

subsequent nonlinear registrations (bottom).

thresholds of p < 0.05 overlaid on the afﬁne structural template.
Conclusions: In this technical development work, we present a pipeline for
the construction of unbiased anatomical templates of the knee and a
topographical BML map in a cohort of patients with advanced knee OA. We
also introduce KPPM to enable group-level analyses and investigate the
spatial relationship between structural lesions and pain. Feasibility and
proof of concept was demonstrated on BML data with preliminary results in
line with mechanistic evidence from biomechanical studies. Despite these
promising results, further work will incorporate more subjects to enhance
template construction and KPPM variability. The evidence from this
research may have signiﬁcant implications for mechanistic pain studies in
OA by examining the topographical association between OA pathology and
pain which may help guide biomechanical intervention strategies.
Acknowledgments: his research was supported by the NIHR Nottingham
Biomedical Research Centre and the University of Nottingham. Data was
acquired as part of a study funded by a Joint Medical Research Council and
Royal College of Surgeons of Edinburgh Clinical Research Training Fellowship (MR/L017245/1) and a British Association for Surgery to the Knee
Research Fellowship.
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TOWARD ACCURATE MRI BONE AND CARTILAGE SEGMENTATION IN
SMALL DATA SETS VIA AN IMPROVED MASK RCNN: DATA FROM THE
OSTEOARTHRITIS INITIATIVE
B. Felfeliyan 1, A. Hareendranathan 2, G. Kuntze 3, J. Jaremko 2,
J. Ronsky 1. 1 Univ. of Calgary, Calgary, AB, Canada; 2 Univ. of Alberta,
Edmonton, AB, Canada; 3 Univ. of Calgary, Calgary, AB, Canada

Figure 4 Coronal cuts of the afﬁne template overlaid on the proba-

bilistic map.
KPPM was conducted in simulated and real BML and pain VAS data
using VLSM and BLR. A cluster of voxels with a relatively large t-statistic
of up to 3.7 was detected as a hotspot in the medial aspect of the tibial
plateau. This ﬁnding indicates a strong lesion-symptom association
between BMLs in this location and pain (Figure 5). BLR application to
the same dataset revealed a hotspot in the same location. Further validation tests were undertaken in a simulated dataset using VLSM and
BLR which were able to discriminate between correlated and uncorrelated locations.

Purpose: Objective assessment of osteoarthritis (OA) images can address
the limitations of current OA assessment. Bone and cartilage segmentation
is a necessary component for the objective assessment of OA which helps
quantify tissue characteristics such as volume and thickness. In recent years
many methods have been proposed based on artiﬁcial intelligence (AI)
techniques for segmenting bone and soft tissues. Unfortunately, most of
these segmentation methods require large data sets, or separate AI networks to segment each anatomic structure. Generating pixel-wise labels of
anatomy in MRI is time-consuming and costly for human experts, and is not
always available for a large number of subjects. Due to the shortage of
labeled datasets, validating the generalized performance of these methods
on different scanners or joints is a challenging task. Mask R-CNN is an
instance segmentation framework that allows simultaneous segmentation
and classiﬁcation of different anatomical structures (like femoral head and
cartilage) using a single model. We developed a modiﬁed improved Mask RCNN framework that increases the accuracy of the segmentation along the
boundaries of the cartilage, which could add clinical value is OA assessment.
The purpose of this study is to evaluate the feasibility of using an
optimized AI technique (Mask R-CNN) to identify multiple bones and
cartilage structures in the knee to simultaneously identify multiple
tissues, trained with only a small MRI data set.
Methods: MRI Data: A total of 410 Knee MRIs from the publicly available Osteoarthritis Initiative (OAI) dataset with gold-standard manual
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segmentation masks (from OAI ZIB dataset) for bone and cartilage were
selected randomly from 508 scans. The 3D DESS sequence (voxel-size
0.7 x 0.35 x 0.35 mm) and manually generated expert gold-standard
labels for bone and cartilage supplied by OAI investigators were used for
each knee. 10 scans were randomly withheld as a test set. The Network
was trained twice on two different randomly selected two small data
sets of 10 scans each. As a benchmark, we also trained the network on
all 400 scans with 10 scans used as the test-set.
AI: The original Mask R-CNN recognizes objects and locations by evaluating the coordinates of a bounding box in which the objects are situated
in the image. Then, it applies convolution on cropped features obtained
from extracted bounding boxes to extract pixel-wise masks. However, the
extracted mask is not sufﬁciently precise around the edges of the detected
objects. To improve the segmentation performance, we developed a new
head network for the Mask R-CNN (Figure 1). A small decoder (up-convolution layer) is added to the head to increase the spatial resolution of
feature maps by up-sampling. Furthermore, higher resolution feature
maps are fused into the added decoder in the header by skip connections
which ensure spatial localization of features. Fusing feature maps into the
decoder recovers the spatial information that has been lost in the network via a series of down-samplings for the feature extraction procedure.
The backbone (ResNet) of the network, responsible for feature extraction,
was initialized with weights pre-trained on the MS COCO (Microsoft
Common Objects in Context) detection dataset. The performance of these
two networks were evaluated and compared using the Dice similarity
coefﬁcient and Hausdorff distance for bone and cartilage.
Results: Accuracy metrics (Table 1) reveal that the maximum Hausdorff
distance for all the surfaces was between 12 to 21 pixels (4-7.5 mm) for both
“improved Mask RCNN” (I-Mask-RCNN). The Dice coefﬁcient was greater
than 0.95 for bones and was greater than 0.8 for cartilages. The results had
strong visual face validity for the bony cortex, with only minor variation in
cartilage surfaces (Figure 2). Furthermore, all of the 3 I-Mask-RCNNs (Figure 2 (c,d,e)) performed better in pixel-wise segmentation than the original
Mask RCNN (Figure2 f). The two I-Mask-RCNN trained networks on 10 scans
show similar pixel-wise segmentation (Figure 2 (c and d)), and their result is
close to the I-Mask-RCNN trained on 400 scans (Figure 2 (e)).
Conclusions: The I-Mask R-CNN was able to simultaneously detect and
segment multiple regions of bone and cartilage with high accuracy when
trained on knee MRIs of just 10 patients. This approach shows promise for
efﬁcient automated image analysis in settings where small patient data
sets and limited resources for human expert image labeling are available.
The I-Mask-RCNN outperformed the original Mask R-CNN, even when
trained on a small data set. Training results were similar for two different
sets of 10 training scans, indicating that the method has generalization
capability over different sets of data. Increasing the size of the training set
to 400 scans further improved the performance only slightly. In the tradeoff between the desired performance and available data, the large additional time and cost in labeling 390 more scans are unlikely justiﬁed in
most situations. The proposed approach lowers the need for large training datasets, which will be beneﬁcial for new MRI sequences and to
segment other tissues in knee MRI. Our innovations to the network
(adding a small decoder and embedding a higher resolution feature map
into the decoder), result in a mask prediction more sensitive to image
details and improve network performance around the edges of bone and
cartilage. Future directions will focus on further improvements in cartilage segmentation using additional reﬁnements of this type of network.

Evaluation on 10
Scans TestSet

Dice

I-Mask-RCNN Trained
on ﬁrst 10 scans
I-Mask-RCNN trained
on second 10 scans
I-Mask-RCNN Trained
on 400 scans
Original Mask R-CNN
Trained on
400 scans

0.974 0.820 0.970 0.809 12.82 12.13 19.66 14.89

F

Max Hausdorff distance
FC

T

TC

F

FC

T

TC

0.974 0.822 0.965 0.806 14.23 14.02 20.19 15.65
0.977 0.830 0.975 0.807 12.07 13.15 8.09

13.40

0.960 0.700 0.950 0.810 15.60 19.20 33.04 40.66

Quantitative evaluation results
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DYNAMIC AND GUIDED KNEE MOTION UNDER LOADING DURING
FAST MAGNETIC RESONANCE IMAGING: A NOVEL DEVICE
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Purpose: Due to its non-invasive, direct multi-planar capabilities and
excellent soft tissue contrast at high spatial resolution, magnetic resonance imaging (MRI) is a powerful modality in the evaluation of early
stage osteoarthritis (OA). However, MRI of the knee is conventionally
performed in static positions that do not represent the actual dynamic
physiology of the joint. It is particularly relevant to evaluate musculoskeletal conditions in the context of motion and/or loading as deviations from normality can be intimately involved in the development
and exacerbation of pathology and pain. For this reason, in vivo measurements of joint motion and loading are necessary to understand
physiological and pathological joint mechanics. The purpose of this
work was to develop a MRI-safe device for dynamic imaging of the knee
joint that allows for loaded, active knee motion in the sagittal plane.
Secondary objectives were to present preliminary data obtained from
dynamic MRI as an example of potential device application; and to
characterize the participant experience during a knee motion protocol.
Methods: Device Speciﬁcations. The knee motion/loading device was
speciﬁcally designed for a 3T whole-body MRI scanner with a 60 cm
diameter bore (Magnetom Prisma, Siemens) (Figure 1). The device can
be used with either knee, with the participant lying supine or prone.
The main components were built out MRI-safe materials (i.e., nonmetallic, non-conducting, non-magnetic), including polyoxymethylene,
polylactic acid ﬁlament and glass-ﬁber reinforced plastic. The baseplate
sits atop the patient table proximally; and atop the rails within the bore
of the scanner distally. The baseplate has an opening in its center
through which the lower leg can move up and down. The participant is
positioned with the pelvis and lower limbs on the proximal portion of
the baseplate and with the upper body extended onto the padded
patient table. The index knee is instrumented with a suitable ﬂex coil.
The joint’s axis of rotation is aligned with that of the device, and the
lower leg is secured to the leg support; the contralateral leg is placed
alongside the bore. Knee motion is guided by a belt and sprocket
assembly that runs along either side of the lower leg and connects to a
gearbox that is put into motion by the leg support when the participant
actively ﬂexes and extends the knee. A ﬁber optic rotary encoder
(Micronor) enables real-time monitoring of knee ﬂexion angles. The
gearbox interlinks with a rack and pinion gear, upon which weight
plates can be placed to adjust the magnitude of knee loading. The
rotational direction of the gears can be manipulated to elicit different
types of knee muscle contraction (i.e., eccentric or concentric contraction of the quadriceps or hamstring). MRI Data Acquisition. MRI was
acquired from one volunteer (male, 65 kg, 39 years old) without prior
lower-limb injury/surgery or known musculoskeletal conditions with
said 3T scanner and one element of an 8-channel multipurpose ﬂex coil
(Variety, NORAS). The participant actively performed several knee
ﬂexion-extension cycles “as slowly as possible” to accommodate the
MRI data sampling rate; an external load of 10 kg was applied. Dynamic
imaging was acquired using two-dimensional, dual-echo, radial gradient-echo imaging with the following parameters: 1.3 x 1.3 x 3.5 mm3,
2298 Hz/pixel acquisition bandwidth, 2.4 ms and 4.9 ms TE, 8.0 ms TR,
10 excitation ﬂip angle and a single sagittal slice, resulting in a temporal resolution of 0.5 s per frame. The datasets were reconstructed
ofﬂine with MATLAB using re-gridding with iterative sampling density
compensation and an optimized kernel. Participant Reported Outcomes.
Ten male participants (age 35.0 ± 6.4 years; body mass index 23.9 ± 2.2
kg/m2) without prior lower-limb injury/surgery or known lowerextremity conditions completed an active knee motion protocol with an
applied external load of 35 kg. Data were acquired outside the MR
environment using a specialized setup to emulate the physical constraints of the MR bore. Participants actively performed a two-minute
bout of cyclic knee ﬂexion-extension to the beat of a metronome (4
cycles/min). Subsequently, participants were asked the following
questions to help characterize their experience: (1) How physically
exerting was the task? (2) How much pain did you experience (and
where)? (3) How much discomfort did you experience (and where)? (4)
How difﬁcult was it to keep focused on the task? Each question was
scored from 0 “none/not at all” to 10 “extreme(ly)”.
Results: Device Speciﬁcations. The device was designed to allow for ~35
of knee motion; i.e. from 0 (full extension) to 35 of ﬂexion. Data
acquired for the 10 participants conﬁrmed maximum knee ﬂexion
angles of 38.6 ± 3.4 , which varied depending on foot length and ankle
position (plantar/dorsiﬂexed). Furthermore, the device allows for the
application of up to 40 kg of external load. However, due to the various
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components implicated in generating knee motion (i.e., sprockets,
belts), the actual load actively moved by the knee muscles is less than
the applied external load. This linear relationship can be expressed
using the following equation: load moved by knee muscles ¼ 0.14 
external load þ 0.94. Thus, a maximum external load of 40 kg z 6.3 kg
(or 62 N) applied to the muscles. Depending on the moment arm (i.e.,
distance from the knee axis of rotation and the adjustable ankle rest),
the device can impose knee moments of ~20-27 Nm (without
accounting for the mass of the lower leg/foot). MRI Data. Dynamic MRI
images acquired in sagittal orientation during active knee motion are
shown in Figure 2. The images capture the knee motion without motion
artifacts, allowing adequate visualization of the various knee joint
structures including bones (femur, tibia, patella), articular cartilage,
patellar tendon, and Hoffa fat pad. Participant Reported Outcomes. The
self-reported scores were as follows: 5.1 ± 2.1 points for physical
exertion; 0.8 ± 1.4 points for pain; 3.4 ± 3.3 points for discomfort; and
3.0 ± 1.0 points for focus. Out of the 10 participants, 3 reported pain and
5 reported discomfort in the index thigh.
Conclusions: The novel, MRI-safe device effectively allowed for guided
knee motion during loaded, active ﬂexion and extension. Physiologically relevant knee range of motion and moments were achieved.
Dynamic MRI enabled adequate visualization of knee joint structures. In
general, a knee loading protocol of extended duration (2 min) with near
maximal loads (35 kg) were well tolerated by the participants; though,
measurement protocols should be optimized to minimize pain and
discomfort, especially in clinical populations. Moving forward, this
device could be used to advance our understanding of physiological and
pathological joint mechanics. Ultimately, the technology could be
extended for use in clinical settings for real-time imaging of patients
with knee pain and/or pathology; it could play a vital role in effectively
diagnosing, monitoring and treating tissue changes that occur in OA
much earlier and with greater sensitivity and speciﬁcity than static
imaging.
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LONGITUDINAL REPRODUCIBILITY OF T1r AND T2 QUANTIFICATION
IN A MULTI-VENDOR MULTI-SITE STUDY
R. Lartey 1, A. Nanavati 1, J. Kim 1, M. Li 1, K. Nakamura 1, W. Shin 1,
C.S. Winalski 1, N. Obuchowski 1, M. Tanaka 2, E. Bahroos 2, T.M. Link 2,
P.A. Hardy 3, Q. Peng 4, J. Kim 5, K. Liu 6, M. Fung 7, C. Wu 8, 9, X. Li 1.
1
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Einstein Coll. of Med. and Monteﬁore Med. Ctr., Bronx, NY, USA;
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Arbor, MI, USA; 7 GE Healthcare, Waukesha, WI, USA; 8 Dept. of Med.
Physics, Mem. Sloan Kettering Cancer Ctr., New York, NY, USA; 9 Phillips
Healthcare, Andover, MA, USA
Purpose: Osteoarthritis (OA) is a degenerative joint disease that affects
multiple tissues in the joint, presenting with a deterioration of articular
cartilage. T2 and T1r relaxation times have been shown to be promising
biomarkers for early detection of OA due to its sensitivity to cartilage
matrix degeneration. However, few studies examined their reliability in
a multi-site multi-vendor setting, which is critical for future large-scale
trials that use such quantitative measures and for clinical translation of
these techniques. This study aimed to 1) evaluate the multi-vendor
multi-site reproducibility of a product T2 mapping sequence (2D multiecho spin-echo [MESE]); and 2) to evaluate longitudinal reproducibility
of 3D MAPSS T1r and T2, and 2D MESE T2, separated by 6-12 months, in a
multi-vendor multi-site setting.
Methods: Four 3T MR systems from four different sites and three
vendors (Siemens, GE, and Philips) with dedicated knee coils were used
for this study. Multiple measures were collected using agarose gel
phantoms (2%, 3%, 4%, manufactured by the Phantom Lab) while varying
coil position horizontally (center, left 60 mm, right 60 mm). In addition,
ﬁve subjects were scanned with same day rescan (after repositioning) at
each site, including two traveling volunteers whose knees were scanned at all four sites at baseline and follow up of 6-12 months. The
imaging protocol included 3D MAPSS T1r and T2 imaging, 2D T2 multiecho spin echo (MESE) T2 imaging, high-resolution gradient echo (GRE)
imaging or dual echo steady state (DESS). Imaging data was transferred
to one site for centralized post-processing. Phantom ROIs were segmented fully automatically. In human subjects, cartilage was segmented
semi-automatically into six compartments (medial/lateral femur [MFC/
LFC], medial/lateral tibia [MT/LT], trochlea [TRO], and patellar [PAT])
using the ﬁrst echo of the reference image for each subject, which was
the baseline images at Site 1. All other scans at all sites of the same
subject were registered, and the segmentation was overlaid to assure
registration accuracy. A multiresolution registration consisting of a rigid
transformation followed by a non-rigid deformation was used to register the images with the Mattes mutual information metric. Monoexponential two-parameter relaxation time ﬁtting was performed to
generate parameter maps. Mean values and standard deviations were
then computed for each region of interest. Coefﬁcients of variation
(CVs) were calculated for 1) intra-site scan/rescan repeatability for each
site in the phantoms and the volunteers, 2) inter-vendor inter-site
variations in the phantoms and traveling volunteers across sites, and 3)
intra-site variations between the baseline and follow-up scans in the
phantoms and traveling volunteers.
Results: For the phantom data, the average intra-site scan-rescan CVs
for 2DT2 were 0.37%-2.45% with an average inter-site CV of 5.96% at
baseline (Table 1a). Additionally, the average intra-site variations
between the baseline and follow-up scans for T1r, 3DT2, and 2DT2 were
1.37-3.35%, 1.71-3.78%, and 1.02-2.54%, respectively (Table 2a). For the
human subjects, the average intra-site scan-rescan CVs for 2DT2 were
2.02%-3.86% with an average inter-site CV of 12.51% at baseline (Table
1b). Also, for the longitudinal reproducibility across the two time points,
the average intra-site CVs for T1r, 3DT2, and 2DT2 were 2.04-4.87%, 2.897.34%, and 1.67-4.59% respectively (Table 2b).
Conclusions: The intra-site repeatability for the baseline 2DT2 phantom
data was found to be excellent at all sites and MR systems (CV < 5%). Yet,
there were noticeable differences seen across vendors, which may be
explained by the different B0 and B1 inhomogeneities with different RF
coils and each MR system, and different implementations of the
sequence at each MR platform. The inter-site inter-vendor variations in
human subjects of 2DT2 (product sequence) were slightly higher than
previously reported inter-site inter-vendor variations of MAPSS T1r and
T2 (8.14% and 10.06% respectively) at baseline. Excellent longitudinal

reproducibility was observed for all the three quantitative sequences in
phantoms (< 4%) and human subjects (CV < 5%).

Phantom 2%-1 2%-2 3%-1 3%-2 4%-1 4%-2 Average
Intra-site CV (%) Site
Site
Site
Site
Inter-site CV (%)

Table 1a

1
2
3
4

1.02
2.12
0.05
1.38
5.05

1.05
2.68
0.02
1.44
4.74

1.00
2.42
0.50
1.62
5.73

Baseline 2DT2 intra and intersite CV for 2DT2 for
phantoms.

Cartilage MFC
Intra-site CV (%) Site
Site
Site
Site
Inter-site CV (%)

Table 1b

0.84
2.41
0.58
1.23
5.77

1
2
3
4

1.92
3.52
6.97
4.52
13.05

1.05
2.29
0.78
1.93
6.86

1.17
2.78
0.28
1.19
7.62

1.02
2.45
0.37
1.47
5.96
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MT

LFC

LT

TRO

PAT Average

4.23
2.51
2.07
0.76
13.70

2.70
1.24
1.23
0.77
10.60

2.82
0.28
4.95
2.98
15.19

2.49
1.23
4.20
3.63
14.77

3.01
3.34
3.71
2.41
7.76

Baseline 2DT2 intra and intersite CV for 2DT2 for human
subjects.

2.86
2.02
3.86
2.51
12.51

Osteoarthritis
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T1r

2%-1

2%-2

3%-1

3%-2

4%-1

4%-2

Average

Site 1
Site 2
Site 3
Site 4
3DT2
Site 1
Site 2
Site 3
Site 4
2DT2
Site 1
Site 2
Site 3
Site 4

1.55
2.51
1.64
2.97
2%-1
1.73
3.00
2.19
3.47
2%-1
0.95
2.25
1.86
2.52

0.99
2.83
2.61
2.43
2%-2
1.35
3.17
1.96
3.08
2%-2
0.81
2.48
1.82
2.78

1.31
2.97
2.32
2.50
3%-1
1.42
3.42
2.44
3.90
3%-1
1.04
2.49
2.18
2.36

1.19
4.31
3.04
2.56
3%-2
1.68
2.91
1.80
4.62
3%-2
1.04
2.46
1.54
2.48

1.77
4.69
2.20
5.05
4%-1
2.25
2.77
2.80
4.59
4%-1
1.22
2.40
1.80
2.68

1.40
2.80
1.66
2.51
4%-2
1.80
3.06
2.07
2.99
4%-2
1.09
2.57
2.00
2.42

1.37
3.35
2.52
3.00
Average
1.71
3.05
2.21
3.78
Average
1.02
2.44
1.87
2.54

Table 2a

Longitudinal intra-site baseline
vs follow-up CV for phantoms.
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T1r

LFC

MFC

LT

MT

TRO

PAT

Average

Site 1
Site 2
Site 3
Site 4
3DT2
Site 1
Site 2
Site 3
Site 4
2DT2
Site 1
Site 2
Site 3
Site 4

1.57
2.37
0.16
1.05
LFC
4.75
5.79
1.24
5.32
LFC
7.25
0.79
2.69
2.33

1.72
5.87
2.49
5.89
MFC
4.20
4.84
1.86
8.46
MFC
7.40
3.34
8.02
5.42

1.51
4.76
2.41
3.31
LT
7.21
4.83
1.65
4.20
LT
4.37
1.95
5.11
1.05

3.83
3.29
5.55
2.42
MT
4.26
3.90
5.58
5.98
MT
2.42
2.46
11.45
2.18

1.22
7.04
4.30
4.37
TRO
6.10
3.84
4.57
5.70
TRO
2.39
1.12
6.98
4.07

2.39
5.87
1.42
3.16
PAT
17.53
4.91
2.42
2.52
PAT
3.73
0.37
2.71
8.17

2.04
4.87
2.72
3.37
Average
7.34
4.69
2.89
5.36
Average
4.59
1.67
6.16
3.87

Table 2b

Longitudinal intra-site baseline
vs. follow-up CV (%) for
human subjects.
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PRESENTATION NUMBER: 425
VALIDATION OF A THREE DIMENSIONAL MUSCULOSKELETAL
ULTRASOUND SYSTEM FOR USE IN HANDS AND WRISTS
C. du Toit, E. Lalone, A. Fenster, D. Tessier, T. Appleton. Univ. of Western
Ontario, London, ON, Canada
Purpose: The effect of chronic synovitis on the progression of osteoarthritis
pathology is a relatively new but supported concept in the ﬁelds of rheumatology and hand surgery that has been linked to pain and disability in
patients. Currently, the gold standard for diagnosing synovitis in the wrists
and hands is a clinical examination and the use of 2 dimensional (2D)
musculoskeletal ultrasound imaging (US). Major limitations associated with
this method are the lack of quantitative measurement tools available and
the fact that physicians have to be able to mentally reconstruct the patient’s
3-dimensional anatomy from the 2-dimensional images provided. These
limitations can be overcome by using a 3-dimensional ultrasound (3DUS)
system to quantitatively measure the size of synovial hypertrophy, effusions,
ganglions and osteophytes as well as having a 3D reconstruction of the
patient’s hand. The aim of this work is to develop a 3D ultrasound system for
imaging the hand and wrist. This paper reports on the development, geometric, and volumetric validation for wrist/hand 3D ultrasound imaging.
Methods: A mechatronic wrist/hand imaging system was designed and
created to operate with a conventional 2D US imaging system. The
scanning system features a motor which contains a single integrated
electromagnetic encoder that records the rotational position of the
motor. This motor drives a lead screw which in turn moves the transducer,
which is submerged in a water bath, along the linear axis to acquire a
series of 2D images. The encoder information provides the software with
the position of each 2D ultrasound frame. These conventional diagnostic
2D US images are then reconstructed into a 3D US images from a licensed
ultrasound machine. The geometric validation of the system was done
using a multi-layered monoﬁlament grid phantom with spacings of 10
mm and the Euclidean distances between the wires were measured. The
volumetric validation was conducted using a simulated synovial tissue
phantom and the images were analyzed using 3D-Slicer to manually
segment individual slices in the 3D image. These slices were then interpolated to construct a 3D segmentation of the phantom. This process was
repeated over four days to test the intra-rater reliability of the system. The
3D volumes were compared to those found using magnetic resonance
imaging (MRI) and the known volume of the agar phantom.
Results: The largest error and variance recorded from the geometric validation measurements was 0.0856± 0.0087mm and was acquired from
the reconstruction plane. The remaining linear measurement errors were
all < 1%. The error between the mean phantom volume measurements and
the known synovium phantom volume was 5.99% and 2.43% for the 3D US
device and MRI respectively. Linear regression for volumetric measures
revealed an R2 value of 0.4736 with a p-value of 0.20, revealing no signiﬁcant correlation between the measurements made over the course of 4
days for the 3D US device. The percent difference in the volume measurements from the 3D US device and MRI was 0.814%.
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Conclusions: A mechatronic 3D ultrasound imaging system was
developed for the wrist and hand. Successful geometric and volumetric
validation demonstrates feasibility for implementation in a clinical
setting. Current work evaluates system ability to accurately and quantitatively classify synovitis in ﬁrst carpometacarpal joint and distal
radial injury patients to investigate the relationship between chronic
inﬂammation and the progression of osteoarthritis in patients.
PRESENTATION NUMBER: 426
THE RELIABILITY AND DISTRIBUTION OF FOOT OSTEOARTHRITIS
ASSESSED BY ULTRASOUND AND CLINICAL EXAMINATION IN A
HAND OSTEOARTHRITIS COHORT
A. Mathiessen, C.M. Fjellstad, B. Slatkowsky-Christensen, T.K. Kvien,
H.B. Hammer, I.K. Haugen. Diakonhjemmet Hosp., Oslo, Norway
Purpose: Foot osteoarthritis (OA) is a disabling and painful disease with
similar prevalence to knee OA. To date, foot OA has been largely ignored in the
OA research society. There are guidelines regarding the diagnosis of hand and
knee OA, but no such recommendations are available for foot OA. Clinical
markers of foot posture, range of motion, inspection and palpation have
shown limited ability to discriminate persons with and without radiographic
OA in the midfoot. Ultrasound may be a useful tool for the assessment of OA
features in the foot. Recently, the OMERACT Ultrasound Task Force proposed
deﬁnitions of inﬂammatory and structural lesions in the foot, but more
research is needed before ultrasound can be recommended for the assessment of structural features in the foot. No studies have explored the frequency of joint involvement using ultrasound in comparison to clinical
examination. Hence, the aims of the current study were to compare reliability
and distribution of ultrasound-detected and clinical features of foot OA.
Methods: The Nor-Hand study is an observational cohort where 300
patients with hand OA (89% women, median (IQR) 61 (57-66) years old)
were recruited. The current analyses include cross-sectional data from the
baseline examination. A trained medical student (CMF) performed the
ultrasound examination of the feet using a General Electric (GE) Logic E9
ultrasound machine with a 6-15Mz probe. The bilateral tibiotalar, talonavicular, 1st and 2nd to 3rd naviculocuneiform, 1st to 4th tarsometatarsal
(TMT), 1st metatarsalphalangeal (MTP), 1st interphalangeal (IP), lateral
subtalar, medial subtalar and the calcaneocuboid joints were scored for the
presence of grey-scale synovitis, power Doppler signals and osteophytes on
0-3 semi-quantitative scales (0¼no, 1¼mild, 2¼moderate, and 3¼severe
pathology). Ten patients were also examined by a rheumatologist with
extensive ultrasound experience (HBH) to evaluate the inter-observer
reliability. An experienced rheumatologist (BSC) examined the bilateral
tibiotalar, talonavicular, 1st and 2nd naviculocuneiform, 1st to 4th TMT, 1st
MTP and subtalar joints for the absence/presence of soft tissue swelling and
bony enlargement. A rheumatology fellow performed the joint evaluation if
BSC was not available. Ten patients were examined by both the experienced
rheumatologist and the rheumatology fellow to evaluate inter-observer
reliability. We calculated the inter-observer reliability for ultrasound and
clinical examination in all foot joints using prevalence and bias adjusted
kappa (PABAK) values due to low frequency of OA in many foot joints. We
then compared the pattern of OA features in individual foot joints in the left
and right foot by ultrasound and the frequency of sonographic joint
involvement in comparison to clinical examination using Chi square tests.
Results: Good to excellent inter-observer reliability by PABAK was
observed for all ultrasound features (grey-scale synovitis: 0.78; osteophytes: 0.82; power-Doppler activity: 0.98). Similar good inter-observer
reliability was found for clinical assessment of the foot with PABAK values
ranging from moderate to excellent (bony enlargement: 0.90, soft tissue
swelling: 0.99). By ultrasound, OA was most prevalent in the MTP1, IP1,
talonavicular and subtalar joints (Table 1). Overall, osteophytes and synovitis were numerically more prevalent in the right foot compared to the
left foot (Table 1). Clinical bony enlargement was most common in MTP1
and TMT1-2. Clinical soft tissue swelling was uncommon in all joints with
the highest prevalence in the MTP1 joints. Ultrasound-detected osteophytes and grey scale synovitis were more common than clinically
observed bony enlargement and soft tissue swelling in most foot/ankle
joints (Table 2). In the MTP1 joints, clinical examination detected more
frequent bony enlargement, whereas ultrasound was more sensitive in the
detection of synovitis (both grey-scale synovitis and power Doppler
activity) in comparison with soft tissue swelling by clinical examination.
Conclusions: We found good inter-reader reliability for ultrasonographic
and clinical examination of OA features in patients with foot OA. Ultrasonographic features of OA were more prevalent in the right than left foot,
and most frequent in the MTP1, IP1 and talonavicular joints. In most
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individual foot joints, ultrasound detected more osteophytes than clinical
examination found bony enlargements. The high prevalence of synovitis
in the MTP1 joint may reﬂect normal increased effusion in this joint.

PRESENTATION NUMBER: 427
AN INTERPRETABLE DEEP LEARNING
SYMPTOMATIC KNEE OSTEOARTHRITIS

MODEL

TO

PREDICT

M. Zokaeinikoo, X. Li, M. Yang. Cleveland Clinic, Cleveland, OH, USA
Purpose: Purpose- Early prediction of knee osteoarthritis may help to
initiate potential interventions or treatments sooner, which can result
in preventing or delaying knee osteoarthritis development. In this
study, we aim to develop a deep learning (DL) prediction model to
predict the incident symptomatic radiographic knee osteoarthritis over
the next 78 months using radiographs at baseline.
Methods: 427 knee radiography images from the Osteoarthritis Initiative
(OAI) dataset were used to train and validate our model, with a mean age
of 55.7 (SD: 3.2, range: 50 - 62) years and a mean BMI of 31.7 (SD: 3.7,
range: 26.1 - 47.1) kg/m2. All subjects had Kellgren-Lawrence (KL) grades of
0 or 1 without symptoms at baseline. Incident symptomatic knee osteoarthritis was deﬁned as knee pain and a deﬁnite tibiofemoral osteophyte
in the same knee developed at 78-month follow up. Attention scores and
probability of symptomatic knee osteoarthritis from radiography images
were ﬁrst extracted using an interpretable hierarchical attention-based
convolutional neural network (CNN) model. The proposed model leveraged a transfer learning approach based on VGG-16 architecture. A 5-fold
stratiﬁed cross-validation was used to evaluate and tune the neural network with 20% of training data as validation set in each fold. Twelve
clinical variables including: age, body mass index (BMI), gender, KL grade,
varus malalignment, history of knee injury, mild symptoms, presence of
Heberden nodes, joint line tenderness, crepitus, morning stiffness and
postmenopausal status, along with the attention and probability scores
from our trained CNN, were then fed into a logistic regression model to
predict the 78-month probability of knee osteoarthritis incident for each
individual. The developed model was evaluated using an independent test
set of 108 baseline knee radiographs from the OAI dataset (age, BMI, KL
distribution, no symptoms at baseline).
Results: The developed multi-modal model using radiographs and 12
clinical variables demonstrated an area under the receiver operating

characteristic curve (AUC) of 0.91 (Figure 1), which outperforms the
results reported in the literature using deep learning based methods.
Moreover, the proposed model is interpretable, which can detect the
speciﬁc location of potential abnormalities within knee images using
the learned attention scores (Figure 2).
Conclusions: A novel deep learning-based predictive model that takes
knee radiographs and clinical variables as inputs was developed. It can
predict the risk of symptomatic knee osteoarthritis incident over the
next 6.5 years with a high AUC value. The attention maps on knee
images conﬁrm that the model predictions at baseline match the knee
progression pattern in the course of the disease.

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

PRESENTATION NUMBER: 428
EFFICACY OF JOINT CAVITY INJECTION WITH RECOMBINANT HUMAN
TYPE II TUMOR NECROSIS FACTOR RECEPTOR ANTIBODY FUSION
PROTEIN FOR RHEUMATOID ARTHRITIS COMBINED WITH KNEE
ARTHRITIS
Z. Yazhou, C. Liu. Shaanxi Univ. of Chinese Med., Xi'an, China
Purpose: To investigate the clinical efﬁcacy of injection of recombinant
human type II tumor necrosis factor receptor antibody fusion protein
(rhTNFR:Fc) into the joint cavity for the treatment of rheumatoid
arthritis with knee arthritis.
Methods: Fifty-eight patients with rheumatoid arthritis and knee
arthritis were selected as outpatients and inpatients in our hospital and
randomly divided into a treatment group and a control group of 29
patients each. The treatment group received a single intra-articular
injection of recombinant human type II tumor necrosis factor receptorantibody fusion protein; the control group received a subcutaneous
injection of the same drug at the same dose each time. In the control
group, the same drug was injected subcutaneously each time. 50 mg of
the drug was administered weekly to all patients, and the target knee
joint ﬂuid was aspirated by arthrocentesis before each injection; 2 mL of
joint ﬂuid was retained before the ﬁrst and ﬁfth injections (i.e., 2 weeks
after treatment); the clinical parameters of the two groups before and 2
weeks after treatment were compared. (ii) Measurement of the content
of the joint ﬂuid matrix metalloproteinase-3 (MMP-3) in patients before
and 2 weeks after treatment (iii) Follow-up of patients in both groups
after treatment, and the WOMAC scores before and after treatment
were collated, and the collected data were collated and processed by
SPSS26.0 software.
Results: the ESR, CRP, PLT, synovial thickness and depth of ﬂuid in both
groups decreased, and the synovial thickness and depth of ﬂuid in the
treatment group were lower than that in the control group, the
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difference was statistically signiﬁcant (P < 0.05) (see Table 1); 2. ; 0.05)
(see Table 2).3. The WOMAC classiﬁcation showed that both groups
improved their pain symptoms after treatment, and the treatment
group was superior to the control group, the difference was statistically
signiﬁcant (P < 0.05) (see Table 3).
Conclusion: Injection of recombinant human type II tumor necrosis
factor receptor antibody fusion protein intra-articular administration of
TNF-a binds to TNF-a in the synovial ﬂuid and synovial tissues of the
knee joint, blocks the inﬂammatory waterfall response, controls synovial inﬂammation, relieves patients' pain, and avoids the adverse effects
of systemic application. Therefore, intra-articular injection of TNF-a
antagonist for RA is a safe and effective treatment, especially for
patients with concomitant knee arthritis can be the treatment of choice.
PRESENTATION NUMBER: 429
CIRCULATING
SURGERY-INDUCED
GENE
SIGNATURES
ARE
ASSOCIATED WITH RECOVERY FROM TOTAL KNEE ARTHROPLASTY
FOR KNEE OSTEOARTHRITIS
M.A. Kirksey, S.G. Lessard, M. Khan, G.A. Birch, D. Oliver, P. Singh,
V. Rotundo, A. Sideris, A. Gonzalez Della Valle, M.L. Parks, P.K. Sculco,
M. Otero. Hosp. for Special Surgery, New York, NY, USA
Purpose: Osteoarthritis (OA) is a major cause of pain and disability.
Local and peripheral inﬂammation are known to contribute to the
disease activity, joint stiffness and pain. Local inﬂammation (deﬁned as
synovitis) correlates with changes in pain severity, and the degree of
synovitis is also associated with abnormal pain processing and sensitization in patients with knee OA. Peripheral immune signatures have
been associated with joint inﬂammation, disease activity and pain, and
dysregulated single-cell immune signatures have been correlated with
unsatisfactory recovery in patients after joint replacement surgery.
However, the disease- and surgery-speciﬁc signatures dysregulated in

Grouping

Time

ESR (mm/h)

CRP (mg/L)

PLT (109 /L )

Synovial thickness (mm)

Liquid depth (mm)

treatment group

pre-treatment
post-treatment
pre-treatment
post-treatment

84.35±29.59
33.97±12.87
79.02±19.34
41.01±16.45

105.79 ± 59.51
25.75 ± 16.49
115.58 ± 57.15
34.54±24.07

416.04±78.56
361.05 ± 65.15
430.04±64.16
378.07±58.60

6.37±3.92
3.19 ± 1.54
6.48±3.25
4.92±1.87

7.87 ± 2.59
3.28±1.26
7.96±3.58
5.76 ± 2.04

control group

Table 1

Comparison of pre- and post-treatment clinical observations between the two groups (n¼29, x‾ ±s)

Osteoarthritis
andCartilage

Grouping

Pre-treatment

Post-treatment

treatment group
control group

95.24±14.45
94.83 ± 13.76

33.87 ± 4.59
46.15±4.12

Table 2

Comparison of joint ﬂuid MMP-3 levels before and after treatment in the two groups (n¼29, x±s, pg/mL)

Osteoarthritis
andCartilage

grouping

pre-treatment

post-treatment

treatment group
control group

16.32 ± 2.45
16.48 ± 2.24

5.82 ± 1.45
9.18±1.78

Table 3

Comparison of WOMAC scores before and after treatment in the control and treatment groups

Osteoarthritis
andCartilage
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OA patients that develop stiffness after total knee arthroplasty (TKA) are
not well understood. As a consequence, we are limited in our ability of
identifying patients at risk of developing poor surgical outcomes early
after TKA. In this study we integrated clinical outcomes with transcriptomics analyses in blood samples from OA patients undergoing
TKA, aiming to identify surgery-induced gene signatures that are
associated with recovery from surgery.
Methods: Patients: we enrolled 179 patients with idiopathic end-stage
OA scheduled for TKA, with IRB approval and patient consent. Seventeen patients were excluded from analysis after enrollment, leaving 162
patients for analysis of clinical data and biological samples. We collected demographics (including age, sex, BMI, and ethnicity) at baseline,
and range-of-motion (ROM) at baseline and 6 weeks after surgery. For
sample selection for RNA-seq analyses, patients were divided onto 2
groups before sequencing: (1) cases: patients who were found to have
postoperative stiffness at 6 weeks, and (2) age-, sex-, race- and BMImatched controls: patients without post-TKA stiffness at 6 weeks.
Stiffness was deﬁned as 95 ROM measured by goniometer at 6 weeks
(±2 weeks). Sample collection: We collected PAXgene RNA tubes from
all patients at the time of surgery (DOS) and at 24 hours after surgery
(POD1). We also collected heparinized venous whole blood for
peripheral blood mononuclear cell (PBMC) isolation from 6 consecutive
patients at DOS and POD1. PBMC isolation: PBMCs were isolated by
centrifugation using Ficoll-Paque PLUS (GE Healthcare) density gradient
according to manufacturer’s instructions. RNA from isolated PBMCs was
extracted using the RNeasy mini kit. PAXgene RNA isolation and globin
depletion: RNA was isolated from frozen PAXgene RNA tubes using the
PAXgene Blood RNA System, following the manufacturer’s instruction.
After isolation, samples were globin-depleted using the GLOBINclear
Kit. NanoString gene expression analyses: A total of 100 ng of total RNA
obtained from PBMCs isolated at DOS and POD1 from 6 patients was
used for NanoString analyses using the human Immunology Panel and
analyzed using the accompanying nSolver 4.0 software. RNA-seq analyses: A total of 100ng of globin-depleted RNA isolated from PAXgene
tubes collected at DOS and POD1 from cases (n¼9) and age-, sex,- raceand BMI-matched controls (n¼9) were used for RNA-seq, performed
using an Illumina HiSeq 4000 at the Genomics Resources Core Facility of
Weill Cornell Medicine. After sequencing the reads were processed
using a dedicated RNAseq pipeline developed by bioinformaticians at
the David Z. Rosensweig Genomics Research Center at Hospital for
Special Surgery. A q value < 0.05 was considered signiﬁcant.
Results: NanoString analyses of RNA isolated from PBMCs puriﬁed from
whole blood collected at DOS and at POD1 identiﬁed signiﬁcant changes
in gene expression following total knee arthroplasty in our patient
population, including increased expression of IL1B mRNA and enrichment in NF-kB signaling pathways at 24h after surgery. We also
uncovered a relative enrichment in macrophage and neutrophil signatures accompanied by depletion of T-cell signatures following surgery. RNAseq analyses in RNA from whole blood collected at DOS and
POD1 from controls and cases using PAXgene Blood RNA tubes conﬁrmed the surgery-speciﬁc signature, with enrichment of Toll-like
receptor and IL1 signaling pathways at 24 h after surgery, consistent
with the NanoString analyses in PBMCs. Comparison of the responses to
surgery in cases and controls also uncovered differences in gene signatures in patients that developed stiffness after surgery, including
changes in the MAPK pathway.
Conclusions: Together, our results show that peripheral gene signatures can be used to evaluate pathways involved in the responses to
surgery, and that patients that develop stiffness after TKA may have
dysregulated responses. We believe that these dysregulated surgeryinduced signatures can be used to predict patients at risk of developing
complications following surgery, and to develop targeted preventative
therapies to avoid the development of knee stiffness following TKA.

phenotypes of osteoarthritis (OA) and rheumatoid arthritis (RA) synovium through single-cell RNA sequencing (scRNA-seq) and to test and
validate the methodology by using bulk-RNA-seq data to create in silico
scRNA-seq data for synovial tissue.
Methods: OA data were provided by 17 patients undergoing total knee
arthroplasty (TKA) for OA: 14 with scRNA-seq of 93,208 OA synoviocytes and 9 matched bulk RNA-seq data; and 3 with scRNA-seq of 8,869
OA synoviocytes (NCBI GEO GSE152805). RA data were provided by 5
TKA patients with scRNA-seq data of 20,172 RA synoviocytes
(phs001529.v1.p1). Transcriptome-wide analyses were performed
between these two groups. Nine paired OA scRNA and bulk RNA
datasets were used to evaluate six in silico gene deconvolution tools.
Predicted and observed cell types and proportions were compared to
identify the best deconvolution tool for synovium.
Results: Signiﬁcantly higher proportions of T (p¼0.001) and B
(p¼0.007) cells were found in RA while signiﬁcantly higher proportions
of smooth muscle cells (p¼0.006) were identiﬁed in OA (Figure 1).
Through gene set enrichment analyses, OA and RA were distinguished
on the basis of ﬁve patterns (complement system, inﬂammation
response, chemokine and cytokine, leukocyte trans-endothelial
migration, and heat shock protein family). Gene deconvolution analyses
identiﬁed three (of six) platforms (CIBERSORT, QUANTICEQ and
MCPCOUNTER) as suitable for extrapolating cellular gene expression
from bulk RNA-seq data. In addition, using our paired scRNA-seq and
bulk RNA-seq data, an “arthritis” speciﬁc signature matrix and was
validated to have signiﬁcantly better prediction performances for synoviocytes (p¼0.049) (Figure 2).
Conclusions: Differences of cell proportions, gene expression patterns
and differentially enriched pathways in seven distinct cell types identiﬁed by scRNA-seq revealed different inﬂammation phenotypes of OA
and RA. We established a road-map for evaluating bulk RNA-seq
deconvolution methods and provided guidelines to researchers working on synovium to select appropriate methods for characterization of
the cellular context of the synovial tissues.

Figure 1 Comparison of relative abundances in terms of general cell

types between OA and RA synovium.

PRESENTATION NUMBER: 430
SYNOVIAL INFLAMMATION OF OSTEOARTHRITIS AND RHEUMATOID
ARTHRITIS REVEALED BY SINGLE-CELL AND IN SILICODECONVOLUTION BULK RNA SEQUENCING
Z. Huang 1, Z. Luo 2, Y. Cai 2, C.-H. Chou 3, F. Pei 2, V. Kraus 3, Z. Zhou 2.
1
Dept. of Orthopaedic Surgery, Durham, NC, USA; 2 Dept. of Orthopaedic
Surgery, ChengDu, China; 3 Duke Molecular Physiology Inst., Duke Univ.
Sch. of Med., Durham, NC, USA
Purpose: Synovitis plays an important role in the pathogenesis of
arthritis. Our objective was to differentiate the inﬂammatory

Figure 2 Signiﬁcant improvements in terms of predictive accuracy

after using the generated “Arthritis” speciﬁc signature compared to
the default one. The correlation analysis was performed by Pearson
correlation.
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PRESENTATION NUMBER: 431
PYRUVATE TARGETS CYTOSOLIC PHOSPHOLIPASE A2 AND RESOLVES
INFLAMMATION
S. Hasan, C. Liu. New York Univ. Med. Ctr., New York City, NY, USA
Purpose: Numerous studies are indicative of the potent molecular
interaction between the energy metabolic supply and different phases
of inﬂammation. Pyruvate is a glycolytic metabolite used for energy
production and macromolecule biosynthesis and is also a crucial
interaction in multiple metabolic pathways. However, little is known
about its effects on cytokine release as well as the molecular events
involved. Hence, the current study aims to investigate the role and
mechanism of pyruvate in resolving inﬂammation and to identify its
binding partner.
Methods: Multiple in vitro assays, including downstream cytokine
expression and release activity, NF-kB translocation, Quantitative realtime PCR (qRT-PCR), ELISA, western blot, immunoﬂuorescence staining,
RNA-seq using bone marrow-derived macrophages (BMDMs) and
RAW264.7 macrophages were employed to evaluate the anti-inﬂammatory actions of pyruvate. Identiﬁcation and characterization of pyruvate binding to cytosolic phospholipase A2 (cPLA2) was done using
drug afﬁnity responsive target stability assay (DARTS), proteomics and
cellular thermal shift assay (CETSA). Various assays for examining pyruvate inhibition of TNF-a -a-induced cPLA2 activity and subsequent
arachidonic acid (AA) production by pyruvate was also performed.
Moreover, in vivo evaluation of the anti-inﬂammatory effect of exogenous pyruvate in the dextran sulphate sodium (DSS) induced IBD
models was also completed.
Results: Pyruvate inhibits the TNFa-induced inﬂammatory signaling
and cytokine release: We evaluated pyruvate inhibition of TNFamediated NF-kB pathway and its downstream genes through unbiased
approach of RNA-seq using BMDMs from TNF-a transgenic mice (TNFtg) mice. TNF-a-induced genes, including proinﬂammatory cytokines
IL-1b and IL-6, were evidently downregulated by pyruvate. These
results were further corroborated using qRTPCR, which revealed that
there was a dose dependent inhibition of mRNA expressions of both IL-6
and IL-1B by pyruvate. It was done using both, BMDMs from TNF-tg
mice as well as RAW264.macrophages. Similarly, the secretion levels of
IL-1b and IL-6 in supernatant of TNF-tg BMDMs were detected by ELISA
which yet again showed a dose dependent reduction by pyruvate.
Additionally, to sum it up, TNF-a induced nuclear translocation of p65
was evaluated which upon treatment with pyruvate got suppressed
(Figure 1 A-B). cPLA2 is a previously-unrecognized target of pyruvate: To elucidate the molecular mechanism by which pyruvate
resolves inﬂammation, we put lots of efforts to isolate the binding
partner of pyruvate. For this purpose, a fairly new approach known as
drug afﬁnity responsive target stability (DARTS) was employed.
RAW264.7 cells were treated with 2 mM pyruvate for 1 hour and protease was added for 15 min. The digested proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
An apparent protection of a band with the molecular weight of ~80 kDa
was found in the treatment groups (Fig 2 A-B). This band was excised
from the Coomassie blue stained gel for protein identiﬁcation by mass
spectrometry, which led to the identiﬁcation of PLA2G4A encoding
cPLA2 as a possible target. To further validate the association of pyruvate with cPLA2, another assay known as the cellular thermal shift
assay (CETSA) was performed (Fig 3A). This enabled the assessment of
change in thermal denaturation temperature of our target protein
under varying temperature and concentrations of drug of interest. It
was observed that samples treated with Pyruvate prohibited the
denaturation of cPLA2 and more cPLA2 was held back in the soluble
state under various temperatures as compared to the untreated sample.
The melt curve showed a signiﬁcant shift and obvious change of Tm in
the presence of pyruvate treatment (Tm for control-PBS and treatedpyruvate are 51.5 C and 59.1 C respectively) (Fig 3B). Moving ahead, an
isothermal dose response (ITDR) was also evaluated. Here, the stabilization of the protein was studied as a function of increasing drug concentration while applying a heat challenge at a single ﬁxed
temperature. Based on CETSA results, we chose 52 C, with different
dosages of pyruvate. It evidently revealed the prevention of cPLA2
denaturation in a dose-dependent manner (not shown). cPLA2 is
known to release arachidonic acid by hydrolyzing membrane phospholipids, subsequently activating NF-kB-mediated inﬂammation.
Hence, we then evaluated if pyruvate could inhibit TNF-a induced
cPLA2 activity and AA production. The data revealed striking reduction
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in both, cPLA2 activity as well as following AA production. Also, Pyruvate (100 mg/kg) also profoundly reduced disease activity index in IBD
model (not shown). Pyruvate has potential to be employed as new
intervention in inﬂammatory and autoimmune diseases through
binding to cPLA2 and inhibiting NF-kB signaling. We are currently
determining the dependence of pyruvate resolution of inﬂammation on
cPLA2 using cPLA2 KO cells and mice, as well as the application of
pyruvate in treating cPLA2-associated pathologies and conditions,
particularly inﬂammatory arthritis.
Conclusions: Overall, these ﬁndings provide new insights into the antiinﬂammatory action of pyruvate. Moreover, we uncovered cPLA2 as a
novel binding target of pyruvate which strengthens the comprehension
of fundamental mechanisms of pyruvate serving as potential antiinﬂammatory agent.
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Gene expression of pro-inﬂammatory cytokines.

IL-6
IL-8
TNF-a
MMP-13
MMP-3

Table 1

IL-1b+APPA-10 mg/ml

p value

87.14±17.23
52.68±14.27
55.12±12.08
69.37±7.79
72.29±9.42

0.495
0.008
0.002
0.002
0.03

Effect of 10 mg/ml APPA on
mRNA expression IL-6, IL-8,
TNF-a, MMP-13, MMP-3, All
data were obtained from six
independent donors, each with
two replicates. Values are presented as mean ± SEM relative
to IL-1b (as 100%).
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PRESENTATION NUMBER: 432
BIOLOGICAL EFFECT OF APPA -APOCYNIN AND PAEONOL- IN HUMAN
ARTICULAR CHONDROCYTES
M. Fernandez-Moreno 1, N. Larkins 2, A. Reynolds 2,
T. Hermida-Gomez 1, 3, F.J. Blanco 1. 1 Servicio de Reumatología. Inst. de
n Biom
~ a (INIBIC). Complexo Hosp.ario
Investigacio
edica de A Corun
~ a (CHUAC), Sergas. Univ.e da Corun
~ a (UDC). CICAUniv.rio de A Corun
~ a, Spain; 2 AKL Res. & Dev., Stevenage Bioscience,
INIBIC, A Corun
Gunnels Wood Rd, Stevenage S, United Kingdom; 3 Centro de
n biom
investigacio
edica en Red, Bioingenieria, Biomatereial y
Nanomedicina (CIBER-BBN), Madrid, Spain
Purpose: Osteoarthritis (OA) is the most common rheumatological
disease and a major cause of pain and disability in older adults. Currently no treatment is available that alters the course of OA. Mitochondrial dysfunction in chondrocytes is associated with the molecular
dysregulation underlying OA, and has been proposed as a potential
therapeutic target. APPA, a combination of apocynin (AP) and paeonol
(PA), has the potential capacity to protect mitochondria from injury.
Aim To study the biological effect of APPA in human articular
chondrocytes.
Methods: Tissue and chondrocytes from human OA cartilage were
isolated. The effect of APPA on chondrocyte viability was analyzed using
MTT. ROS production (cytoplasmic and mitochondrial) was evaluated
by ﬂow cytometry using DCFH-DA and MitoSoxRed®. The effect of APPA
on expression of pro-inﬂammatory cytokines genes (IL-6, IL-8 and TNFa, MMP-13 and MMP-3) was analyzed in chondrocytes and cartilage by
RT-PCR. Quantiﬁcation of Toluidine Blue (TB) staining in cartilage was
performed to evaluate proteoglycans content. Appropriate statistical
analyses were performed with GraphPad Prism v6.
Results: Chondrocytes incubated in the presence of APPA 10 and 20 mg/
mL for 24 h had greater than 85% viability. APPA 10 mg/ml reduced the
cytoplasmic ROS production induced by LPS (28.56 %, p0.005). APPA
signiﬁcantly reduced the gene expression induced by IL-1b 10 ng/mg of
IL-8, TNF-a, MMP-13 and MMP-3 (Table-1). In cartilage, incubation with
APPA 100 mg/ml for 24 h and 48 h decreased the MMP-3 gene expression
induced by IL-1b (51.63±25.71 and 8.88±2.94 respectively) (Figure-1).
Quantiﬁcation by TB showed that APPA at 100 mg/ml increased the
proteoglycans in the intermedial layer (227,8±67) (Figure-2).
Conclusions: On human articular chondrocytes, APPA has antiinﬂammatory effect and could reduce extracellular matrix degradation
of cartilage. Effects of APPA could be mediated by its capacity to modulate ROS production. APPA has the potential to affect the progression of
joint damage in OA

PRESENTATION NUMBER: 433
MODULATION OF JOINT INFLAMMATION USING TRIAMCINOLONE
ACETONIDE LEADS TO SUSTAINED MACROPHAGE INFLAMMATORY
RESPONSES AND ENHANCED OSTEOPHYTE FORMATION DURING
EXPERIMENTAL OSTEOARTHRITIS IN MICE
M.N. Ferrao Blanco 1, G.J. van Osch 1, N. Kops 1, S.M. Botter 2, Y. Ridwan 1,
P.J. Leenen 1, Y.M. Bastiaansen Jenniskens 1, N. Fahy 1. 1 Erasmus MC, Univ.
Med. Ctr. Rotterdam, Rotterdam, Netherlands; 2 Swiss Ctr. for
Musculoskeletal Biobanking, Balgrist Campus AG, Zurich, Switzerland
Purpose: Joint inﬂammation is a prominent feature of osteoarthritis
(OA) pathogenesis associated with pain and disease progression, with
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tissue macrophages known to contribute to structural damage within
the knee joint. Macrophages readily become activated in response to
inﬂammatory cues, resulting in a spectrum of phenotypes encompassing pro-inﬂammatory, anti-inﬂammatory and tissue repair-associated subsets. Intra-articular injection of the corticosteroid
triamcinolone acetonide (TAA) is a frequently applied clinical therapy
for the management of pain resulting from knee OA. However, the
ability of TAA to modulate different cellular compartments of the
immune system and its potential to mitigate structural damage during
OA progression remains unclear. In this regard, the aim of this study was
to examine the effect of intra-articular injection of TAA towards the
composition of the myeloid compartment of the immune system, as
well as cartilage degeneration, subchondral bone changes and osteophyte formation during OA progression in the collagenase-induced OA
(CiOA) mouse model.
Methods: OA was induced in male C57BL/6 mice (11-12 weeks old) by 2
intra-articular injections of collagenase type VII (3U/6 ml of saline) to the
knee joint at days 0 and 2. A separate group of control mice received
intra-articular injections of saline only. At day 7 post-OA induction,
mice received an intra-articular injection of TAA (25 mg/6 ml saline) or
saline alone. Peripheral blood was drawn from the facial vein of mice 7
days prior to and 9, 14, 28, 42, 49 and 56 days post-induction of OA, for
ﬂow cytometric analysis of classical and non-classical/intermediate
monocyte subsets over time. Mice were euthanised at day 14 and 56,
and the patella with surrounding synovial tissue was isolated for ﬂow
cytometric analysis of macrophages within the joint. Bone marrow was
isolated from the contralateral femur for ﬂow cytometric analysis of
myeloid cells. Micro-computed tomography imaging was performed to
analyse subchondral bone plate changes. Structural cartilage damage
and the presence of osteophytes within the joint were evaluated histologically according to OARSI histopathology guidelines.
Results: Knees of CiOA mice contained signiﬁcantly higher percentages
of macrophages (CD11bþF4/80þ) compared to knees of control mice at
day 14 (p<0.01), irrespective of TAA treatment. However, by day 56
TAA-treated CiOA knees contained signiﬁcantly higher percentages of
macrophages compared to knees of mock-treated-CiOA and control
mice (p¼0.017 and p¼0.037, respectively). TAA treatment of CiOA knees
did not alter structural cartilage damage compared to mock-treatedCiOA knees at day 14 and day 56 post-induction of CiOA. Furthermore,
at day 14 similar levels of osteophytes were present at the margins of
the medial tibial plateau in CiOA knees irrespective of TAA treatment.
Thinning of the subchondral bone plate of the lateral tibial plateau was
also not altered by TAA treatment at this timepoint. Interestingly,
subchondral bone plate thickness was inversely correlated with the
percentage of macrophages present in the joint (rs¼ -0.369; 95%CI
[-0.638, -0.030]; p¼0.05). Additionally, osteophyte formation was signiﬁcantly increased in TAA-treated joints at day 56 compared with
mock-treated-CiOA knees (p¼0.024), and the presence of osteophytes
positively correlated with the percentage of macrophages in the joint
(rs¼ 0.337; 95%CI [-0.034, 0.743]; p¼0.05). Finally, intra-articular
injection of TAA did not alter the distribution of peripheral blood
monocyte subsets or the levels of myeloid cells in the bone marrow of
mice during CiOA progression.
Conclusions: Intra-articular injection of TAA following joint injury
increases the proportion of macrophages within the knee joint, and
increases osteophyte formation during experimental CiOA. These ﬁndings suggest that TAA may sustain OA-associated local inﬂammatory
processes in the knee mediated by synovial macrophages, which may
further contribute to a loss of homeostasis within the joint and exacerbate disease progression. Further knowledge on the impact of TAA
towards the behaviour of immune cell populations during active
inﬂammation, may enhance therapeutic outcomes for the treatment of
OA.
PRESENTATION NUMBER: 434
ASSOCIATIONS BETWEEN SURGICALLY-INDUCED CHANGES IN KNEE
LOADING AND BIOCHEMICAL MARKERS OF KNEE INFLAMMATION
J. Schulz 1, T. Birmingham 1, K. Leitch 1, J. Gifﬁn 1, 2, F. Beier 1,
C. Appleton 1, 2. 1 Western Univ., London, ON, Canada; 2 London Hlth.Sci.
Ctr., London, ON, Canada
Purpose: Mechanically-induced inﬂammation is thought to contribute
to osteoarthritis (OA) and may be a target for treatment. Substantial
changes in knee load produced by high tibial osteotomy (HTO) provide a
model to explore the relationship between changes in knee

S359

inﬂammation and load. Therefore, the objectives of this study were to 1)
investigate changes in synovial ﬂuid cytokines, chemokines, growth
factors and matrix metalloproteases (MMPs), 1 year after HTO and 2)
explore the associations of changes in these markers with changes in
MRI measures of knee effusion-synovitis and surrogate measures of
knee load during walking.
Methods: Twenty-six patients (21 males, age; 54 ± 5 years, BMI; 30.2 ±
4.2 kg/m2, K/L grades: 1¼3, 2¼7, 3¼16) with varus alignment and OA
primarily affecting the medial compartment of the tibiofemoral joint
underwent synovial ﬂuid sample collection, 3-Tesla MRI and 3D gait
analysis within 6 weeks prior to and 1 year after unilateral medial
opening wedge HTO. Commercial Luminex Multiplex Assays were used
to measure biomarker concentrations. Effusion-synovitis volume was
manually segmented from MRIs, approximately 6 weeks after hardware
removal, by a single reader blinded to timepoint. The external knee
moments in the frontal and sagittal planes during walking were calculated using inverse dynamics and summarized as the peak adduction
moment (PKAM), adduction moment impulse (KAMI) and peak ﬂexion
moment (PKFM). Postoperative measures were compared to preoperative measures by calculating mean changes with 95% conﬁdence
intervals (CI) and standardized response means (SRM). The associations
between change in biomarker concentration and change in effusionsynovitis and knee moments during walking were analysed using
Pearson’s correlation coefﬁcients (r).
Results: : From baseline to 1 year after HTO, there were small-tomoderate decreases (SRM 0.4-0.6) in concentrations of most MMPs,
TIMP-1 and some pro-inﬂammatory cytokines, and small increases in
growth factors (SRM < 0.2, Table 1). Effusion-synovitis, PKAM and KAMI
were also reduced substantially (SRM > 1.2, Table 1). The decrease in
effusion-synovitis was moderately associated (r, 95% CI) with the
decreases in MMP-1 (0.44, 0.05-0.71), and IL-7 (0.41, 0.001-0.69) and
increase in MIP-1b (0.47, 0.10-0.73). The decrease in PKAM was moderately associated with a decrease in MMP-1 (0.41, 0.03-0.69), IL-4
(0.42, 0.06-0.69) and IL-7 (0.59, 0.002-0.79). The decrease in KAMI was
moderately associated with the decrease in MMP-1 (0.43, 0.05-0.70), IL4 (0.39, 0.003-0.68) and IL-7 (0.53, 0.17-0.76) The decrease in KFM was
moderately associated with a decrease in Flt-3L (0.42, 0.03-0.70) (Fig. 1).
Conclusions: In patients with varus alignment and knee OA undergoing
HTO, a decrease in knee medial compartment load is associated with a
decrease in knee inﬂammation, with greater load reduction related to
greater changes in knee effusion-synovitis, cytokines and proteases.
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264.7 murine macrophages. Moreover, IL-6 and TNF gene expressions
were signiﬁcantly and dose-dependently decreased in Raw 264.7 cells
treated with Liraglutide compared to LPS alone (Table 1). Interestingly,
there was a signiﬁcant dose-dependent reduction of MCP-1 and CD38
(M1 macrophage marker) gene expression in cells treated with the 3
doses of Liraglutide compared to LPS alone while we observed a dosedependent increase of ERG-2 (M2 macrophage marker) gene expression
induced by Liraglutide (Table 1). These results suggest that Liraglutide
can polarize M1 macrophages to the M2 phenotype. Liraglutide signiﬁcantly reduced, in a dose-dependent manner, the IL-1b-induced
release of IL-6 (IC50¼38nM), cartilage matrix catabolic enzyme MMP-3
(IC50¼56nM) and GAG (IC50¼47nM) in murine articular chondrocytes.
Additionally, Liraglutide treatment dose-dependently decreased the IL1b-induced gene expression of iNOS, MMP-13 and ADAMTS-5 (Table 2).
Finally, IL-1b decreased gene expression of Sox9, Col2a1 and Acan
anabolic markers, which could be rescued in a dose-dependent manner
by Liraglutide (Table 2).
Conclusions: A shift in M1/M2 macrophage phenotype and the inhibition of chondrocyte expression of several mediators involved in
inﬂammation and cartilage degradation explain, at least in part, our
previous results from rodent osteoarthritis models that showed an
analgesic, anti-inﬂammatory and anti-degradative effect of Liraglutide.
The fact that Liraglutide is already safely prescribed in another indication allows us to foresee a ﬁrst trial in humans in the short term.

PRESENTATION NUMBER: 435
LIRAGLUTIDE HAS POTENT ANTI-INFLAMMATORY AND ANTICATABOLIC ACTIVITY IN TWO CELL-TYPES IMPLICATED IN
OSTEOARTHRITIS

Marker
(fold
change)

Vehicle
No LPS

LPS
100ng/ml

LPS+
Liraglutide
13.3nM

LPS+
Liraglutide
53.1nM

LPS+
Liraglutide
1.7mM

IL-6
TNFa
MCP-1
CD38
ERG2

1.0±0.2*
1.0±0.2*
1.1±0.6*
1.1±0.6*
1.0±0.3*

63.6±7.1
26.8±4.9
91.7±11.2
103.5±22.3
0.3±0.1

58.8±6.5
17.5±2.6*
67.8±4.3*
73.2±12.3*
1.1±0.5*

36.3±8.4*
9.5±1.8*
47.3±6.1*
44.6±8.9*
2.1±0.6*

30.8±2.6*
4.1±2.1*
25.1±5.5*
17.4±3.3*
3.1±0.2*

Gene expression (fold change)
of genes related to inﬂammation and M1/M2 macrophage
phenotype

F. Berenbaum, Sr. 1, 2, C. Meurot 3, L. Sudre 3, K. Bismuth 3,
R. Rattenbach 3, P. Deneﬂe 3, C. Martin 3, C. Jacques 4. 1 UMRS_938 - CDR
St-Antoine- Univ. Paris 6, PARIS, France; 2 Sorbonne Univ., Dept. of
^pital Saint-Antoine, and Labex Transimmunom,
Rheumatology, AP-HP, Ho
Paris, France; 3 4P-Pharma, Lille, France; 4 UMRS_938 - CDR St-AntoineUniv. Paris 6, Paris, France
Purpose: Osteoarthritis (OA) is an age-related joint disease affecting
300 million of individuals worldwide which provokes chronic pain and
limits mobility leading to increasing cardiovascular-related mortality.
The disease progression is associated with inﬂammatory responses and
cartilage degradation. Both chondrocytes, the only cell type present in
the cartilage, and macrophages from the synovium, play a major role in
OA pathophysiology. Liraglutide is a Glucagon-Like-Peptide 1 Receptor
(GLP-1R) agonist widely prescribed for the treatment of type 2 diabetes.
Interestingly, immunomodulatory and anti-inﬂammatory properties of
the GLP-1 pathway have been recently reported in various diseases. In
this study, we evaluated the anti-inﬂammatory and anti-catabolic
effects of Liraglutide in two in vitro models relevant to OA by evaluating
surrogate markers of inﬂammation, cartilage matrix proteolysis and
cartilage matrix anabolism.
Methods: Lipopolysaccharide (LPS)-stimulated murine Raw 264.7
macrophages were treated with 10 concentrations (6.6nM-3.4mM) of
Liraglutide for 24h. Anti-inﬂammatory activity was evaluated by
measuring the production of nitric oxide (NO) and prostaglandin E2
(PGE2) using Griess reaction and ELISA, respectively. Interleukin 1b (IL1b)-stimulated mouse articular chondrocytes were treated with 10
concentrations (6.6nM-3.4mM) of Liraglutide for 24h. Production of IL-6,
matrix metalloproteinase 3 (MMP-3) and glycosaminoglycans (GAG)
was measured by ELISA and GAG assay, respectively. RT-qPCR analyses
were performed with three selected doses of Liraglutide (13.3nM,
53.1nM and 1.7mM) on both cell types to assess the expression of a panel
of genes related to inﬂammation (IL-6, TNF, iNOS), M1/M2 macrophage
phenotype (MCP-1, CD38, ERG-2), catabolism (MMP-13, ADAMTS-5)
and anabolism (Sox9, Col2a1, Acan).
Results: Liraglutide induced a dose-dependent inhibition of the LPSinduced production of NO (IC50¼45nM) and PGE2 (IC50¼54nM) in Raw
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Marker
(fold
change)

Vehicle IL-1b
No IL-1b 2ng/ml

IL-1b
IL-1b
IL-1b
+Liraglutide +Liraglutide +Liraglutide
13.3nM
53.1nM
1.7mM

iNOS
MMP-13
ADAMTS5
Sox9
Col2a1
Acan

1.0±0.2*
1.0±0.2*
1.2±0.8
1.0±0.1*
1.0±0.2*
1.2±0.8*

34.2±15.5
7.6±1.0
2.0±0.6
0.4±0.2
0.3±0.1
0.1±0.0

47.8±17.6
9.8±2.0
2.7±0.6
0.4±0.2
0.3±0.1
0.2±0.1

18.9±8.2*
4.6±0.7*
1.6±0.3
0.6±0.0
0.5±0.3
0.5±0.1*

Gene expression (fold change)
of genes related to inﬂammation, cata- and anabolism in
chondrocytes

11.8±2.9*
2.5±0.4*
1.1±0.2
0.7±0.2
0.8±0.3*
0.7±0.2*
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PRESENTATION NUMBER: 436
DYNAMICS OF INFLAMMATION AND RESOLUTION IN
COLLAGENASE-INDUCED MOUSE MODEL OF OSTEOARTHRITIS

THE

Q. Zhou, F. Cornelis, S. Monteagudo, R.J. Lories. KU Leuven, Leuven,
Belgium
Purpose: Increasing evidence suggests that low-grade chronic inﬂammation plays an important role in the progression of osteoarthritis (OA).
However, the timing and dynamics of the inﬂammatory response in OA
remain unclear. The initiation and development of joint inﬂammation
are orchestrated by many cell types and various inﬂammatory mediators. Understanding these cellular and molecular kinetics should enable
the identiﬁcation of the time window of early intervention to arrest or
slow down the progression of the disease. In this study, we aim to
investigate the dynamics of inﬂammation and its resolution in the OA
mouse model to provide new insights into the development of OA
inﬂammation and to apply this knowledge in preclinical intervention
studies.
Methods: We established the collagenase-induced OA mouse model by
intra-articular injection of collagenase in the knee of 8-week-old male
mice. We set a series of time points, including day 1, 3, 7, 10, 14, 17, 21, 24,
28, and 31 after collagenase injection to investigate the kinetics of
inﬂammation. At each time point, joint swelling was measured and
knee samples were harvested for histological analyses. Cartilage damage was assessed by hematoxylin-safranin-O staining of knee sections.
Synovial inﬁltration, hyperplasia and ﬁbrosis were analyzed by hematoxylin and eosin staining of knee sections. Since neutrophil inﬂux and
phagocytic clearance by macrophages are two important cellular events
in inﬂammation and resolution, immunohistochemistry was performed
to evaluate the kinetics of neutrophils (MPO) and macrophages (F4/80).
Results: Knee swelling increased shortly after OA induction and
reached a peak on day 3. After day 3, it gradually decreased and
approached full recovery on day 31. There was a peak of synovial
hyperplasia on day 3. The synovium inﬂammatory inﬁltration was
severe at the beginning and decreased with time. After day 10 postinduction, the knees injected with collagenase showed much higher
scores of synovial ﬁbrosis compared with control and increased with
time, indicating the late stage of resolution that is associated with
remodeling reaction. The immunohistochemistry analysis for neutrophils showed a peak on day 1. The immunohistochemistry staining
for macrophages indicated much more positive staining of F4/80 on day
3 and day 7, which suggests that the extent of inﬂammation reached its
peak in the day 1-3 time window and gradually subsided after day 3-7.
Conclusions: Our preliminary results demonstrate that investigating
the dynamics of inﬂammation in mouse model provides a method to
understand the progression of OA inﬂammation and to deﬁne a window
for preclinical intervention studies. In the collagenase-induced OA
model, we mapped the initiation, peak, subsiding of inﬂammation and
recovery over 31 days of observation and demonstrated the dynamics of
neutrophils and macrophages.
PRESENTATION NUMBER: 437
REGULATORY T CELLS ARE UNABLE TO SUPPRESS THE
INFLAMMATORY AND CATABOLIC EFFECTS OF IL-1beta IN AN IN
VITRO MODEL OF OSTEOARTHRITIS
L.E. Keller 1, L. Begum 1, E.D. Tait Wojno 2, L.A. Fortier 1. 1 Cornell Univ.,
Ithaca, NY, USA; 2 Univ. of Washington, Seattle, WA, USA
Purpose: Arthritis is the leading cause of disability in the US. The role of
T cells in the immunoregulation of osteoarthritis (OA) is relatively
understudied. Suppressor Regulatory T cells (Tregs) are enriched and
activated in the inﬂamed joint but are unable to stop OA progression. To
study Tregs in joint homeostasis, a novel tri-culture system of Tregs,
synoviocytes, and chondrocytes was developed to model the articular
environment. This study tested the hypothesis that an enriched Treg
population would mitigate joint inﬂammation through immunosuppressive functions.
Methods: CD4þCD25hi T lymphocytes were isolated from equine blood
(n¼6) using ﬂow cytometric activated cell sorting and stimulated for six
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days with Concanavalin A (5 mg/mL), IL-2 (100 U/mL), and TGF-b1 (2 ng/
mL) to induce a Treg phenotype, and then assessed for expresion of the
Treg master transcription Foxp3, by ﬂow cytometry. To model normal
and OA joints, synoviocytes were co-cultured with chondrocytes in
transwells with synoviocytes on the plate bottom. Co-cultures were þ/stimulated with recombinant equine IL-1b (10 ng/mL) for 24 hours,
rinsed with PBS, and media -IL-1b was replenished. Tregs were plated in
direct contact with synoviocytes to create tri-cultures, and further
incubated for 24 hours. At culture end, synoviocytes and chondrocytes
were analyzed for expression of Il6, MMP13, and TIMP1, and chondrocytes additionally for Col2b and Acan using RT-qPCR. Conditioned
media were evaluated for IL-10, IL-17A, and IL-4 by multiplex ELISA, and
Treg Foxp3 expression was re-assessed using ﬂow cytometry. Data were
analyzed using a Generalized Linear Model with Tukey’s post-hoc,
p<0.05 as signiﬁcant.
Results: Treg differentiation was conﬁrmed by increased expression of
Foxp3 in the CD4þCD25hi population from 39-51% to 72-82% following
stimulation (p<0.0001), and increased IL-10 in tri-culture conditioned
media (437±136 pg/mL) compared to co-cultures (86±54 pg/mL;
p<0.001). IL-17A was not detected in co-cultures, but was in 5 of 6 tricultures, suggesting incomplete differentiation of some effector Th17
cells within the CD4þCD25hi population. IL-4 was detected in control
(215±247 pg/mL) and IL-1b-stimulated (171±208 pg/mL, p¼0.74) tricultures, indicating that there were also residual effector Th2 cells in the
Treg population. As expected, IL-1b in co-cultures increased expression
of MMP13 in synoviocytes (p¼0.02) and chondrocytes (p¼0.0002), but
Tregs did not change this expression pattern (p>0.25; data not shown).
Interestingly, Tregs signiﬁcantly increased Il6 expression in synoviocytes (Fig 1a; p¼0.001) but not in chondrocytes (Fig 1b; p¼0.80) suggesting a cell-cell contact mediated effect. Treg addition also increased
TIMP1 in synoviocytes (Fig 2a; p<0.0001) and chondrocytes (Fig 2b;
p<0.05). IL-1b decreased expression of Col2b (p<0.0001) and Acan
(p¼0.013) in co-culture chondrocytes, validating culture conditions.
Surprisingly, in chondrocytes, addition of Tregs alone decreased Col2b
expression (Fig 3; p¼0.0002) while Acan was decreased by IL-1b and
addition of Tregs (p¼0.0005; data not shown). At culture end, Foxp3
expression in Tregs was signiﬁcantly decreased in control (65.5±3.7%,
p<0.0001) and IL-1b-stimulated (65.2±3.4%, p<0.0001) tri-cultures
compared to before culture (79.5±3.4%).
Conclusions: Failure of a predominately Treg population to resolve
inﬂammation in tri-cultures was unexpected given the signiﬁcant
increases of both IL-10 and IL-4 in tri-cultures. Detection of IL-4 (Th2
cytokine) and IL-17A (Th17 cells) was not surprising given that 72-92%
of T cells were differentiated into Tregs based on Foxp3 expression, and
therefore other T cell populations could be expected. A varied T cell
phenotype is a more realistic representation of cellular inﬁltration into
the joint during OA than pure Tregs alone, and allowed us to determine
if an enriched Treg population would be sufﬁcient to overcome
inﬂammatory effects of pro-inﬂmmatory T cell activation. In this triculture system, Tregs led to increased TIMP1 expression in synoviocytes
and chondrocytes. Despite the presence of IL-4, which works independently or synergistically with IL-10 to prevent joint degeneration,
there was still matrix catabolism with decreased Col2b and Acan
expression. The protective effects of these cytokines could be negated
increased Il6 expression. IL-6 is rapidly secreted following stimulation
promoting MMP13 synthesis in synoviocytes and chondrocytes and
suppression of collagen type II and aggrecan synthesis in chondrocytes.
Anti-IL-6 therapy has been successful in rheumatoid arthritis, and antiIL-6 and/or anti-IL-6R antibodies treatment in mice reduces the
development of post-traumatic OA, laying the foundation for its use as a
therapy to treat OA. IL-17A in s detected in tri-cultures was likely
released by residual effector Th17 cells within the CD4þCD25hi sorted
cells, rather than being a result of Treg phenotype plasticity or instability in an inﬂammatory environment because IL-17A did not differ
between cultures with Tregs regardless of IL-1b stimulation. IL-17A may
be a contributing factor to failure of Tregs to decrease MMP13 expression in synoviocytes and chondrocytes, and could be partially responsible for increased Il6 secretion by synoviocytes. Work in progress
includes quantiﬁcation of IL-6 in conditioned media as a contributor to
failure of Tregs to mitigate inﬂammatory effects of IL-1b within this
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culture system despite expression of Foxp3 in Tregs, and secretion of IL10 and IL-4. TGF-b1, which is secreted by Tregs, will also be measured in
media because it is known to upregulate TIMP1 in synoviocytes and
chondrocytes. Tregs will be further characterized by ﬂow cytometry for
secretion of IL-10, IL-4 and IL-17A to understand which cells within the
Tregs population are contributing to return to homeostasis, and which
are further promoting inﬂammation and catabolism. Future studies aim
to determine if macrophages may be a key intermediate required to
translate Treg immunosuppressive functions to inﬂamed synoviocytes
and chondrocytes.

PRESENTATION NUMBER: 438
BIOLOGICAL MEASURES OF SYNOVIAL INFLAMMATION PREDICT
PAIN, SYMPTOMS, AND ULTRASOUND MEASURES OF SYNOVITIS IN
KNEE OA
H.T. Philpott, T.B. Birmingham, M. Carter, J. Klapak, R. Gifﬁn, B. Lanting,
T. Appleton. Western Univ., London, ON, Canada
Purpose: Synovial inﬂammation (synovitis or effusion-synovitis)
measured via clinical imaging (i.e., magnetic resonance imaging (MRI),
ultrasound (US)) has been shown to be related to worse outcomes in
people with knee OA, including worse pain, higher risk of OA incidence
and progression, and increased risk of requiring a total knee arthroplasty (TKA). Recent studies have shown associations between synovial
histopathology and structural features of knee OA and MRI measures of
synovitis. However, the relationship between histopathology and
patient symptoms remains unclear. Histopathology measures of synovial inﬂammation represent a set of measures that are related to biological disease activity in OA. Therefore, the aim of this study was to
establish the link between synovial inﬂammation and clinical
outcomes.
Methods: Patients were recruited from the Western Ontario Registry
for Early Osteoarthritis (WOREO): Knee Study. Ninety-two people with
severe symptoms and radiographic damage (Kellgren-Lawrence (KL)
grades 3 or 4) undergoing surgery for end-stage knee OA were included.
Patients completed the Knee Injury and Osteoarthritis Outcome Score
(KOOS) questionnaire speciﬁc to each knee and a self-reported patient
global assessment (PGA). An investigator global assessment (IGA) was
also completed for each patient. Musculoskeletal-US was used to
measure effusion-synovitis in suprapatellar mid-line, lateral, and
medial windows (0-3; None-Severe; summed (0-9) and maximum
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effusion depth (mm). Power Doppler signal was also assessed as absent
or present (0 or 1). Lateral suprapatellar synovial biopsies were
obtained at time of surgery. Routine histopathology was scored in six
domains, on 5 slides per patient; mean scores were binned into categories 0, 0.5-1.5, and 2-3 (none, mild, moderate-severe). Composite
histopathology scores were created based on previously published literature, principal component analysis (Eigen values  1.0), and biological rationale. We ﬁtted a series of multivariate linear or logistic
regression models to evaluate the association of histopathology (individual and composite) scores with clinical outcomes and US imaging
measures of synovitis. All analyses were adjusted for age, sex, and body
mass index (BMI). Robust sandwich estimators were used. Results
include unstandardized b coefﬁcients or odds ratios (OR) with 95%
conﬁdence intervals (CIs). All analyses completed using StataIC 15.1.
Results: A total of 92 patients were included (Table 1). Of the 6 histopathology domains, more severe perivascular edema was most strongly
associated with lower (worse) KOOS pain, ADL, and QoL subscale scores
(Table 2). Synovial lining and sub-synovial inﬁltrate scores were signiﬁcantly associated with more severe effusion-synovitis measured by
US grading and maximum effusion depth (Table 3). Vascularization was
associated with higher synovitis score, while more severe ﬁbrosis was
associated with high QoL scores (Table 2) and lower US synovitis score
(Table 3). Synovial histopathology principal components accounted for
approximately 70% of the variance in the dataset but there were minimal associations with clinical and imaging outcomes (Table 4). The
histopathology inﬂammatory composite scores were most strongly
associated with KOOS subscale scores (Table 4).
Conclusions: Inﬂammation measured with synovial histopathology is
associated with knee-speciﬁc pain, symptoms and US imaging measures
of inﬂammation in patients with end-stage knee OA. These ﬁndings may
help us to better understand OA overall. We provide biological evidence
supporting the known relationship between knee inﬂammation and OA
outcomes, which is largely based on imaging assessment in the literature.

PRESENTATION NUMBER: 439
IMMUNOSUPPRESSIVE REGULATORY T CELLS ARE UNABLE TO
SUPPRESS T HELPER 17 CELLS IN POST-TRAUMATIC OSTEOARTHRITIS
L.E. Keller, L.A. Fortier. Cornell Univ., Ithaca, NY, USA
Purpose: Most patients with post-traumatic osteoarthritis (PTOA) have
low-grade joint inﬂammation with inﬁltration of CD3þ T cells into the
synovium and synovial ﬂuid. T helper 17 (Th17) cells inﬁltrate the joint
and release proinﬂammatory cytokines, including IL-17A, contributing
to joint catabolism and destruction. Immunosuppressive Regulatory T
(Treg) cells, which secrete immunomodulatory IL-10, are also homed to
the joint, but are unable to restore joint homeostasis. To gain insight
into timing and targets of potential immunotherapies, this study aimed
to characterize Treg and Th17 cell populations in synovial ﬂuid from
equine clinical patients with PTOA. We hypothesized that a dynamic
Treg:Th17 imbalance would contribute to disease progression and
provide multiple opportunities for immunomodulatory therapy.
Methods: Synovial ﬂuid samples were obtained from horses undergoing arthroscopic surgery for PTOA resulting from intra-articular
fracture fragmentation. Joints were classiﬁed as mild PTOA (n¼7) if the
cartilage outside of the fracture plane was visibly and palpably normal,
or as moderate PTOA (n¼5) if there was cartilage softening or surface
ﬁbrillation; no joints had full thickness cartilage loss. Synovial ﬂuid
(n¼36) was also obtained from unoperated (non-op) horses with normal cartilage at euthanasia. Synovial ﬂuid samples were centrifuged at
1800 xg for 15 minutes to isolate viable leukocytes and retain a cell-free
supernatant. Blood was drawn from healthy horses (n¼12) to isolate
peripheral blood (PB) mononuclear cells. Leukocytes from PB and
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synovial ﬂuid were analyzed by ﬂow cytometry for T helper cells (CD4),
macrophages (CD14), and T cell (CD3)-speciﬁc intracellular cytokines
(IL-10, IL-17A) and Tregs (Foxp3). Prior to intracellular cytokine analysis,
leukocytes were stimulated with 25ng/mL phorbol 12-myrisate 13acetate and 1mM ionomycin to stimulated production of cytokines and
in the presence of brefeldin A to block secretion. Data were analyzed
using a Generalized Linear Model with Tukey’s post-hoc, p<0.05 as
signiﬁcant.
Results: The majority of lymphocytes in synovial ﬂuid were CD3þ T
cells, which increased in moderate PTOA joints compared to non-op
normal joints (p<0.01) and PB (Figure 1; p<0.05). There were no differences in CD4þ T helper cell populations between non-op, mild, and
moderate (p>0.1) PTOA groups, but CD4þ T helper cells in all joint
groups were lower than PB (p<0.005). In contrast, CD14þ macrophages
were increased in moderate compared to mild PTOA (p¼0.013) and
non-op (p¼0.0001) and overall in joints compared to PB (p<0.005). IL10-secreting cells accounted for less than 7% of the CD3þ lymphocyte
population and were not different between non-op, mild PTOA, moderate PTOA, or PB (Figure 2a; p>0.65). However, IL-17Aþ populations
were increased in moderate PTOA compared to non-op, mild PTOA, or
PB (Figure 2b; p>0.0001). Foxp3þ Tregs within the CD3þ T cell population were not different among joint groups (p>0.9) or compared to
PB (Figure 3a; p>0.5). A greater percentage of Foxp3þ Tregs within nonop (p<0.0001) and mild PTOA (p¼0.006) joints secreted IL-10 than
Tregs in PB, but IL-10 secretion of Tregs in moderate PTOA (p¼0.07) was
not different than PB (Figure 3b). The IL-17A-secreting Treg population
was increased in moderate compared to mild PTOA (p¼0.05), but was
not different in joints compared to PB (Figure 3a; p>0.1).
Conclusions: After traumatic injury, chemokines are released from
joint tissues and home monocytes and T cell from the PB into the joint
where they respond to the local environment and affect joint homeostasis. The majority of lymphocytes in synovial ﬂuid from non-op and
PTOA joints were CD3þ T cells, which were enriched in the joint compared to PB, making them a note-worthy target population for immunotherautics. The small and unchanged populations of IL-10þ T cells and
Foxp3þ Tregs in non-op and both PTOA groups suggests that the
majority of CD3þ T cells in the joint prior to and following trauma are
pro-inﬂammatory, or alternatively do not have immunosuppressive
functions. Additionally, lack of enrichment of immunosuppressive cells
in the joint suggests a failure to either home or maintain these populations within healthy and damaged joints. Although a greater percent
of Tregs in non-op and PTOA joints secreted IL-10 compared to those in
PB, they were unable to mitigate inﬂammation and restore joint
homeostasis. In contrast, IL-17A contributes to catabolism and joint
destruction and likely contributes to progression of PTOA with Th17
cells present in moderate PTOA. Phenotypic plasticity of Foxp3þ Tregs to
a Th17-secreting phenotype is suggested in the mild PTOA group by the
inverse relationship between IL-10-secreting Tregs and IL-17A-secreting Tregs. The marked increase in Th17 cells and IL-17A-secreting Tregs
in moderate PTOA implicates IL-17A as a target for immunotherapy.
Anti-IL-17A antibodies have met with success in reducing radiographic
disease progression in the treatment of rheumatoid and psoriatic
arthritis, which similarly present with higher numbers of Th17 cells in
synovial ﬂuid. Anti-IL-17 for treatment of OA is patented, but to the
authors’ knowledge there are no reports of its application in pre-clinical
animal models or patients. Irrespective of IL-17A, our data suggest that
persistent T cell populations within in the joint, and a ﬂuctuating
Treg:Th17 imbalance in the timecourse of disease provides multiple
opportunities for immunotherapeutic intervention aimed at restoring
joint homeostasis, and that appropriate timing and targets of immunotherapies in the treatment of post-traumatic osteoarthritis are critical
to improve patient clinical outcomes.
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following joint trauma but not in the later stages of PTOA development.
The pain of early PTOA is characterised here as being predominantly
inﬂammatory while in late stage disease the pain is more neuropathic.
Thus, PAR-4 blockade may be effective at alleviating joint pain during
the onset of PTOA or during episodic inﬂammatory ﬂares. The role of
PAR-4 in neuropathic PTOA pain appears to be limited.
PRESENTATION NUMBER: 441
DEVELOPMENT OF A PAIN SENSITIVITY INDEX TO EXAMINE THE
TRANSITION FROM INTERMITTENT TO CONSTANT PAIN IN KNEE
OSTEOARTHRITIS: THE MULTICENTER OSTEOARTHRITIS STUDY
K. Aoyagi 1, L. Carlesso 2, S. Jafarzadeh 1, M. LaValley 3, N. Wang 3,
L. Frey-Law 4, C. Lewis 5, M. Nevitt 6, T. Neogi 1. 1 Boston Univ. Sch. of Med.,
Boston, MA, USA; 2 McMaster Univ., Hamilton, ON, Canada; 3 Boston Univ.
Sch. of Publ. Health, Boston, MA, USA; 4 Univ. of Iowa, Iowa City, IA, USA;
5
Univ. of Alabama at Birmingham, Birmingham, AL, USA; 6 Univ. of
California San Francisco, San Francisco, CA, USA
PRESENTATION NUMBER: 440
PROTEINASE ACTIVATED RECEPTOR-4 SIGNALS PAIN IN EARLY BUT
NOT LATE-STAGE POST-TRAUMATIC OSTEOARTHRITIS IN RATS
J.J. McDougall, M.S. O'Brien. Dalhousie Univ., Halifax, NS, Canada
Purpose: Serine proteinases such as thrombin and cathepsin-G are
known to cleave and subsequently activate proteinase activated
receptor-4 (PAR-4). In joints, selective peptide ligands that bind to PAR4 cause sensitization of joint nociceptors and impart a marked pain
response. Furthermore, blockade of PAR-4 with the antagonist pepducin
p4Pal10 has been shown to reduce peripheral sensitization and joint
pain, as well as ameliorating physiological signs of inﬂammation in an
acute synovitis model. The role of PAR-4 in modulating osteoarthritis
(OA) pain, however, has yet to be tested. Therefore, the aim of this study
was to investigate the involvement of PAR-4 in modulating joint afferent mechanosensitivity and pain in the medial meniscus transection
(MMT) model of post-traumatic osteoarthritis (PTOA).
Methods: Male Wistar rats (250-300g) were deeply anaesthetised with
isoﬂurane (2% in 100% O2 at 1L/min) and prepared for MMT surgery. The
medial collateral ligament of the right stiﬂe joint was isolated and
transected at mid-substance to allow access to the joint cavity. The
medial meniscus was extruded and also transected at mid-substance
before the surgical wound was sutured closed. Joint nociception was
determined in vivo by recording extracellular single units from knee
joint primary afferents in response to noxious rotation of the joint.
Secondary mechanical allodynia was assessed by von Frey hair algesiometry. Joint afferent mechanosensitivity and pain were assessed at
either day 7 (early PTOA) or day 28 (late stage PTOA) after MMT surgery.
To investigate the involvement of PAR-4, separate cohorts of animals
were treated with either the selective antagonist pepducin p4Pal10
(300mg/kg i.p.) or saline vehicle. Serum cytokine levels and saphenous
nerve ﬁbre morphology were also assessed in early and late stage PTOA
animals.
Results: Joint nociceptor ﬁring rate was signiﬁcantly elevated in PTOA
animals compared to naïve control (P<0.05; n-11-16 ﬁbres/group, 2factor ANOVA); however, there was no signiﬁcant difference between
the two time points (day 7: 35 ± 5 action potentials/movement; day 28:
38 ± 5 action potentials/movement). Compared to pre-surgical levels,
MMT also produced a signiﬁcant hindlimb pain response on both days 7
and 28 post-surgery (P<0.05; n¼7-8). Treatment of day 7 PTOA rats
with pepducin p4Pal10 ameliorated both joint nociceptor hypersensitivity as well as increasing von Frey hair withdrawal threshold
(P<0.05). In day 28 animals, however, PAR-4 blockade had no effect on
afferent ﬁring rate or secondary allodynia. Measurement of serum
cytokine levels revealed that interleukin-1b and interleukin-17-A concentration were higher in day 7 animals (IL-1b: 703.5 ± 110.5 pg/mL, 1L17A: 37.29 ± 4.1 pg/mL) compared to day 28 rats (IL-1b: 252.9 ± 77.3 pg/
mL, IL-17A: 15.3 ± 5.7 pg/mL). Finally, the percentage of damaged joint
nerve ﬁbres in end stage PTOA (29±5%) was signiﬁcantly higher
(P<0.05) than the proportion of abnormal axons found in early diseased
joints (15 ±1%).
Conclusions: Joint instability as a consequence of meniscal injury
causes peripheral sensitization of joint nociceptors and associated pain.
This pain response is mediated in part by PAR-4 in the acute phase

Purpose: Pain in knee osteoarthritis (OA) is typically intermittent and
activity-dependent at early disease stages and then may eventually
transition to constant/persistent pain at later stages. Alterations in
nociceptive signaling, such as pain sensitization, which is abnormal
ascending pain facilitation, and/or inadequate descending pain modulation, may contribute to such transitions of pain experience in knee OA.
While one could test each individual pain pathway for their relation to
pain transitions, it is possible that examining the global functioning of
these pain pathways may provide better insights into pain transitions in
knee OA. We therefore developed a composite pain sensitivity index
(PSI) that incorporates multiple aspects of nociceptive alterations and
evaluated its relation to development of constant pain in knee OA.
Methods: We included subjects from the Multicenter Osteoarthritis
(MOST) Study, a NIH-funded longitudinal cohort study of persons with
or at risk of knee OA. We obtained the following quantitative sensory
testing (QST) measures at baseline: i) pressure pain threshold (PPT) at
the wrist and patellae assessed with an algometer as the point at which
pressure changed to slight pain; ii) temporal summation (TS) at the
wrist using weighted probes; and iii) conditioned pain modulation
(CPM) using forearm ischemia as the conditioning stimulus with PPTs at
the wrist obtained pre- and post-conditioning stimulus. A post-PPT:
pre-PPT ratio  1 is considered to be inefﬁcient CPM. Each QST measure
was standardized to a control sample without OA and without knee
pain, with directionality of each indicating more abnormal functioning
with a higher value, and rescaled to 0-100 score. The PSI was computed
as the mean of the 4 QST measures (0-100). A higher PSI score represents greater pain sensitivity. We obtained the Intermittent and Constant Osteoarthritis Pain (ICOAP) questionnaire at baseline and two
years later. Among participants at baseline who we deﬁned as having
intermittent pain only (i.e., intermittent pain of at least ‘mild’ severity
occurring ‘sometimes’ on ICOAP), we examined the relation of the PSI to
the development of constant pain (deﬁned as having constant pain of at
least ‘mild’ severity on ICOAP) two years later using logistic regression
with generalized estimating equations to account for correlations
between two knees within a person, adjusting for potential confounders (age, sex, body mass index, race, clinic sites, depressive
symptoms, pain catastrophizing, sleep quality, widespread pain, use of
opioids). We repeated the analyses for individual QST measures that
were also standardized and rescaled to 0-100.
Results: 2737 participants (3031 knees) were included (mean age 64 ±
10, 58% female, mean BMI 29.4 ± 5.7). Over two years, 6.7% developed
constant pain. Each 10-unit increase in PSI score (signifying greater pain
sensitivity) was signiﬁcantly associated with 49% greater odds of
developing constant pain over 2 years (Table). In contrast, the magnitude of association for each individual QST measures was either smaller
than that of the PSI score, or not signiﬁcantly associated with developing constant pain (Table).
Conclusions: The PSI score was associated with higher risk of developing constant pain two years later, whereas the individual QST
measures had either smaller or null associations. These results highlight
the potential clinical relevance of multiple coexisting nociceptive signaling alterations in knee OA, and support the importance of performing a global assessment of pain sensitization to capture the overall
status of the nociceptive system.
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be responsible for NWB pain that merit further examinations, such as
inﬂammation or psychological factors.

PRESENTATION NUMBER: 442
WEIGHT-BEARING AND NON-WEIGHT-BEARING PAIN MAY REFLECT
DIFFERENT PAIN MECHANISMS IN KNEE OSTEOARTHRITIS

PRESENTATION NUMBER: 443
ASSOCIATIONS OF PERIPHERAL AND CENTRAL PAIN MECHANISMS
WITH VOLUNTARY MUSCLE STRENGTH IN PEOPLE WITH KNEE PAIN

K. Aoyagi 1, J. Liew 1, L. Carlesso 2, J. Farrer 3, N. Wang 4, L. Frey Law 5,
C. Lewis 6, M. Nevitt 7, T. Neogi 1. 1 Boston Univ. Sch. of Med., Boston, MA,
USA; 2 McMaster Univ., Hamilton, ON, Canada; 3 Univ. of Pennsylvania,
Philadelphia, PA, USA; 4 Boston Univ. Sch. of Publ. Health, Boston, MA,
USA; 5 Univ. of Iowa, Iowa City, IA, USA; 6 Univ. of Alabama at
Birmingham, Birmingham, AL, USA; 7 Univ. of California at San
Francisco, San Francisco, CA, USA

B. Yue 1, D.F. McWilliams 1, S. Smith 1, J. Stocks 1, A. Sarmanova 2,
G.S. Fernandes 2, L. Swaithes 1, N. Frowd 1, M. Doherty 1, W. Zhang 1,
A.M. Valdes 1, M. Hall 1, D.A. Walsh 1. 1 Univ. of Nottingham, Nottingham,
United Kingdom; 2 Univ. of Bristol, Bristol, United Kingdom

Purpose: Knee osteoarthritis (OA) is predominantly characterized by
pain with weight-bearing (WB) activities, which is thought to be
reﬂective of nociceptive pain. However, pain at rest, i.e., non-weight
bearing (NWB), is also common in individuals with knee OA. Why NWB
pain may occur in a disease that is largely biomechanically driven is not
clear, though altered neurobiological functioning of pain pathways is
hypothesized to play a role, such as ascending pain facilitation (pain
sensitization) and inefﬁcient descending pain modulation. We, therefore, sought to determine whether pain sensitization or inefﬁcient
conditioned pain modulation (CPM) may have different associations
with WB pain and NWB pain in knee OA.
Methods: We used data from The Multicenter Osteoarthritis Study
(MOST), a NIH-funded longitudinal cohort of older adults with or at risk
of knee OA. To assess pain sensitivity and CPM, we employed the following quantitative sensory testing (QST) measures: 1) pressure pain
threshold (PPT) at the wrist and patellae using a handheld algometer,
deﬁned as the point at which pressure ﬁrst changed into slight pain, and
categorized into sex-speciﬁc tertiles. Low PPT at the wrist is thought to
reﬂect greater central sensitization while low PPT at the patella is
thought to reﬂect greater peripheral þ/- central sensitization; 2)
mechanical temporal summation (TS) assessed using a weighted
punctuated probe applied as a train at 1Hz over 10 seconds. An increase
in pain rating at the end of the train indicates central sensitization; 3)
Efﬁciency of CPM assessed using forearm ischemia as the conditioning
stimulus. A ratio of the post-conditioning stimulus PPT to the preconditioning stimulus PPT being 1 indicates inefﬁcient CPM. WB pain
was deﬁned as presence of at least moderate pain on each of the
WOMAC pain subscale questions regarding stairs, standing, and walking; a similar approach was used to deﬁne NWB pain based upon the
questions regarding sitting/lying, and sleeping at night. We evaluated
the relation of each QST measure to each of the WOMAC pain questions
in separate models, using logistic regression with generalized estimating equations to account for correlations between two knees within
an individual, adjusting for potential confounders (age, sex, body mass
index (BMI), catastrophizing, depressive symptoms, poor sleep quality,
widespread pain).
Results: 2749 subjects (5479 knees) were included (mean age 64±11,
57% female, mean BMI 29.5±5.7 kg/m2). Lower patellar PPT was associated with greater odds of both WB and NWB pain (Table). Lower wrist
PPT was associated with greater odds of WB pain but not with NWB
pain while facilitated TS was associated with greater odds of only pain
with stairs. CPM was not associated with any of the outcomes.
Conclusions: Greater peripheral sensitization, as measured by patellar
PPT, was associated with both WB and NWB pain while PPT at the wrist
and TS, both measures of central sensitization, were associated with WB
pain only. CPM, a surrogate measure of descending pain modulation,
was not associated with either type of pain. Our ﬁndings challenge the
hypothesis that NWB pain may reﬂect greater pain sensitization and
inefﬁcient CPM than WB pain, and suggest that other mechanisms may

Purpose: Knee pain is a major cause of disability and approximately 25%
of people, aged 55 years and over in the UK, experience knee pain. Pain
might be caused by local structural changes or inﬂammation linked to
knee osteoarthritis (OA), and might be associated with alterations in
central nervous system pain processing. People with knee pain commonly report weakness or giving way of their knees, despite often a lack
of evidence of structural instability. Knee pain can reduce quadriceps
voluntary contractions, a process referred to as reﬂex inhibition. "Central mechanisms trait" (CMT), a composite self-report tool, was
designed to measure central pain augmentation in individuals with
knee pain (Akin-Akinyosoye et al. Osteoarthritis Cartilage 2020;
28(2):173-81). It can be measured using 8 questionnaire items
addressing anxiety, depression, catastrophizing, neuropathic-like pain,
fatigue, sleep disturbance, pain distribution, and cognitive impact. This
study aimed to explore possible effects of central and peripheral pain
mechanisms on muscle strength in people with knee pain.
Methods: This is a sub-study embedded in the Nottingham Knee Pain
and Health in the Community (KPIC) cohort study in the East Midlands
region of the UK including 9506 men and women aged  40 years at
baseline. 322 participants that reported knee pain took part in additional baseline clinical assessments and were invited for repeat
assessment at 1 year. The “Early Knee Pain” group at baseline was
deﬁned as pain commencing within the past 3 years, with the “Established Knee Pain” group being those reporting moderate to severe knee
pain that lasted more than 3 years. Clinical assessment related to central
pain mechanisms comprised CMT and pressure pain detection thresholds (PPT) at the proximal tibia ipsilateral to the index knee. Assessment
related to peripheral pain mechanisms were total radiographic OA score
(Nottingham Line Drawing Atlas), and ultrasound synovitis score. The
mean value of 3 repeats of maximum quadriceps voluntary contraction
(MVC) for index knee was assessed by ‘Nicholas Manual Muscle Tester’
(Lafayette Instruments, Indiana). The index knee was selected based on
the only (unilateral) or most painful knee (bilateral). A knee was randomly selected if all scores were the same. The index knee was the only
knee that was analysed in this study. The dominant hand grip strength
was measured by the mean value of 3 repeats using a JAMAR hydraulic
dynamometer (Lafayette, Indiana). Associations were explored using
Spearman’s correlation coefﬁcient and multiple linear regression
models. Results were presented with standardized coefﬁcients beta (b
value), 95% Conﬁdence Interval (CI), and p-value.
Results: Of the 322 participants that provided baseline data, 219 had
early and 103 had established knee pain. Quadriceps and hand grip
strength were each associated with knee pain severity both at baseline
and in longitudinal analyses. In cross-sectional analyses at baseline, PPT
and CMT were associated with quadriceps strength, more strongly than
were radiographic OA scores, while ultrasound synovitis score was not
signiﬁcantly associated with muscle strength. CMT was associated with
hand grip strength. At 1 year, 255 people were reassessed (181 with
early knee pain and 74 with established knee pain). The correlations
between baseline variables and year 1 quadriceps strength were
examined for baseline index knee pain (r¼-0.32, p<0.001), age (r¼
-0.08, p¼0.2), female sex (r¼-0.46, p<0.001), study group (r¼ -0.25,
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p<0.001), CMT (r¼-0.44, p<0.001), PPT (r¼0.29, p<0.001), global X-ray
score (r¼-0.13, p¼0.001) and total ultrasound score (r¼-0.01, p¼0.9). In
longitudinal regression analysis (after adjustment for the above variables plus baseline quadriceps strength) baseline CMT was associated
with year 1 quadriceps strength (b¼-0.20 (95%CI:-0.34 to -0.06);
p¼0.005; Table 1). Baseline CMT was also associated with year 1 hand
grip strength (Table 1).
Conclusions: Central mechanisms of pain are associated with reduced
muscle strength, both at the index knee and at a distant site (hand).
Central pain mechanisms appeared to drive these associations, whereas
local radiographic changes did not appear to be strongly linked.
Addressing central pain augmentation has potential to improve muscle
strength and reduce frailty in people with knee pain.

Analyses

Dependent
variable

Independent
variables

CMT
PPT
Global X-ray
Total ultrasound
score
Baseline hand CMT
grip strength PPT
CMT
Longitudinal Year 1
PPT
regression quadriceps
Global X-ray
strength
Total ultrasound
score
Year 1 hand
CMT
grip strength PPT
Baseline
Baseline
regression quadriceps
strength

Beta

95% CI

p

-0.19
0.13
-0.11
0.03

-0.33 to -0.04
0.01 to 0.25
-0.24 to 0.02
-0.10 to 0.16

0.012
0.037
0.102
0.645

-0.21
0.19
-0.20
0.04
0.01
-0.03

-0.33 to -0.08
0.08 to 0.30
-0.34 to -0.06
-0.07 to 0.15
-0.12 to 0.14
-0.15 to 0.09

0.001
0.001
0.005
0.485
0.831
0.637

-0.24 -0.40 to -0.08 0.004
0.04 -0.07 to 0.16 0.454

Baseline and longitudinal
regression analyses for muscle
strength

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 444
PRE-TREATMENT PAIN SENSITIVITY IS ASSOCIATED WITH OUTCOME
FOLLOWING EXERCISE THERAPY IN PATIENTS WITH KNEE
OSTEOARTHRITIS - AN OBSERVATIONAL STUDY
S. Hansen 1, H. Bjarke Vaegter 2, 3, M. Høgh 4, S.T. Skou 5, 6,
L. Arendt-Nielsen 1, 4, K. Kjær Petersen 1, 4. 1 Ctr. for Sensory-Motor
Interaction (SMI), Dept. of Health Sci. and Technology, Faculty of Med.,
Aalborg Univ., Aalborg, Denmark; 2 Pain Res. Group, Pain Ctr., Odense
Univ. Hosp., Odense, Denmark; 3 Dept. of Clinical Res., Faculty of Health
Sci., Univ. of Southern Denmark, Odense, Denmark; 4 Ctr. for
Neuroplasticity and Pain (CNAP), Dept. of Health Sci. and Technology,
Faculty of Med., Aalborg Univ., Aalborg, Denmark; 5 Res. Unit for
Musculoskeletal Function and Physiotherapy, Dept. of Sports Sci. and
Clinical Biomechanics, Univ. of Southern Denmark, Odense, Denmark;
6
Dept. of Physiotherapy and Occupational Therapy, Næstved-SlagelseRingsted Hosp., Region Zealand, Slagelse, Denmark
Purpose: Exercise therapy in combination with education is recommended as ﬁrst-line treatment for painful knee osteoarthritis (KOA). In
clinical practice, supervised exercise therapy and education demonstrate approx. 25% pain relief following an 8-week treatment program.
Studies indicate that some patients with KOA experience larger pain
relief compared to others. Assessments of peripheral and central pain
mechanisms has been used to predict responders and non-responders
to treatment. Studies on surgery and treatment with non-steroid antiinﬂammatory drugs in patients with KOA have indicated that patients
with higher levels of pain sensitivity might respond less positive. The
primary aim of this observational study was to investigative if measures
of pre-treatment pain sensitivity was associated with clinical outcomes
after supervised exercise therapy and education.
Methods: Patients with painful KOA (numeric rating scale [NRS, 0-10] 
3) were included, and examined before and 1-2 weeks after 6-8 weeks
of supervised exercise therapy (2 sessions of 1 hour per week) and 2
sessions of patient education. Handheld pressure pain threshold (PPT)
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was assessed locally at the most painful knee at 4 peripatellar sites
(knee) and at two remote sites at the m. tibialis anterior (TA) and the
contralateral m. extensor carpi radialis longus (ECRL). Further, computer-controlled cuff algometry at the lower leg with the most intense
knee pain was used to assess pain detection threshold (cPDT), pain
tolerance threshold (cPTT) and conditioned pain modulation (cCPM).
Peak pain intensity within the last 24 hours (NRS, 0-10), PainDetect
questionnaire (PDQ, 0-38) and Knee injury and Osteoarthritis Outcome
Score (KOOS) were assessed as clinical measures. PDQ assesses the pain
phenotype with a score  12 indicating probably nociceptive pain, 1318 uncertain pain phenotype and  19 probably neuropathic pain.
KOOS4 was deﬁned as the average score of the subscale scores for Pain,
Symptoms, Activity of Daily Living and Quality of Life (0-100 with 0
indicating extreme problems and 100 indicating no problems). Physical
performance was assessed using the 40-meter walk test (40MWT). A
treatment attendance score (%) was calculated for each patient by
dividing the number of sessions attended by the number of sessions
scheduled (twice per week). This study was approved by the local
ethical committee (N-20190045) and pre-registered at clinicaltrials.org
(NCT04123756). All participants gave oral and written informed
consent prior to enrollment.
Results: This interim analysis reports on the ﬁrst patients recruited for
this observational study. Eleven KOA patients (6 women) with mean
peak pain intensity of 6.0 ± 1.5, median pain duration 17.0 months
(range: 5-120) and body mass index of 30.3 ± 5.7 were included in this
interim analysis. In one subject, follow-up was made by telephone due
to the COVID-19 situation, leaving 10 subject for the analysis on changes
in pain sensitivity measures. Attendance score was 98.1 ± 18.1% during
7.1 ± 0.7 weeks. Following treatment, improvements were observed in
KOOS4 (57.1 ± 10.0 at baseline vs. 65.3 ± 13.1 at follow-up, P < 0.01), and
peak pain intensity (6.0 ± 1.5 vs. 3.2 ± 2.3, P < 0.001). No differences
were seen for PDQ (7.6 ± 2.6 vs 6.8 ± 3.6, P ¼ 0.77) and 40MWT (27.1 ±
6.6 sec vs. 25.8 ± 5.2 sec, P ¼ 0.29). Further, no changes in any of the pain
sensitivity measures were found following treatment (all Ps > 0.15). Pretreatment cPDT (rs < 0.73, P < 0.05) and cPTT (rs < 0.72, P < 0.05) were
associated with post-treatment KOOS4. No signiﬁcant associations were
found between pre-treatment PPT or CPM effects and post-treatment
peak pain measures or change in KOOS-4 (P > 0.05).
Conclusions: These results indicate that patients with higher pretreatment pressure pain sensitivity have worse KOOS4 scores following
supervised exercise therapy and education.
PRESENTATION NUMBER: 445
COMORBIDITIES IN HAND OSTEOARTHRITIS PATIENTS: PREVALENCE
AND IMPACT ON PAIN AND PAIN SENSITIZATION
E. Mulrooney 1, T. Neogi 2, H. Dagﬁnrud 1, 3, H.B. Hammer 1, 3,
P.S. Pettersen 1, 3, T.L. Gaarden 1, 3, K. Engedal 4, 3, T.K. Kvien 1, 3,
K. Magnusson 5, I.K. Haugen 1. 1 Diakonhjemmet Hosp., Oslo, Norway;
2
Boston Univ., Boston, MA, USA; 3 Univ. of Oslo, Oslo, Norway; 4 Norwegian
Ctr. of Ageing and Health, Oslo, Norway; 5 Lund Univ., Lund, Sweden
Purpose: Pain is a hallmark symptom of hand osteoarthritis (OA), and a
subset of people with hand OA display centrally driven pain characteristics. It is well-known that pain is largely driven by person-related
factors rather than the OA severity, but how comorbidities are related to
the pain experience in persons with hand OA is currently undetermined. Comorbidities may be linked to changes in central and
peripheral pain pathophysiology and the pain levels through for
example low-grade inﬂammation. Hence, the purpose of this study was
to determine whether the burden of comorbidities or the individual
comorbidities were associated with pain and pain sensitization in
persons with hand OA.
Methods: These cross-sectional analyses included 282 participants
from the Nor-Hand study, which is an hospital-based study of hand OA
patients. Comorbidities were assessed by a self-administered comorbidity questionnaire (0-45 scale)by Sangha et al., which includes 12 predeﬁned medical conditions and 3 optional conditions. The participant
can receive a maximum of 3 points for each comorbidity: 1 point for the
presence of the comorbidity, 1 point if one receives treatment for the
comorbidity and 1 point for limitation in functioning due to the
comorbidity. The index is sub-divided into a Disease, Limitation and
Treatment scale. The participants completed questionnaires about pain
in their hands, knees/hips and total body. The questionnaires included
Numeric Rating Scale (NRS) about hand pain (0-10) and all joints (0-10),
the Australian/Canadian (AUSCAN) hand pain subscale (0-20 scale) and
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Western Ontario and McMaster Universities Arthritis Index (WOMAC)
pain subscale (0-20). Additionally, the participants completed a
homunculus (0-18) to assess the number of painful joint sites in the
previous six weeks. Central pain sensitization was assessed by quantitative sensory testing. Pressure pain thresholds (PPTs) (kg/cm2) were
assessed at the tibialis anterior and trapezius muscles. Temporal summation (TS) was measured at the at the distal radioulnar joint with
weighted probe that was applied at 1 Hz over 10 seconds. A TS-delta
was calculated, of the ﬁrst and the peak measure of the either ﬁfth or
tenth tap. We examined the relation of the comorbidity index and the
subscales to the various pain measures using linear regression analyses.
Further, we examined the associations between the presence of each
individual comorbidity and the pain measures. All analyses where
adjusted for age, sex, body mass index (BMI) and education.
Results: The study participants (89% women) with median (IQR) age of
61 (57-66) years showed a broad range in pain severity. The most frequent self-reported comorbidities were back pain (n¼170, 60%),
hypertension (n¼ 85, 30%), stomach ulcer or other abdominal disease
(n¼62, 22%) and depression (n¼46, 16%). In total 281 (99.3 %) reported
to have one or more comorbidity other than OA. The mean (SD)
comorbidity index value was 7.73 (4.25). Higher values were statistically signiﬁcantly associated with greater pain severity by each selfreported pain questionnaire, lower PPT at the trapezius muscle (and
borderline signiﬁcant for PPT at the tibialis anterior), and with greater
TS (Table 1-2). Similar results were found for each of the three comorbidity subscales. Evaluating the individual comorbidities separately,
depression, back pain and hypertension were associated with pain
severity, although not statistically signiﬁcant for all pain questionnaires
(Table 1). When depression, back pain and hypertension were included
in the same model, the results remained more or less the same (data not
shown). There were no statistically signiﬁcant association between the
individual comorbidities and central pain sensitization (Table 2).
Conclusions: In the Nor-Hand study, the burden of comorbidities was
associated with both self-reported pain intensity and central pain
sensitization. Hypertension, back pain and depression were associated
with most self-reported pain measures. The lack of associations
between individual comorbidities and quantitative sensory testing
suggest that the burden of comorbidity is more important rather than
speciﬁc comorbidities for central pain sensitization. Further, due to the
cross-sectional nature of this study, causality cannot be discerned.

PRESENTATION NUMBER: 446
INDIVIDUAL PARTICIPANT DATA META-ANALYSIS OF METABOLOMICS ON REFRACTORY KNEE PAIN IN PRIMARY OSTEOARTHRITIS
PATIENTS
C.A. Costello 1, J.S. Rockel 2, M. Liu 1, R. Gandhi 2, A. Perruccio 2,
Y. Rampersaud 2, N.N. Mahomed 2, P. Rahman 1, E.W. Randell 1,
M. Kapoor 2, G. Zhai 1. 1 Mem. Univ. of Newfoundland, St. John's, NL,
Canada; 2 Univ. Health Network, Toronto, ON, Canada
Purpose: Although osteoarthritis (OA) affects up to 10% of the population over 60 years old, the molecular mechanisms underlying the
disease are still not well known. Knee pain resulting from OA is a
common but complex condition, often acting as a main driver for OA
patients to seek healthcare. Patient reporting of knee pain associated
with OA is variable - some only during vigorous activity while others
progress to constant knee pain that can often be discordant with the
radiographic severity of OA. While some can be managed using physical, medical, or surgical treatment strategies, around 10 - 20% of
patients experience refractory knee pain because total knee replacement surgery (TKR), the last option for OA patients, failed to relieve
their knee pain. TKR rates are steadily increasing; this results in
increased burden on the healthcare system and decreased quality of life
for patients. The cause of this treatment-resistant refractory pain is not
currently known; urgent attention is required to reveal the mechanism.
We deﬁned refractory knee pain as patients whose TKR surgery failed to
relieve their knee pain, and conducted an individual participant data
meta-analysis of metabolomics on refractory knee pain to reveal
potential mechanisms.
Methods: Two independent cohorts were included in the study: the
Newfoundland Osteoarthritis Study (NFOAS) collected in St. John’s, NL,
Canada, and the Longitudinal Evaluation in the Arthritis Program,
Osteoarthritis Study (LEAP OA) collected in Toronto, ON, Canada. Knee
pain occurring one or more years after TKR due to primary OA was
assessed using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain subscale which includes ﬁve pain related
questions. Refractory knee pain was deﬁned primarily as patients who
answered yes to all ﬁve pain-related questions. In addition, three other
knee pain patterns were also considered in the analysis: pain while in
bed at night; pain when sitting or lying down; and yes to at least one of
the ﬁve questions. Plasma samples were collected after at least 8 hours
fasting in both cohorts prior to TKR. Metabolic proﬁling in both cohorts
was performed using the Biocrates AbsoluteIDQ p180 kit which measures a total of 186 metabolites. A total of 137 metabolites passed quality
control for both cohorts and were included in the analysis. Two-stage
meta-analysis approach was utilized. First, associations between
refractory knee pain and individual metabolites (n¼137) and pair-wise
metabolite ratios (n ¼ 18,632) as proxies for enzymatic reactions were
tested in each of the cohorts by regression modeling method with
adjustment for age, sex, and BMI. Then, random effects meta-analysis
method with inverse variance as weights was performed on the summary statistics. Signiﬁcance was deﬁned at a ¼ 0.00037 for individual
metabolites for controlling multiple testing with Bonferroni method
and at a ¼ 2x10-5 for metabolite ratios, which was the proposed
metabolome-wide signiﬁcance level. Further, a genome-wide association (GWAS) was performed to identify genes associated with the
identiﬁed metabolite and ratios. GWAS signiﬁcance was deﬁned at a ¼
5x10-8.
Results: The NFOAS included a total of 430 TKR patients and the LEAP
OA included a total of 495 TKR patients. The average age of NFOAS
patients was 65.2±7.5 years and the average BMI was 34.9±6.9 kg/m2;
57.4% of patients were female. The average age of LEAP OA patients was
65.5±8.4 years and the average BMI was 30.8±6.0 kg/m2; 57.2% of
patients were female. The prevalence of refractory knee pain was 8.1%
in the NFOAS and 23.8% in the LEAP OA cohort. When other refractory
knee pain patterns were considered, the prevalence in the NFOAS was
14.0% for pain while in bed at night, 13.3% for pain while sitting or lying,
and 24.9% for yes in at least one of the ﬁve questions. In the LEAP OA
cohort, the prevalence of other refractory knee pain patterns was 42.4%
for pain while in bed at night, 40.6% for pain while sitting or lying, and
76.2% for yes in at least one of the ﬁve questions. In the individual
metabolite meta-analysis, one metabolite, phosphatidylcholine (PC)
diacyl (aa) C28:1 was signiﬁcantly associated with refractory knee pain
(OR¼ 0.66, p ¼ 0.00026). The metabolite had a similar effect size and
same effect direction when tested in other refractory knee pain patterns but the p values did not reach the pre-deﬁned signiﬁcance level.
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In the metabolite ratio meta-analysis, three metabolite ratios, PC aa
C32:0 to PC aa C28:1, PC aa C28:1 to PC aa C32:0, and tetradecadienylcarnitine (C14:2) to sphingomyelin (SM) C20:2, were signiﬁcantly
associated with refractory knee pain (ORs ¼ 1.59, 0.60, 1.59, respectively; all p < 2x10-5). The ﬁrst two ratios were interesting as the signiﬁcant association was seen in both directions with similar effect sizes
between the two PCs, indicating a robust association between refractory pain and increased saturated PC in comparison to unsaturated PC.
A higher ratio of saturated to unsaturated PCs or a lower ratio of
unsaturated to saturated PCs could be an indication of increased oxidation of PCs which leads to signiﬁcant tissue damage, oxidative stress,
and ferroptosis. An increased ratio of long chain acylcarnitine to SM
could be indicative of increased inﬂammation in cells. The third ratio
C14:2 to SM C20:2 was also signiﬁcantly associated with other
refractory knee pain patterns such as pain while in bed and pain when
sitting or lying down (ORs ¼ 1.61, 1.48, respectively; both p < 2x10-5).
Further, another long chain acylcarnitine to SM ratio, hexadecadienylcarnitine (C16:2) to SM C20:2, was signiﬁcantly associated
with patients who reported refractory pain while in bed at night (OR ¼
1.55; p ¼ 1.97x10-5). Both cohorts had similar effect sizes and directions of these signiﬁcant metabolite and ratios as in the meta-analysis.
The GWAS identiﬁed ﬁve SNPs (rs17614751, rs4986947, rs1802061,
rs45466496, rs17615213) located in the gene glutathione s-transferase
alpha 4 (GSTA4) were all signiﬁcantly associated with PC aa C28:1 to PC
aa C32:0 (all p ¼ 8x10-10). These SNPs were all in high LD and the GSTA4
gene plays a key role in detoxiﬁcation of lipid peroxidation products,
especially produced by oxidation of PCs.
Conclusions: Much attention is urgently needed for refractory knee
pain in OA patients as both conservative and surgical interventions
failed to relieve their knee pain, especially as TKR rates are steadily
increasing and revealing a large burden of patients experiencing
refractory knee pain. To the best of our knowledge, this is the ﬁrst study
on metabolomics of refractory knee pain in OA patients. Our data
presented a novel deﬁnition for refractory pain which shows greater
statistical power to detect signiﬁcant metabolomic associations with
refractory pain. Our results suggested that an increased oxidation of
PCs or inability to detoxify the lipid peroxides as well as increased
inﬂammation may play signiﬁcant roles in refractory knee pain.
Though further investigations are needed, our results provided
potential targets for developing new drugs for refractory knee pain and
biomarkers which could be modiﬁed pre-operatively to improve surgical response to TKR.

PRESENTATION NUMBER: 447
ELECTROACUPUNCTURE ALLEVIATES MIA-INDUCED PAIN VIA
SUPPRESSING P2X4 EXPRESSION IN A RAT MODEL OF KNEE
OSTEOARTHRITIS
Z. Wang 1, M. Yuan 1, X. Chen 2, W. Kang 1, H. Yu 1, X. Li 1, B. Dong 1,
P. Yuan 1. 1 Shaanxi Univ. of Chinese Med., Xianyang, China; 2 Renji Hosp.,
Shanghai Jiaotong Univ. Sch. of Med., Shanghai, China
Purpose: The aim of this study was to investigate whether Electroacupuncture (EA) may alleviate osteoarthritic pain induce by MIA via
suppressing P2X4 expression in rats.
Methods: SD rats (Male, 260-300g, 3-month old) were used to establish
OA model in this study. Monosodium iodoacetate (MIA) was injected
into the right knee joint to induce KOA model. Mechanical allodynia was
tested with by von Frey ﬁlaments. The expression of P2X4 in spinal cord
dorsal horn and inﬂammatory factor was quantiﬁed by using western
blotting, immunoﬂuorescence and ELISA.
Results: Electroacupuncture treatment signiﬁcantly decreased the
expression of P2X4 in spinal cord dorsal and the downstream protein
expression of IL-1b. Electroacupuncture signiﬁcantly increased
mechanical threshold in SD rats.
Conclusions: EA can effectively reduce osteoarthritis-related chronic
pain in SD rats, which may be related to its inhibition of P2X4.
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PRESENTATION NUMBER: 448
ACTIVATION OF NOTCH SIGNALING IN DORSAL ROOT GANGLIA
INNERVATING KNEE JOINTS IN EXPERIMENTAL OSTEOARTHRITIS
L. Wang, R.E. Miller, A.-M. Malfait. Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Surgical destabilization of the medial meniscus (DMM) is a
widely used mouse model of knee osteoarthritis (OA). The cell bodies of
primary sensory neurons innervating the knee joints are located in the
lumbar dorsal root ganglia (L3-L5 DRG). Analysis of the gene expression
proﬁle of L3-L5 DRG after DMM or sham surgery revealed that innate
neuro-immune pathways were strongly regulated, especially in the
later stages of the model, 8-16 weeks after DMM, when persistent pain
is associated with severe joint damage. In depth analysis of the
microarray data further showed that a number of genes encoding
molecules in the Notch signaling pathway were regulated, mostly in
late-stage disease, along with the upregulation of the gene encoding
monocyte chemoattractant protein (MCP)-1/C-C motif chemokine
ligand 2 (CCL2). CCL2 is a proalgesic mediator that is released upon tolllike receptor (TLR) 2/4 activation, and plays a key role in initiating and
maintaining pain in this model. The aim of this study was to investigate
Notch signaling in the knee-innervating DRG of mice with experimental
knee OA, and determine the effect of Notch signaling activation on
TLR2/4-mediated CCL2 synthesis in cultured DRG cells.
Methods: DMM or sham surgery was performed in the right knee of 10week old male C57BL/6 mice. Ipsilateral L4 DRG from mice 26 weeks
after DMM or sham surgery were collected and cryosectioned.
Expression of the Notch downstream target gene, Hes1, was detected
using RNA in situ hybridization (ISH) (RNAscope, Advanced Cell Diagnostics). Quantiﬁcation of mRNA expression was performed as calculating H-score of each sample according to the 0-4 ﬁve-bin scoring
system recommended by the manufacturer, based on the number of
cells with the same range of number of dots per cell. Active Notch
protein was detected via immunoﬂuorescence (IF) staining using an
antibody against Notch intracellular domain (NICD), which is only
present after g-secretase cleavage of Notch at S3. For in vitro cultures of
DRG cells, bilateral L3-L5 DRG were collected from 10-week old male
naïve C57BL/6 mice. Following enzymatic digestion, DRG cells were
plated on poly-L-lysine and laminin coated glass coverslips, and cultured in F12 medium supplemented with 1x N2 and 0.5% fetal bovine
serum. Inhibition of Notch signaling was achieved by (1) g-secretase
inhibitor, DAPT; (2) ADAM-17 inhibitor, TAPI-1; or (3) soluble form of
the Jag1 peptide (sJag1). On day 4, cells were pre-treated with DAPT (25
mM), TAPI-1 (20 mM), or sJag1 (40 mM) for 1 hour, followed by addition of
the TLR2 agonist, Pam3CSK4 (1 mg/ml), or the TLR4 agonist, LPS (1 mg/
ml). Then, RNA was collected 3 hours later for qRT-PCR to quantify Ccl2
mRNA expression, or culture supernatants were collected 24 hours later
to measure the CCL2 protein level using Quantikine Mouse CCL2/JE/
MCP-1 Immunoassay kit from R&D Systems, Inc.
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Results: RNAscope revealed that Hes1 mRNA was expressed in DRG
neurons, and expression was increased in DRG from mice 26 weeks
after DMM surgery compared with those from sham mice, with an Hscore of 215.6±12.6 and 191.8±6.3, respectively (n¼3 mice in each
group, p¼0.043) (Fig. 1A). IF staining showed increased NICD (activated
Notch) staining in the neuronal cell bodies of ipsilateral L4 DRG from
DMM mice, compared to the DRG from sham mice (n¼3 mice in each
group) (Fig. 1B). To test if activation of Notch signaling is involved in
TLR-mediated CCL2 production, we cultured DRG cells from naïve mice
and conﬁrmed that stimulation with either Pam3CSK4 or LPS increased
Ccl2 mRNA. This Ccl2 increase was signiﬁcantly attenuated by inhibition
of Notch signaling with DAPT, TAPI-1, or sJag1. Pretreatment with DAPT
decreased Pam3CSK4-induction of Ccl2 by 37.0% (p¼0.042) and LPSinduction of Ccl2 by 25.8% (p¼0.049) (n¼5 in each group) (Fig. 2A).
ELISA analysis of the culture supernatants also showed that increased
CCL2 protein induced by LPS stimulation was attenuated by pre-treating
the cells with either DAPT or TAPI-1, with reduction rates of 28.4%
(p¼0.011) and 41.6% (p¼0.001), respectively (n¼6 in each group, normalized to total protein amount in the supernatants) (Fig. 2B). Speciﬁc
inhibition of Notch ligand-receptor interaction by sJag1 also decreased
Pam3CSK4-induced increases of CCL2 protein by 27.6% (p¼0.042, n¼3
in each group).
Conclusions: Aberrant Notch signaling has been shown to contribute to
the cartilage and bone damage in OA joints. Notch signaling also plays a
fundamental role in neurogenesis and neuroplasticity. Structural
changes in joint innervation, such as sprouting and/or local loss of nerve
ﬁbers, have been reported in OA joints and may be related to joint pain.
Our results conﬁrm that Notch signaling is activated in knee-innervating DRG after DMM surgery, an OA model in mice, and suggest that
Notch signaling may interact with TLR signaling in promoting synthesis
of the pro-algesic chemokine CCL2. The fact that Notch signaling is
activated in OA joints as well as in innervating DRG implies that Notch
signaling may contribute to the pathological development of OA pain.
Further examination is warranted to determine the role of Notch signaling in OA-related pain.

PRESENTATION NUMBER: 449
TARGETED ACTIVATION OR ABLATION OF NAV1.8-EXPRESSING
NEURONS IN LUMBAR DORSAL ROOT GANGLIA OF MICE
MODULATES KNEE HYPERALGESIA
L. Wang, J. Li, S. Ishihara, A. Obeidat, R.E. Miller, A.-M. Malfait. Rush
Univ. Med. Ctr., Chicago, IL, USA
Purpose: The knee joint is highly innervated by sympathetic neurons
and sensory afferents, most of which are nociceptors (high threshold
pain-sensing neurons). NaV1.8 is a voltage-gated sodium channel
mainly expressed in nociceptive neurons, the cell bodies of which are
located in dorsal root ganglia (DRG). To study the mechanisms of
osteoarthritis (OA)-associated pain, we have used NaV1.8-tdTomato
reporter mice to document the sensory innervation of murine knee
joints. We also reported that systemic chemogenetic inhibition of
NaV1.8-expressing neurons decreases knee hyperalgesia in the early
stages of experimental OA induced by destabilization of the medial
meniscus. The purpose of this study was to (1) evaluate the effects of
chemogenetic excitation of NaV1.8-expressing cells on knee hyperalgesia, and (2) determine if NaV1.8-expressing knee-innervating neurons can be selectively ablated by intra-articular (i.a.) injection of
adeno-associated virus (AAV) carrying diphtheria toxin A (dtA).
Methods: Designer receptors exclusively activated by a designer drug
(DREADD) technology allows neuron activation upon binding the synthetic ligand clozapine noxide (CNO). NaV1.8Cre-excitatory (exc)
DREADD mice were generated by crossing DREADD hM3D(Gq) mice
with NaV1.8Cre mice to express the excitatory DREADD receptor in
nociceptors. At age 17-23 weeks, male NaV1.8Cre-Exc-DREADD mice
were given CNO via intraperitoneal (i.p.) injection at doses of 0.1, 1, or 10
mg/kg. Age-matched wild type mice were used as controls. Hyperalgesia was assessed on the right knees at different time points before
and after CNO injection (0-24 h) using a Pressure Application Measurement (PAM) device by an experimenter blinded to the groups. pAAVEF1a-mCherry-ﬂex-dtA (AAV-dtA) were packaged into AAV2retro or
AAV.PHPS serotypes by Canadian Neurophotonics Platform Viral Vector
Core Facility. pAAV-EF1a-ﬂex-GFP was used as a control (AAV-control).
AAVs were administered i.a. in 3 ml at a dose of 1013 or 1012 viral particles (vp)/mL into the right knees of 7-week old male NaV1.8CreGCaMP6 mice. Three weeks later, these mice were perfused with 4%
paraformaldehyde, and their ipsilateral L4 DRG were cryosectioned.
AAV transduction efﬁciency was assessed by calculating the percentages of GFP positive neurons. Another set of male NaV1.8Cre mice were
injected i.a. with 1012 vp/mL of AAV.PHP.S-dtA at age 7 weeks. Three
weeks later, the Toll-like receptor 2 (TLR2) ligand, Pam3CSK4 (3 mg), was
injected into the same knees to detect the effect of AAV-dtA on
Pam3CSK4-induced knee hyperalgesia.
Results: In the excitatory DREADD study, i.p. injection of CNO at 10 mg/
kg in naive NaV1.8Cre-Exc-DREADD mice signiﬁcantly decreased the
knee withdrawal threshold, 1 and 2 h after injection, compared to preinjection (n¼3, p<0.001 and p<0.05, respectively) (Fig. 1). A lower dose
of CNO (1 mg/kg) also induced a decreased pain threshold at 2 h after
injection compared to pre-injection (n¼3, p<0.01). No hyperalgesia was
induced by 0.1 mg/kg of CNO in NaV1.8Cre-Exc-DREADD mice. In naive
wild type mice, CNO injection induced no hyperalgesia at all given
doses (n¼2 at each time point). These results indicate that short-term
activation of NaV1.8-nociceptors elicited acute knee hyperalgesia. In L4
DRG of NaV1.8Cre-GCaMP6 mice, GFP positive neurons representing
NaV1.8 positive neurons were counted to evaluate AAV transduction
efﬁciency. Percentages of NaV1.8 neurons were reduced by 23.8% and
26.3% after i.a. injection of 1013 vp/mL of AAV2retro-dtA and AAV.PHP.SdtA, respectively (n¼3, p<0.05 vs controls) (Fig. 2A). Injection with 1012
vp/mL of AAV.PHP.S-dtA also resulted in a 38.5% reduction of NaV1.8
cells (n¼3, p<0.05 vs control). NaV1.8Cre mice injected with AAV-control 3 weeks earlier responded to TLR2 stimulation, showing decreased
knee pain thresholds 4 h and 6 h after i.a. injection of Pam3CSK4 (n¼3,
p<0.05 vs pre-injection). In contrast, mice injected with AAV-dtA had
no response to Pam3CSK4 (n¼3, NS vs pre-injection) (Fig. 2B), indicating successful ablation of the knee-innervating nociceptors with
AAV-dtA injection into the knee joint.
Conclusions: These results show successful selective ablation of
NaV1.8-expressing DRG neurons through retrograde intra-articular
delivery of AAV carrying dtA. Furthermore, the ﬁndings in these studies,
where NaV1.8-neurons are either excited or ablated, suggest that nociceptors mediate knee hyperalgesia. Future work will use different Cre
lines to target subsets of NaV1.8 nociceptors in order to further dissect
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their roles in mediating this behavior. Overall, this work demonstrates
that this approach provides a useful tool in studying joint pain in mouse
models.

PRESENTATION NUMBER: 450
ABNORMAL BRAIN INFORMATION SHARING IN OSTEOARTHRITIS:
ADAPTIVE OR MALADAPTIVE PLASTICITY?
J. Barroso 1, K. Wakaizumi 2, A. Reis 3, V. Galhardo 4, T.J. Schnitzer 1,
A. Apkarian 1. 1 Northwestern Univ., Chicago, IL, USA; 2 Keio Univ., Tokyo,
Japan; 3 Unilabs Boavista, Porto, Portugal; 4 Univ.e do Porto, Porto,
Portugal
Purpose: Mechanisms of osteoarthritis (OA) pain remain a challenging
subject. It is not clear to what extent pain is an echo of afferent nociceptive signaling from the degenerated joint, if it is reliant on psychological and emotional dimensions and/or if it represents central
adaptive or maladaptive processes. Here, we purpose to study the
brains’ functional connectivity (how different brain areas physiologically communicate with each other), in a large sample of knee and hip
OA patients (KOA; HOA) in relation to healthy controls, combining
clinical endpoints, to better unravel the interplay brain-joint.
Methods: Cross-sectional cohort study, including 91 KOA and 23 HOA
patients (pre-total joint replacement patients), and 36 HC subjects.
Participants completed a brain MRI scan (structural and resting-state
functional MRI), together with multiple questionnaires assessing pain,
psychological domains and physical function. Clinical and demographic
characteristics where compared between groups (ANOVA; t-tests; chisquare (X2) tests); whole brain connectivity was modeled as a network,
comprising sets of nodes (brain regions) and edges (connections, here
equivalent to interregional pathways). We calculated the degree (D) for
each region: this captures the number of connections that a region has
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to other regions in the network; high degree nodes can be considered as
centers for information integration. We then contrasted degree properties between groups, identifying topmost disrupted cortical nodes in
OA. Lastly, we studied the brain regional degree properties together
with clinical pain, by applying a machine learning model to predict pain
based on brain properties (linear regression with elastic net regularization). We used a robust validation strategy for all the analysis, by
subdividing the KOA data into discovery (n¼46) and testing(n¼45)
groups and tested the generalizability of our ﬁndings in HOA.
Results: No signiﬁcant differences for gender, BMI or smoking habits
were seen between the KOA and HC groups, however, the HC group had
a signiﬁcantly lower mean age (p<0.001). The two KOA groups were
balanced regarding demographic and clinical outcomes. HOA patients
presented shorter pain duration (p¼0.021), worse radiographic severity(p<0.001) a lower neuropathic pain score (p¼0.025), and younger
age (p¼0.007). All subsequent analysis was controlled for age and
gender.Brain regions differences in degree (information sharing),
between KOA and HC revealed a subset of nodes (statistical signiﬁcance
of
the
difference
evaluated
with
permutational
testing,
n¼100.000)(Figure 1): The insular cortex has a lower number of connections in OA and there is an abnormally increased connectivity in the
precentral gyrus and postcentral gyrus (both nodes assigned to the
sensorimotor network) and parahippocampal gyrus in OA. These results
were validated in the holdout samples.Pain intensity (NRS), could be
predicted by a combination of 12 distributed brain regions degree
properties (Figure 2; predicted/real NRS Pearson’s R¼0.83). This result
was validated in the KOA hold out sample (predicted/real NRS Pearson’s
R¼0.57) and replicated in HOA (predicted/real NRS Pearson’s R¼0.93).
Conclusions: We show that there is a shift in brains’ information
sharing in osteoarthritis pain patients. It is possible that observed
response is maladaptive, where insula connectivity decreases leads to
rerouting of information and increase of new connections to S1/M1.
Alternatively, the decreased connectivity of the insula together with
increased connectivity of S1/M1 and parahippocampus can reﬂect a
coping process, diminishing the inﬂuence of the pain in the cortex, and
increasing attention to sensorimotor control. We also show that distributed changes in network information-sharing map pain intensity. If
the OA pain is presumed to be dominantly reﬂecting nociceptive signals
from the injured joint, then one would expect to observe a more circumscribed set of nodes reﬂecting related pain perception, according to
prevailing concepts in the ﬁeld. Nociceptive signals should primarily be
observed in Insula/M1/S1 connectivity, which was not seen here. Our
results instead suggest that distributed circuits throughout the brain
contribute to OA pain, and corroborate previous research showing OA
pain may be better associated with brain regions involved in emotional
and cognitive processing. The causality of this relationship remains
unclear and at this point, we do not know the speciﬁc mechanisms or
direction of inﬂuence regarding the observed shifts in brain connectivity. Longitudinal studies in these populations are needed to better
disentangle physiological inﬂuences in the brain-joint axis. However,
we show abnormal information exchange in both knee and hip OA and a
separate distributed network related to OA pain.
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joints are responsible for artemin release; whether artemin is involved
in the induction and/or maintenance of OA-pain; and whether artemin
acts through only GFRa3, or other receptors (such as NCAM) are
involved. Also, the degree to which artemin may drive the ultimate
experience of OA pain needs to be fully elucidated. Although we have
found that artemin’s cognate receptor, GFRa3, was upregulated in MIA
induced OA-pain, paralleling what we found in the naturally occurring
OA model in the dog, work needs to be done to determine the contribution of GFRa3 upregulation and/or activation in OA pain, and further, the downstream targets and signaling mechanisms need to be
unraveled.
PRESENTATION NUMBER: 452
METABOLOMIC SIGNATURE OF AMINO ACIDS AND POLYAMINES IN
THE SERUM OF OSTEOARTHRITIS PATIENTS
€rtson, J. Kals, K. Paapstel, M. Zilmer. Univ. of
K. Tootsi, K. Vilba, A. Ma
Tartu, Tartu, Estonia
PRESENTATION NUMBER: 451
ARTEMIN AND ITS COGNATE RECEPTOR, GFRΑ3, PLAY A FUNCTION
ROLE IN OSTEOARTHRITIS PAIN
D. Lascelles 1, L. Minnema 2, A. Gupta 2, S. Mishra 2. 1 NC State
Translational Res. in Pain, Raleigh, NC, USA; 2 NC State, Raleigh, NC, USA
Purpose: Osteoarthritis associated pain (OA-pain) is a signiﬁcant global
problem. OA-pain limits limb use and mobility, and is associated with
widespread sensitivity. Therapeutic options are limited, and the ones
that are available are often associated with side or adverse effects. The
lack of therapeutic options is partly due to a lack of understanding of
clinically relevant underlying neural mechanisms of OA-pain. In previous work in naturally occurring OA-pain in dogs, we identiﬁed
potential signaling molecules (artemin/GFRa3) that were upregulated.
Artemin/GFRa3 signaling is known to play a role in various pain states
(mainly models of pain), including a recently reported inﬂammatory
bone pain model. Artemin/GFRa3 is thought to potentiate pain via the
upregulation and/or sensitization of various transient receptor potential
(TRP) receptors. To date, no work has been performed to evaluate the
role of artemin/GFRa3 in OA-pain. The purpose of this study was to
explore the functional role of artemin/GFRa3 signaling in OA-pain.
Methods: To examine the functional role of artemin/GFRa3 signaling in
OA-pain, we used a mouse model of stiﬂe (knee) OA based on the intraarticular injection of mono-iodoacetate (MIA). Following induction of
OA using MIA, we assessed sensitivity to heat, mechanical and cold pain,
and evaluated limb use, weekly to 28 days or longer. At the same
timepoints, heat, mechanical, and cold sensitivity was assessed in
TRPV1 KO mice with MIA arthritis to deﬁne the role of TRPV1 in MIAinduced sensitivity. Using artemin injections into the footpad, we
evaluated the acute changes in heat, mechanical, and cold sensitivity. In
male and female mice with MIA-induced OA, we assessed the antihypersensitivity effects of an anti-artemin antibody at day 28, and
assessed the effects of an anti-artemin antibody on limb use measured
while walking and standing (Catwalk assay, and pronograde incapacitance meter) at day 40.
Results: We found the mono-iodoacetate (MIA)-induced OA model in
mice is associated with signiﬁcantly decreased limb use (both kinetic
and static measures) and hypersensitivity to heat, mechanical, and cold.
Mechanical and cold sensitivity in TRPV1 KO mice with MIA-induced OA
were not signiﬁcantly different from wild type mice with MIA-induced
OA; there was some mitigation of heat hypersensitivity in the TRPV1 KO
animals. Using immunohistochemistry, we found that GFRa3 expression in sensory neurons of the dorsal root ganglions serving the stiﬂe
joints was increased from ~20% of neurons to ~40% in mice with MIA OA.
In naïve mice, exogenous artemin induced heat, cold and mechanical
hypersensitivity for between 2 and 6 hours following injection. An antiartemin monoclonal antibody administered intraperitoneal on day 28
following MIA-induction of OA reversed mechanical and cold hypersensitivity for between 2 and 4 hours following injection, and between
2 and 6 hours for heat hypersensitivity. Approximately 40 days following MIA-induction of OA, an anti-artemin antibody restored limb
use to normal (both kinetic and static) in mice with MIA-induced OA
pain for ~48 hours.
Conclusions: Overall, we present the ﬁrst evidence of a potential
functional role of artemin/GFRa3 in chronic OA-pain. However, there is
much to understand about the potential role of artemin, including the
mechanisms leading to artemin release and which cells types in the

Purpose: Metabolomic analysis holds great potential for improving the
understanding about osteoarthritis (OA) caused metabolomic shifts
associated with systemic inﬂammation and oxidative stress (OxS).
Amino acids and polyamines are closely involved in maintaining the
balance between reactive oxygen species (ROS) and antioxidant system.
The main aim of the study was to map the systemic changes of amino
acids and polyamines in the severe OA compared with asymptomatic
matched controls and identify systemic serum biomarkers that have the
potential to be used in clinical practise.
Methods: Knee and hip OA patients who met the American College of
Rheumatology criteria for knee and hip OA were included in the study.
The study participants were recruited prospectively. The control group
was matched to age and gender and recreuited from the family medicine practices. The exclusion criteria were posttraumatic OA, infectious
arthropathy, endocrine arthropathy, malignancy, acute inﬂammatory
disease, insufﬁciency of kidneys (eGFR < 60ml/min/1.73m2), clinically
signiﬁcant heart failure, diabetes. The fasting serum of 70 knee and hip
OA patients and 82 controls were assessed via targeted approach using
the AbsoluteIDQ™ p180 kit. The blood samples were collected in the
morning after an overnight fast and abstinence from tobacco and
alcohol. The samples were held in at -70  C until assessment. Standard
preoperative radiographs were used for the grading of OA severity
according to Kellgren and Lawrence by two independent raters. A
consensus score was used for the analysis.The level of metabolites
(amino acids and polyamines) has been expressed as mM ± standard
deviation.
Results: The two study groups had similar age and gender proportions,
but OA group had signiﬁcantly higher BMI. Inﬂammatory markers
(white blood cell count and high sensitivity C-reactive protein) were
higher in the OA group.

Age (years)
Male/Female
(n)
BMI (kg/m2)
hs-CRP (mg/l)
WBC (109/l)

Osteoarthritis
(n¼70)

Controls
(n¼82)

pvalue

62 ± 7
36 / 34

61 ± 8
38 / 44

0.173
0.871

27.8 ± 3.2
1.9 ± 1.1
6.5 ± 1.4

26.0 ± 3.5
1.5 ± 1.2
5.7 ± 1.9

0.001
0.014
0.001

General description of study
groups

Osteoarthritis
andCartilage

There were several signiﬁcant differences in the amino acid and polyamine levels across the study groups. The present study demonstrates
signiﬁcantly higher levels of arginine (Arg), asparagine (Asn), leucine
(Leu), serine (Ser), asymmetric dimethylarginine (ADMA), phenylalanine (Phe), spermidine and lower levels of serotonin and spermine/
spermidin ratio in the OA group after adjusting for BMI.
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Osteoarthritis
(n¼70)
Arginine
Glycine
Leucine
ADMA
Spermidine
Spermine
Spermine-spermidine ratio
Serine

105.2
280.8
180.9
0.618
0.188
0.158
0.898
137.4

±
±
±
±
±
±
±
±

22.4
116.2
50.0
0.156
0.051
0.014
0.227
29.1

Controls
(n¼82)

pvalue

96.3 ± 23.5
289.8 ± 114.6
156.7 ± 39.5
0.559 ± 0.133
0.161 ± 0.046
0.159 ± 0.016
1.060 ± 0.279
121.8 ± 27.6

0.020
0.794
0.008
0.037
0.001
0.677
<0.001
0.001

Amino acid and polyamine
levels of the study groups

Osteoarthritis
andCartilage

Several changes in the serum levels of amino acids of the OA patients
compared with controls suggest systemic inﬂammation in severe OA
patients. We found increased levels of Arg and ADMA in OA group and
the severity of OA was correlated to Arg levels. Arg remained an independent determinant of OA severity in the multiple regression model
after including potential covariates. The increase of 1 grade in the
radiographic OA severity was equal to an average of 10.0 mM higher
level of serum Arg. ADMA and Arg play important role in nitric oxide
(NO) production. Arg is the precursor for NO and ADMA is the major
endogenous inhibitor of NO synthase (NOS). The combination of
increased Arg and ADMA levels in OA group suggest inhibited NOS
activity that leads to Arg accumulation. NO has been linked to inﬂammation in OA pathogenesis and also anabolic mechanisms so the speciﬁc details remain to be elucidated in further research.

OA severity
Gender
Age
BMI
Glucose

B

Std Error

Beta

p- value

9.12
5.77
-0.31
-0.24
-7.11

4.1
5.6
0.37
0.86
4.15

0.28
0.13
-0.10
-0.033
-0.21

0.031
0.310
0.392
0.782
0.092

Regression model with arginine
as the dependent variable in the
osteoarthritis patients group

Osteoarthritis
andCartilage

We found that OA patients had higher levels of Ser and severe OA was
associated with lower levels of serum Gly. The correlation was further
analyzed in a multiple regression model and remained independent
after including potential covariates. An increase of 1 grade in the
radiographic OA severity was equal to an average of 46.4 mM of lower
level of Gly in the OA group. The changes indicate Gly deﬁciency and Ser
accumulation in the severe OA that might be related to enzyme Ser

OA severity
Gender
Age
BMI
Glucose

B

Std Error

Beta

p- value

-43.2
-64.7
0.5
3.0
-25.3

20.6
28.1
1.8
4.3
20.7

-0.25
-0.28
0.03
0.08
-0.15

0.040
0.025
0.777
0.483
0.227

Regression model with glycine
as the dependent variable in the
osteoarthritis patients group

Osteoarthritis
andCartilage
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hydroxymethyltranferase impairment and lead to decreased collagen
synthesis in the affected joint. Ser hydroxymethyltranferase activity has
been also found to be altered in metabolic syndrome and obesity,
conditions that are closely related to OA.

The signiﬁcantly higher Leu levels in OA might reﬂect the increased
collagen breakdown due to cartilage degeneration and muscle atrophy.
Furthermore, lower spermin to spermidine ratio and increased spermidine in the OA group might indicate excessive OxS in OA. The spermine-spermidine system protects against OxS by scavenging free
radicals. The increased level of spermidine in OA patients might be
caused by lower activity of spermine synthase, an enzyme that converts
spermidine to spermine. The accumulation of spermidine might impair
the lysosome function, thus leading to increased OxS.
Conclusions: The present study demostrates signiﬁcant changes in the
amino acid and polyamine proﬁles of OA patients that highlight the role
of inﬂammation and excessive OxS in the pathogenesis of OA.
PRESENTATION NUMBER: 453
INHIBITION OF CD38 BY APIGENIN LIMITS INJURY-INDUCED
OSTEOARTHRITIS DEVELOPMENT AND ASSOCIATED PAIN IN MICE
P. Gil Alabarse 1, P. Oliveria 2, N. Nguyen 2, R. Liu-Bryan 1, 2. 1 VA San
Diego Healthcare System (VASDHS), San Diego, CA, USA; 2 UCSD, San
Diego, CA, USA
Purpose: Joint injury is a primary risk factor for development of
osteoarthritis (OA). Degeneration of articular cartilage is a core OA
disease feature. We have recently discovered that decline of NADþ, an
intermediary metabolite that serves as a cofactor for numerous
enzymes involved in cellular energy metabolism, is associated with
increased expression and activity of CD38, the main NADase, in human
knee chondrocyte and cartilage of OA and aged donors and in chondrocytes stimulated with IL-1b. Inhibition of CD38 by its selective
inhibitor apigenin in human OA chondrocytes diminished NADase
activity, raised NADþlevels, improved mitochondrial function, prevented excessive oxidative stress, and attenuated chondrocyte and
cartilage catabolic responses to IL-1b. In this study, we tested if apigenin
protects mice from OA development induced by joint injury.
Methods: Male C57BL/6 mice at 3-4 months of age were subjected to
surgery to destabilize medial meniscus (DMM) via meniscotibial ligament transection on right knees and skin incision on left knees (sham
controls). These mice were randomly divided into 2 groups (n¼9/group)
right after surgery. One group of mice received apigenin via gavage daily
(20 mg/kg/day), the other group of mice received the vehicle control. All
mice were sacriﬁced at 12 weeks after surgery. Knee joints were collected, ﬁxed, and followed by micro-computed tomography (mCT) scan
(Skyscan-1076) with spatial resolution of pixel size 9 mm. The scanned
images from each group were evaluated using CTAn software (Skyscan)
for subchondral bone changes at the same thresholds to allow 2dimensional (2-D) and 3-D structural rendering of each sample. After
that, the knee joints were decalciﬁed, embedded in coronal plane in
parafﬁn, and sectioned for histological staining with safranin-O and fast
green. The OARSI cartilage OA histopathology grading system was used
for histologic scoring of the entire articular surface of a mouse knee
joint. Medial and lateral compartments of both tibial and femoral cartilage were graded, and these scores summed for total joint score.
Immunohistochemistry (IHC) analysis was performed to examine
expression of CD38 and NADþ-dependent SIRT1 and SIRT3 in articular
cartilage. Subchondral bone changes including osteophyte formation
and bone mineral density (BMD) in the tibial region were evaluated
based on the mCT scan. Mouse pain behavior was assessed at 2, 4, 6, 8
and 10 weeks post-surgery by von Frey test for pain sensitivity and
static weight bearing test for spontaneous pain. Prism GraphPad 8.0
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was used for statistical analyses. Unpaired Student’s t test (for two
groups), non-parametric Kruskal-Wallis test or two-way ANOVA (for
multiple groups) followed by the Tukey-test were used. p<0.05 was
considered statistically signiﬁcant.
Results: Twelve weeks after DMM surgery, mice received the apigenin
treatment (Api-DMM) exhibited signiﬁcantly less cartilage damage
(Figure 1A) with a mean OARSI score 2.246, compared to mice received
the vehicle control (Ctrl-DMM) with a mean score 11.14, suggesting
chondroprotective effect of apigenin. IHC analysis demonstrated that
apigenin inhibited CD38 expression and prevented loss of SIRT1 and
SIRT3 expression in articular cartilage of Api-DMM mice (Figure 1B).
Prominent osteophyte formation was evident in the Control-DMM
mice. The Api-DMM mice also developed osteophytes, but to a less
extent (black arrows in 3-D images and white arrows in 2-D images in
Figure 1C). Notably, the Ctrl-DMM mice presented subchondral bone
sclerosis in the medial tibial region (yellow arrow in 2-D images in
Figure 1C). This was correlated with increased BMD in both cortical and
trabecular tibial subchondral bone areas (Figure 1D). However, statistical signiﬁcance in BMD changes was only seen in the cortical subchondral bone. In contrast, the Api-DMM mice did not show any cortical
and trabecular tibial subchondral bone BMD changes, indicating that
apigenin could prevent increase in subchondral bone mineralization
associated with OA. Von Frey test revealed mechanical hypersensitivity
in the Ctrl-DMM mice at 2 weeks after DMM surgery, evidenced by
markedly reduced paw withdrawal response thresholds that were
sustained in the entire study period (Figure 2A). In comparison, the ApiDMM mice showed partial mechanical hypersensitivity with a delayed
(ﬁrstly seen at 4 weeks) and slightly less severe reduction of paw
withdrawal response thresholds, which was considerably improved at
10 weeks after surgery (Figure 2A). Static weight bearing test showed
large weight-bearing deﬁcit of the ipsilateral hind paw, supported by
greatly reduced the ratio of weight distribution between ipsilateral
(injured) and contralateral (non-injured) sides in the Ctrl-DMM but not
Api-DMM mice (Figure 2B). These results suggest that apigenin could
partially relieve OA-associated pain.
Conclusions: Apigenin exerts its ability to not only limit cartilage
degradation most likely via inhibiting CD38 and preserving NADþdependent SIRT1 and SIRT3 in chondrocytes, but also reduce osteophyte
formation, subchondral sclerosis, and associated pain threshold in
injury-induced OA in mice. These signify that inhibition of CD38 could
be a novel therapeutic approach for OA.

PRESENTATION NUMBER: 454
ASSOCIATION BETWEEN MRI-DETECTED OSTEOPHYTE FORMATION
AND BONE MINERAL DENSITY IN ELDERLIES- A CROSS-SECTIONAL
ANALYSIS USING A POPULATION-BASED COHORT STUDY “THE
BUNKYO HEALTH STUDY”
L. Liu 1, 2, H. Kaneko 1, T. Aoki 2, Y. Negishi 1, M. Momoeda 1, A. Arepati 1, 2,
S. Wakana 1, J. Tomura 1, Y. Someya 2, Y. Tamura 2, 3, H. Watada 2, 3,
R. Kawamori 2, 3, M. Ishijima 1, 2. 1 Dept. of Med. for Orthopaedics and
Motor Organ, Juntendo Univ. Graduate Sch. of Medi, Tokyo, Japan;
2
Sportology Ctr., Juntendo Univ. Graduate Sch. of Med., Tokyo, Japan;
3
Dept. of Metabolism & Endocrinology, Juntendo Univ. Graduate Sch. of
Med., Tokyo, Japan
Purpose: Osteoarthritis (OA) is one of the most common joint disorders
in elderly and exhibits pathological changes in multiple joint structures,
including bone and cartilage. Osteoporosis (OP) is a common metabolic
disorder associated with aging and characterized by low bone mineral
density (BMD) and micro-architectural deterioration of the bone.
Although OA and OP are different diseases, they share some common
points for epidemiological proﬁles, such as female dominance and agedependent increase in prevalence and pathological factors, such as bone
metabolism. It has been considered that OA is a factor for the prevention
of OP. The cross-sectional correlation between OA and OP has been
studied for nearly ﬁve decades since ﬁrst mentioned by Foss and Byers
who reported the observation of an inverse relationship between OA
and OP. Almost all of the large-scale cross-sectional studies suggest that
radiographic knee OA was associated with higher BMD. However, evidence for an association between BMD and radiographic knee OA
progression has been less consistent. Higher BMD in the lumbar spine
due to spondylosis does not necessarily reduce the risk of spine fracture
in cases of OP coexisting with lumbar OA. These inconsistencies of the
association between OP and OA may be partly due to the evaluation of
OA using radiography, as radiography is insensitive to evaluate the
incidence and progression of OA. For instance, joint space narrowing
assessed by radiography only provides an indirect estimate of cartilage
loss and meniscus displacement and has measurement errors due to
several reasons, such as positioning. As recent study has shown that
osteophytes detected by MRI are clinically relevant to predict increases
in cartilage defects, BMLs, and knee pain, MRI-detected osteophytes
could be considered as a surrogate measure for OA development.
However, it is remained unclear whether there is any association
between osteophyte formation and BMD. The aim of this study was to
examine whether there was any association between BMD and osteophytes development using database of the largescale population-based
cohort study.
Methods: This cross-sectional study was conducted by analyzing data
of “The Bunkyo Health Study” which was started at 2015 in Juntendo
University (Tokyo, Japan). This study is planned to ﬁnd out association
between the metabolic and cognitive function disorders and motor
organ disorders, such as OP and OA, of the elderlies aged 65 years of age
or older. The participants of this study were collected using a residential
registration administrated by Bunkyo-ward ofﬁce, Tokyo, where our
university is located. 1,629 subjects (F/M: 942/687, 73.1 years of age on
average) who did not have knee pain, which is needed to consult
medical institution, and did not experience any traumatic episodes for
the knee joints were enrolled in this study. A written informed consent
was obtained from all participants of this study. Blood samples, MRI of
either side knee and radiograph of both knees were taken at the time of
study entry. Standing, extended and antero-posterior and lateral view
radiographs, and the posterior-anterior weight-bearing radiograph
made with the knee in 45 of ﬂexion (Rosenberg radiograph) were
taken within 1 week after the ﬁrst visit according to the method
reported previously. The joint space width (JSW) was determined at the
center point of the medial femoro-tibial compartment on a digitized
radiograph using a 0.1-mm graduated magnifying measure. The
osteophyte of knee joint was scored using the Whole-Organ Magnetic
Resonance Imaging Score (WORMS). At each region among three
regions (anterior, central, and posterior) of the medial and lateral
femoral condyles and tibial plateaus, and two regions (medial and lateral) of the patella. Osteophytes were scored from 0 to 7. The scores
were then summed within each knee compartment and summarized in
full. Bone mineral density (BMD) of the lumbar spine (LS) and femoral
neck (FN) were measured using DXA (Discovery DXA System, Hologic).
Quality assurance for longitudinal evaluation was performed by calibrating the machine with standardized phantoms. The coefﬁcient of
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variation for the in vivo LS-BMD measurements was <1%. The diagnosis
of osteoporosis was based on the criteria proposed by the Japanese
Society of Bone and Mineral Metabolism in 2012. Postmenopausal
women were diagnosed with osteoporosis if they met the following
criteria: 1 prevalent non-traumatic radiographic vertebral fractures
based on clinical radiological criteria; hip fracture; low BMD (70% of
the young adult mean value); and BMD 80% of the young adult mean
value and 1 prevalent non-traumatic fragility fractures that are not
vertebral or hip fractures. In order to make a normal distribution, a
logarithmic transformation was performed for the BMD values. The
characteristics of the participants between BMD and osteophytes for
continuous variables were analyzed of linear regression with adjustment for age and BMI. The mean BMD according to the subgroups with
different osteophyte grades were examined using general linear models
(GLM) with adjustment for multiple covariates. As the medial femorotibial joint (MFTJ) is mainly affected, we used the quantiﬁed osteophyte
scores in the MFTJ as representative osteophyte grades to perform the
analysis. Post hoc analyses were performed by GLM using grade 1 and 2
of osteophyte scores in the MFTJ as a reference subgroup. A p value
<0.05 was considered to be statistically signiﬁcant. All analyses were
performed using the SPSS ver.20 statistical software package (IBM
Corp., Armonk, NY, USA).
Results: As 488 subjects were excluded due to the loss of MRI of the
knee, valgus lower limb alignment, or lateral type of knee OA, a total of
1,141 among 1,629 subjects [72.9 (SD 5.4) years of age on average were
enrolled in the present study. 637 among 1,141 subjects (55.8%) were
women, while remaining 504 (44.2%) were men. 981 subjects (86.0%)
showed the radiographic knee OA with Kellgren-Lawrence (K/L) grade
2. The FTA and JSW of the subjects were 177.6 (SD 2.5) and 4.9 (SD 1.1)
mm on average, respectively. The osteophyte scores of total knee joint
and MFTJ were 7.1 (SD 6.3), 3.2 (SD 2.9) for males and 11.5 (SD 10.5), 5.4
(SD 4.9) for females, respectively. The mean LS- and FN-BMD were 1.07
(SD 0.20) and 0.74 (SD 0.11) g/cm2 for males and 0.83 (SD 0.16) and 0.59
(SD 0.09) g/cm2 for females, respectively. The prevalence of osteoporosis diagnosed by LS-BMD and FN-BMD were 2.0% and 6.5% for males
and 25.1% and 45.2% for females, respectively. The prevalence of low
bone mass diagnosed by LS-BMD and FN-BMD were 17.7% and 38.1% for
males and 65.0% and 87.1% for females, respectively. A linear regression
analysis indicated that the osteophyte scores were associated with the
natural logarithmic transformed LS-BMD (ln-LS-BMD) (b¼0.003,
p<0.05, adjusted for age and BMI) for males, while the osteophyte
scores were not associated with the natural logarithmic transformed
FN-BMD (ln-FN-BMD). In contrast, the osteophyte scores were associated with ln-FN-BMD (b¼0.001, p¼0.02, adjusted for age and BMI) but
not with ln-LS-BMD for females. When the subjects were divided into
four groups according to the osteophyte scores in the MFTJ, the adjusted
mean LS-BMDs were signiﬁcantly different between subgroups by MFTJ
groups for males (P for trend <0.05), but not for females. In contrast, the
adjusted mean FN-BMDs were signiﬁcantly different between subgroups by MFTJ groups for females (P for trend <0.05), but not for males.
Conclusions: Osteophyte in knee OA evaluated by MRI is associated
with LS-BMD in male and FN-BMD in female.
PRESENTATION NUMBER: 455
ABERRANT
ENERGY
METABOLISM
DYSFUNCTION IN OSTEOARTHRITIS

CAUSES
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key metabolites were obtained by liquid chromatography/mass spectrometry (LC/MS). Expression proﬁles of genes regulating energy
metabolism of OA cartilage of human and OA rat models were determined using RNA-Seq analysis. We further used extracellular ﬂux
assays, which allow for direct evaluation of cellular bioenergetic proﬁles
ex vivo by measuring oxygen consumption rate (OCR, measure of oxidative phosphorylation) and extracellular acidiﬁcation rate (ECAR,
measure of aerobic glycolysis), to test the bio-energetic proﬁle of OA
chondrocytes.
Results: Firstly, U-13C-labeling identiﬁed signiﬁcant metabolic differences between OA chondrocytes vs. non-OA chondrocytes. In particular,
OA chondrocytes displayed remarkably diverse rate of glucose utilization. Higher levels of glucose 6-phosphate (G6P), fructose 1,6-disphosphate (F16DP), glyceraldehyde 3-phosphate (GA3P) and lactate
(LAC) were detected in OA chondrocytes. Furthermore, there was also a
marked increase in 13C labelled enrichment of oxaloacetic acid (OAA) in
TCA cycle of OA chondrocytes, while decrease in the rest substrates such
as alpha-Ketoglutarate (aKG) and succinate (SUC). Together, these
results demonstrated altered metabolism in OA chondrocytes (Figure 1). Secondly, analysis of the metabolic pathway differentially
expressed genes revealed that genes involved in central carbon
metabolism were altered in OA chondrocytes compared to non-OA cells.
Thirdly, mitochondria and glycolysis stress tests utilizing seahorse
technology revealed that basal glycolysis was increased in OA chondrocytes (Non-OA: 46.72±11.03; OA: 81.45±24.91 mpH/min, p<0.05)
while basal mitochondrial oxidative phosphorylation was decreased
(Non-OA: 24.26±10.35; OA: 6.94±3.06 pmol/min, p<0.05). Stress tests
also showed that maximum glycolysis capacity was higher in OA
chondrocytes (Non-OA: 47.86±15.01; OA: 91.67±36.31 mpH/min,
p<0.05) while maximum oxidative phosphorylation capacity increased
in non-OA chondrocytes (Non-OA: 121.22±54.70; OA: 40.25±9.83 pmol/
min, p<0.01). These results demonstrated that OA chondrocytes switch
to conditions of higher glycolysis and lower mitochondrial oxidative
during OA progression.
Conclusions: Altogether, this study, which is the ﬁrst comprehensive
comparative analysis of metabolism in chondrocytes, provides a foundation for targeting metabolism for therapeutic beneﬁt in OA.

CHONDROCYTE

I. Prasadam, Sr., X. Wu, Jr.. Inst. of Hlth.and BioMed. Innovation,
Queensland Univ. of Technology, Brisbane, Australia
Purpose: Metabolic pathways are a series of chemical reactions by
which cells break-down nutrients to acquire the energy and processes
building blocks that they need to maintain critical cellular processes.
The details of chondrocyte metabolism and how it rewires in osteoarthritis (OA) disease progression is not well characterised. Central
carbon metabolism (CCM) is an interconnected metabolic system that
transforms carbon through glycolysis, gluconeogenesis, the pentose
phosphate pathway, and the tricarboxylic acid (TCA) cycle pathway into
energy that is essential for the physiology of chondrocytes. The aim of
this research is to identify how changes in the energy metabolic state, in
particular the central carbon metabolism, contributes to OA.
Methods: OA and non-OA cartilage specimens were harvested from
patients who required total knee arthroplasty (n¼8 patient samples). In
order to investigate the metabolism differences an integrated isotype
assisted U-13C metabolic ﬂux labelling approach was utilized on chondrocytes growing in limited glucose conditions. Isotopologue proﬁles of

Figure 1 Comparative 13C-labeling in non-OA and OA chondrocytes.

Chondrocytes were labelled for 24h with 13C glucose and fractions
of metabolites that were derived from each substrate were calculated.
PRESENTATION NUMBER: 456
FAT MASS IS CORRELATED WITH PLOD2 GENE EXPRESSION IN THE
INFRAPATELLAR FAT PAD IN END STAGE KNEE OSTEOARTHRITIS
J. Van den Langenbergh 1, G. Van Osch 2, J. Runhaar 2,
S. Bierma-Zeinstra 2, Y.M. Bastiaansen Jenniskens 2, K. Soballe 3,
J. Laursen 3, A. Liljensoe 3, N. Kops 2, I. Mechlenburg 3, S. Clockaerts 1.
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KU Leuven, Leuven, Belgium; 2 Erasmus MC, Rotterdam, Netherlands;
Aarhus Univ. Hosp., Aarhus, Denmark

Purpose: Osteoarthritis (OA) is the most common joint disease with a
great impact on the quality of life. Obesity and the related metabolic
disease are main risk factors, in which low-grade systemic inﬂammation is an important regulator. In this regard, the infrapatellar fat pad
(IPFP) also came forward as a local OA joint tissue, contributing to and
inﬂuenced by inﬂammatory responses in the OA knee.
Our study aims to investigate the association between obesity and local
inﬂammatory, ﬁbrotic responses in the IPFP of obese end-stage knee OA
patients.
Methods: After ethical approval by the Central Denmark Region Committees on Health Research Ethics, human IPFPs were obtained as waste
material during total knee replacement in 48 patients with increased
body mass index (BMI) (mean 35.44kg/m2). The fat pads were frozen at
-80 C maximum 1 hour after being removed. We performed gene
expression analyses for the following primers: PLOD2 (involved in the
regulation of hydroxyallysine collagen crosslinks), aSMA (corresponding with the myoﬁbroblast phenotype), COL1 (encoding for alfa-1 type
collagen), and IL6, TNFa, Il1b as markers of inﬂammation. Blood samples
(non-fasting) were collected to assess glucose, lipid status (total cholesterol, HDL cholesterol, LDL cholesterol, and triglyceride). In addition,
serum leptin concentration was measured as a biomarker of adiposity.
Total body composition (fat mass, lean mass, and bone mass) was
measured using dual-energy X-ray absorptiometry.
Results: Univariate analysis of BMI and gene expression in IPFP explants
resulted in a positive correlation between BMI and PLOD2 expression
with 13.15% of the variance explained by this variable (r2¼0.1315). No
correlation was found for BMI and other determinants of ﬁbrosis such as
aSMA (a-smooth muscle actin) or COL1 (type I collagen a1 chain gene),
nor inﬂammatory markers such as TNFa, IL1ß or IL6. To explore the
correlation between BMI and PLOD2, metabolic factors associated with
BMI were also analyzed for correlation with PLOD2. In the univariate
analysis, signiﬁcant correlations with PLOD2 expression were found for
lean and fat mass (r2¼0,1988), serum cholesterol (r2 ¼0,1669), serum
triglycerides (r2 ¼0.1861), and serum leptin (r2 ¼0.1040). A collinearity
plot was performed to investigate the correlation between all different
independent variables and PLOD2 before performing a multivariate
analysis. We withheld age, sex, glucose, fat mass, total cholesterol as
independent variables. The multivariate analysis with PLOD2 indicated
a strong correlation between fat mass and PLOD2 with a P-value of
0.0025. No other signiﬁcant correlations were withheld within this
multivariate analysis.
Conclusions: Taken together, our study is the ﬁrst to demonstrate the
positive association between fat-mass and PLOD2 expression in the IPFP
of end stage knee OA patients. This may indicate that the ﬁbrotic
process in the IPFP in obese end-stage knee OA patients is inﬂuenced by
systemic adipose tissue , next to local inﬂammatory processes in the
knee joint, that may alter this proces.Further research is necessary to
conﬁrm these ﬁndings and its role in the knee OA disease process.
PRESENTATION NUMBER: 457
INVESTIGATING OUTCOME INEQUALITIES IN OSTEOARTHRITIS
MANAGEMENT PROGRAMMES: AN ANALYSIS OF REGISTRY DATA
FROM THE GOOD LIFE WITH OSTEOARTHRITIS IN DENMARK
(GLA:D®) PROGRAMME USING TAPERED BALANCING
G. Peat 1, D. Yu 1, D.T. Grønne 2, M. Marshall 1, S.T. Skou 2, 3, E.M. Roos 2.
1
Keele Univ., Keele, United Kingdom; 2 Univ. of Southern Denmark,
Odense, Denmark; 3 Næstved-Slagelse-Ringsted Hosp., Naestved, Denmark
Purpose: The burden of osteoarthritis (OA) is often greater among
disadvantaged people and communities, prompting calls for more
attention to equity-focussed research and policy. A speciﬁc concern is
whether healthcare interventions may inadvertently widen health
inequalities. OA management programmes (OAMP) have emerged in
the past decade in a major international effort to improve provision of
core non-surgical care for people with OA. Recent studies have focussed
on equity of access. We address a complementary issue: having gained
access, do people from socially disadvantaged groups have poorer
outcomes than their advantaged counterparts, and if so, what might
determine this?
Methods: The study population was consecutive adults with knee OA
attending the 8-week GLA:D® supervised exercise and education programme in Denmark between Oct 2014-Feb 2018. We deﬁned a

‘multiple social disadvantage’ group based on primary/secondary
school education and being either born outside Denmark or not having
Danish citizenship. Their outcomes were compared with those of native
Danish citizens with higher education. Outcomes of interest were pain
intensity (0-100 VAS), KOOS Quality of Life subscale (QOL 0-100), EQ5D-5L health utility (-0.624-1.0) at 3 and 12 months. Missing data were
imputed using multiple imputation with chained equations. We used
Coarsened Exact Matching (CEM) to restrict group comparisons to areas
of common support, i.e. sufﬁcient overlap on key prognostic factors
(age, sex, body mass index, baseline value of the outcome measure of
interest). We then used Entropy Balancing to sequentially control for
differences between disadvantaged and advantaged groups in: (1)
baseline value of the outcomes of interest (2) type of treatment centre,
enrollment year (3) age, sex (4) BMI, previous knee injury, previous
knee surgery (5) no. of selected comorbidities, no. of other non-knee
pain sites (6) self-efﬁcacy score, self-reported presence of depression
(7) previous/current tailored exercise advice, weight loss counselling,
analgesia/natural remedies (8) attendance at GLA:D® education and
exercise sessions. Mean differences in outcomes between disadvantaged and advantaged groups were then estimated by weighted
linear regression without balancing and then with entropy balancing
weights from steps 1-8.
Results: Of 18,448 eligible participants, 250 (1.4%) were classed as
disadvantaged. Compared with advantaged participants, they were
younger, less likely to have attended GLA:D® in a private physiotherapy
clinic, reported more comorbidity, pain sites, depression, lower selfefﬁcacy, and lower attendance on GLA:D® sessions. Both groups
showed overall improvements over baseline in mean pain VAS, KOOS
QOL and EQ5D scores at 3 months, typically maintained at 12 months.
Before covariate balancing, disadvantaged participants had substantially worse scores than advantaged participants on each measure
at both follow-up points (e.g. crude between-group mean differences
(95%CI) in pain VAS at 12 months: 8.6 (4.5, 12.6) respectively: Table 1).
Balancing for differences on baseline score, comorbidity, self-efﬁcacy,
and depression had the greatest effect on reducing differences in
outcomes.
Conclusions: Both disadvantaged and advantaged adults with knee OA
reported improvements in key outcomes up to 12 months after OAMP
attendance. However, compared with more advantaged adults, disadvantaged adults typically began the OAMP with more severe pain and
poorer quality of life. This gap in outcomes was not reduced following
OAMP attendance: for generic health-related quality of life in particular
the gap widened slightly. Low self-efﬁcacy, depression and other
comorbidities may be potential determinants. Our analysis is of
observed outcomes in a relatively small group with multiple disadvantage attending one OAMP. We encourage further work in other
settings and groups. If conﬁrmed, our ﬁndings suggest that while
improving access to OAMPs for socially disadvantaged people with OA is
important, additional actions may be needed to reduce outcome
inequalities.
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PRESENTATION NUMBER: 458
USING
NEIGHBOURHOOD
ENVIRONMENTS
TO
OSTEOARTHRITIS MANAGEMENT - A SCOPING REVIEW

SUPPORT

J.L. Bowden, D.J. Hunter, Y. Feng. The Univ. of Sydney, St Leonards,
Australia
Purpose: The health of our communities is shaped by changing inﬂuences arising from personal, economic, social, and built environments.
The association between health and built environments has long been
recognised, yet the potential for using the neighbourhood to support and
encourage better management of conditions such as osteoarthritis (OA)
is rarely examined. Recommended ﬁrst-line treatments for OA focus on
structured exercise, physical activity, and weight management, along
with support for self-management. Yet, the uptake of these key interventions is still low, and excessive use of unnecessary, ineffective, or
expensive interventions continues. Similarly, many people with OA are
less likely to follow physical activity guidelines, are more likely to be
overweight, have more comorbidities, and a higher risk of social isolation
compared to those without. New and innovative ways to encourage and
support people to undertake these lifestyle changes are needed rather
than placing more barriers in their way. Provision of well-designed
neighbourhoods offers a great opportunity. Therefore, this study aimed
to synthesise existing literature on how neighbourhood built environments can support OA self-management by targeting physical, psychological, and social health aspects, and what considerations are needed for
planning and designing OA friendly neighbourhoods.
Methods: A literature search between January 2000 and December
2019 was undertaken in ﬁve databases (PUBMED, SPORTDiscus,
EMBASE, CINAHL, Environment Complete, and Scopus) using a scoping
methodology. We included studies examining the inﬂuence of neighbourhood built environments on physical and psychological health or
behaviours (e.g. physical activity, pain, function, quality of life, weight
management, mood, and socioeconomic), or for OA related outcomes
associated with resource use, health service use, or community participation. Studies included people with OA, mixed or unspeciﬁed
arthritis, and were screened by two reviewers. We excluded studies on
socioeconomic factors without a built environment focus (e.g. deprivation), or examined broader scale environmental factors such as air
quality or climate change. Results were mapped to seven pre-determined domains from the World Health Organization European Healthy
Cities Framework with a focus on factors modiﬁable at the neighbourhood level. Sub-domains and themes were further synthesised.
Results: Forty-two full text articles were assessed for eligibility, and 15
excluded as not meeting criteria. Twenty seven studies were included
and mapped across the seven domains and 23 sub-domains. The most
widely studied domains were safety and security (n¼19 studies); and
age and ability friendly design (n¼19); healthy transport and active
living (n¼16); healthy urban design and liveability (n¼14). Access to
green space (n¼7); local health services (n¼2) and healthy food (n¼1)
were less studied. The personal cost of utilising local services was an
additional theme identiﬁed (n¼5). We identiﬁed 6 key outcomes
around physical activity, quality-of-life, community participation,
resource use, psychological health, and other physical health. All studies
emphasised the potential of appropriate built environments for promoting health and the potential to support OA management strategies.
Walking distance to destination, access to public transport, well
maintained and appropriately designed neighbourhood features (e.g.
paths, curbs, seating), and good trafﬁc management were strong
themes in promoting better neighbourhood ‘walkability’ and increased
community participation. Access to green and open spaces were also
suggested to improve both mental and physical health. A major gap
identiﬁed was the role of healthy food availability in the neighbourhood, especially given access to healthy food is a key pillars of welldesigned built environments and the importance of weight-loss to
manage OA symptoms is well recognised. Other notable research gaps
were the potential of well-designed neighbourhoods to inﬂuence sleep,
pain coping, social isolation and psychological health.
Conclusions: This review highlights the potential of better utilising the
built environment to support and encourage better OA management.
The ﬁrst step is understanding the impact of different built environments and designing new and novel ways to utilise the neighbourhood
are now needed. The consumer perspectives discussed in many of the
identiﬁed studies can aid healthcare providers to tailor OA management
programs to the individual and their neighbourhood environments.
Discussions around appropriate exercise locations as part of the
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treatment planning process in the context of neighbourhood features is
one example. Stressing the mental and physical beneﬁts of being outdoors or discussions around suitable walking routes based on local
walking audits are others. Long-term improved implementing strategies and improved public policies targeted at the neighbourhood level
may be a more sustainable way to curb further increases in the OA
epidemic than addressing individual factors alone.

PRESENTATION NUMBER: 459
NEW STRATEGY OF HOME EXERCISE TO PREVENT SURGERY FOR
PATIENT WITH HIP OSTEOARTHRITIS AND A HARRIS HIP SCORE
BELOW 60 POINTS
K. Hayashi, Sr. 1, T. Tsunoda 2, F. Ichikawa 2, Y. Tobo 1. 1 Fukuoka Wajiro
Hosp., Fukuoka, Japan; 2 Asama Gen. Hosp., Saku City, Japan
Purpose: Pericapsular Soft Tissue and Realignment (PSTR) exercises
were developed to prevent or postpone surgery for patients with hip
osteoarthritis (OA). We reported that pelvic realignment exercises
reduce walking instability caused by hardening of the erector spinae on
the affected hip, and back-and forth ﬁgure-eight exercises improved
range of motion, resulting in a decrease in hip pain in a retrospective
OARSI 2015 study. We analyzed the details of patient complaints over 14
years and identiﬁed two major mechanisms of hip pain. The ﬁrst is
motion pain in which patients complain of hip pain when standing and
when taking the ﬁrst few steps after standing, with hip pain subsiding
as they continue walking. The second is walking pain in which patients
complain of more intense hip pain during walking than while standing
or taking the ﬁrst few steps. Motion pain can be alleviated with PSTR
exercises, even in patients with loss of joint cartilage, although severe
walking pain requires surgery. We performed a multicenter prospective
single-arm study to conﬁrm the effectiveness of PSTR exercises in
patients with a Harris Hip Score (HHS) of <60 points. Furthermore, we
investigated the effectiveness of PSTR exercises in patients with loss of
cartilage.
Methods: A total of 657 patients with hip pain visited the Arthritis
Center at Fukuoka Wajiro Hospital and Department of Orthopedic
Surgery at Asama General Hospital from August 2017 to September
2019. The study design is shown in Fig. 1. The inclusion and exclusion
criteria are shown in Table 1. Prohibition therapy used in combination
with PSTR exercises included a change in the doses and types of analgesics, chiropractic care or other hip joint exercise therapy, and surgery.
The primary outcome was the change in HHS, and secondary outcomes
are shown in Fig. 1. Patients were divided into two groups: the unilateral
OA group (no pain in the opposite side, HHS pain score of 44 points) and
the bilateral OA group (pain in both hips, HHS pain score <40 points
bilaterally). In the bilateral OA group, the most painful hip joint was
analyzed. Data scrubbing and statistical analysis were performed by the
Clinical Research Support Center, Kyushu, Japan, using an Electronic
Data Capture system. A paired t-test was used to analyze intra-personal
changes in endpoints. All analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). A p value of <0.05 was considered statistically signiﬁcant. The analysis was divided into two groups: Analysis
1 (analysis of all participants who performed PSTR Exercises) and
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Analysis 2 (analysis of participants with a Minimal Joint Space(MJS) of 0
mm among Analysis 1 participants). The trial was registered at UMIN
Clinical Trials Registry under UMIN000028277 on July 20th 2017. The
study was carried out in accordance with the Helsinki Declaration and
was approved by the Fukuoka Wajiro Hospital and Asama General
Hospital ethics committees.
Results: Patient characteristics are shown in Table 2. A total of 196
patients with a HHS <60 points were selected at secondary registration,
and three patients were excluded. Finally, 193 patients were analyzed.
At each follow up, outcomes were assessed from 1 month before the
scheduled follow-up date to 1 month after (Fig. 2). Analysis 1 (193
patients): Numerical Rating Scale (NRS), abduction range of motion
(ROM), and Timed Up and Go (TUG) Test showed a signiﬁcant
improvement within 30 minutes of PSTR Exercises in the unilateral and
bilateral OA groups at baseline (p < 0.001; Table 3A). A: Primary outcome Signiﬁcant differences in HHS were noted between baseline and
3-month follow up and between baseline and 6-month follow up in the
unilateral and bilateral OA groups (p < 0.001; Table 3A). B: Secondary
outcome Short-Form 36-Item Health Survey version 2(SF-36v2), NMR,
ROM, opening angle of the hip, maximum strength of hip abductor, TUG
Test, and standing time on one leg with eyes open showed signiﬁcant
improvements in both or one endpoint between baseline and 3 months
and baseline and 6 months (Tables 3A, 4A, 5A). The proportion of cases
who continued PSTR Exercises for 3 months, performed PSTR Exercises
for 6 months, and demonstrated an improvement in HHS of >10 points
are shown in Table 6A. Analysis 2 (participants with an MJS of 0 mm, 130
patients): NRS, abduction ROM, and the TUG Test showed signiﬁcant
improvements within 30 minutes of PSTR Exercises in the unilateral
and bilateral OA groups at baseline (p < 0.001; Table 3B). A: Primary
outcome Signiﬁcant differences in HHS were noted (p < 0.001; Table
3B). B: Secondary outcome All secondary outcomes showed signiﬁcant
improvement in one or both endpoints between baseline and 3 months
and baseline and 6 months (Tables 3B, 4B, 5B). The proportion of cases
who continued PSTR Exercises for 3 months, performed PSTR Exercises
for 6 months, and demonstrated an improved HHS of >10 points are
shown in Table 6B.
Conclusions: PSTR exercises are signiﬁcantly effective in patients with
an HHS <60 points, even with loss of cartilage. A new method of
diagnosis to differentiate between motion pain and walking pain is
necessary.

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

S379

group, but there was no signiﬁcant between-group difference for hand
function (F (1, 160) ¼ 3.36, p ¼ 0.069). When dividing into subgroups,
we found no signiﬁcant difference over time in pain or hand function
between those undergoing surgery or not in neither the intervention
group (pain: F (1, 81) ¼ 0.90, p ¼ 0.35; hand function: F (1, 81) ¼ 1.43, p
¼ 0.24) nor the control group (pain: F (1, 78) ¼ 3.33, p ¼ 0.072; hand
function: F (1, 77) ¼ 1.25, p ¼ 0.27). However, at the time of the surgical
consultation (approx. 4 months), those later undergoing surgery in the
control group reported signiﬁcantly higher pain at rest and poorer hand
function than the other groups (p0.001) (Figure 1a and 1b).
Conclusions: The results showed a signiﬁcant reduction in pain and
improvement in hand function over the two-year period for both the
intervention and the control groups. No between-group differences
over time were apparent when also adjusting for surgical procedure.
However, it was evident that those later undergoing surgery in the
control group scored signiﬁcantly worse on pain and hand function at
the time of the surgical consultation. The results may imply that
patients who would beneﬁt from surgery on pain and functional
measures were identiﬁed. However, the results may also imply that
surgery did not give an additional beneﬁt on pain and hand function in
patients who ﬁrst underwent multimodal occupational therapy. This
needs to be further investigated in future studies.
PRESENTATION NUMBER: 460
LONG-TERM EFFECT OF MULTIMODAL OCCUPATIONAL THERAPY
AND SURGERY ON PAIN AND HAND FUNCTION IN PATIENTS WITH
CARPOMETACARPAL OSTEOARTHRITIS
A. Tveter 1, N. Østerås 1, R. Nossum 2, R. Eide 3, Å. Klokkeide 4, K. Matre 3,
M. Olsen 4, Ø. Andreassen 1, I. Kjeken 1. 1 Diakonhjemmet Hosp., Oslo,
Norway; 2 St. Olavs Hosp., Trondheim Univ. Hosp., Trondheim, Norway;
3
Haukeland Univ. Hosp., Bergen, Norway; 4 Haugesund Rheumatism
Hosp. AS, Haugesund, Norway
Purpose: Carpometacarpal osteoarthritis (CMC1 OA) is a subset of hand
OA and presenting symptoms of pain and functional limitations. CMC1
OA is characterized by a combination of reduced cartilage thickness,
increased ligament laxity, and subluxation, leading to contracture and
decreased thumb web space. The European League Against Rheumatism (EULAR) guidelines recommend conservative treatment as ﬁrstline treatment. Recent studies have shown signiﬁcant short-term effect
of multimodal occupational therapy on pain and hand function in
patients referred to surgical consultation. However, few studies have
assessed the long-term effect of conservative treatment and surgery in
this patient group. The purpose of this sub-study was therefore to
assess the over a 2-year period.
Methods: This project presents secondary analyses of a multicenter
randomized controlled trial including three departments of rheumatology in Norway. All patients referred by their general practitioner to
surgical consultation due to CMC1 OA at any of the three departments
between 2013 and 2015 were considered eligible. During the waiting
period between referral and surgical consultation, the patients were
randomized to either usual care (n¼90) (information on OA) or a 3month multimodal occupational therapy intervention (n¼90) consisting of patient education, hand exercises, orthoses and assistive devices.
Patients were instructed in doing hand exercises three times per week.
They were given ﬁve commonly used assistive devices to use at home,
and a day- and a night orthosis to use as much as possible. The patients
answered questionnaires at baseline, in conjunction with surgical
consultation (approximately 4 months) and at 18 and 24 months. Pain
was assessed at rest using a 11-point numeric rating scale, while hand
function was self-reported with the MAP-Hand (1-4, 1¼no problem).
The long-term within- and between-group differences on pain and
hand function were assessed using repeated measure ANOVA. We also
did subgroup analyses where the long-term effect on pain and hand
function were assessed between those undergoing surgery or not in
both the intervention and control group. Primary analyses showed a
non-signiﬁcant trend towards delay and reduction in surgical rate, with
22 patients undergoing surgery in the intervention group against 29 in
the control group. P-value was set to <0.05.
Results: Of the 180 included patients, 163 were included in the analyses
of pain, while 162 were included in the analyses of hand function. Mean
age was 63 (8) years, and most participants were women (81%). Both
the control and intervention groups showed a signiﬁcant reduction in
pain (F (3, 159) ¼ 13.11, p<0.001) and improvement in hand function (F
(3, 158) ¼ 24.25, p<0.001) over the four time points. The main effect
comparing the two groups was signiﬁcant for pain (F (1, 161) ¼ 8.56, p ¼
0.004), with the intervention group reporting less pain than the control

PRESENTATION NUMBER: 461
VALIDITY OF THE OCTOPUS STRATIFICATION ALGORITHM FOR
ALLOCATING PATIENTS WITH KNEE OSTEOARTHRITIS INTO
CLINICALLY RELEVANT SUBGROUPS
J. Knoop 1, R.W. Ostelo 1, M. van der Esch 2, A. de Zwart 2, K.L. Bennell 3,
M. van der Leeden 4, 2, J. Dekker 4. 1 Vrije Univ.it, Amsterdam, Netherlands;
2
Reade Centre for Rehabilitation and Rheumatology, Amsterdam,
Netherlands; 3 Univ. of Melbourne, Melbourne, Australia; 4 Amsterdam
UMC (VUmc), Amsterdam, Netherlands
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Purpose: Knee osteoarthritis (OA) is a heterogeneous disease, therefore
it is likely that treatments can be optimized by phenotyping. For this
purpose, we developed a model of stratiﬁed exercise therapy, consisting
of (i) a stratiﬁcation algorithm aiming to allocate patients with knee OA
into clinically relevant subgroups (phenotypes), and (ii) subgroupspeciﬁc, stratiﬁed exercise therapy interventions. More speciﬁcally, in
our model we distinguish three subgroups with the following proposed
underling phenotypes: the ‘high muscle strength subgroup’ representing a post-traumatic phenotype (e.g., relatively young, history of
knee surgery, physically active, mostly males), the ‘low muscle strength
subgroup’ representing an age-induced phenotype (e.g., relatively old,
physically inactive) and the ‘obesity subgroup’ representing an metabolic phenotype (e.g., obesity and other comorbidities, physically
inactive, more severe symptoms). These subgroups are expected to
beneﬁt differently from usual exercise therapy targeting muscle
strength, and beneﬁt more from subgroup-speciﬁc, stratiﬁed exercise
therapy. In the present study, we aimed to validate our algorithm with
existing data, on three domains: (i) consistency of these subgroups
across cohorts when applying this algorithm, (ii) similarity of observed
subgroup characteristics compared to proposed underlying phenotypes, and (iii) subgroup differences in effects of usual, ‘non-stratiﬁed’
exercise therapy (i.e., mostly muscle strength training) in previous trials
compared to our hypotheses (i.e., low effects in ‘high muscle strength
subgroup’, modest effects in ‘obesity subgroup’ and large effects in ‘low
muscle strength subgroup’).
Methods: Data from ﬁve cohorts (four exercise trials and one crosssectional cohort) were used to test a priori formulated hypotheses
(n¼63) concerning three domains of validity of our algorithm. These
ﬁve cohorts are (i) an ongoing AMS-OA cohort (Netherlands), (ii) STABILO-trial (Netherlands), (iii) NEXA-trial (Australia), (iv) CBT-trial
(Australia) and (v) VIDEX-trial (Netherlands). All four randomized
controlled trials (RCTs) provided supervised exercise therapy (primarily
muscle strength training) of three months. For the present study, we
applied our stratiﬁcation algorithm in baseline data from these ﬁve
cohorts to test our ﬁrst and second domain of validity, and additionally
analyzed treatment effects at 3-months follow-up in the four trials for
our third domain of validity. The ﬁrst validity domain consisted of 15
hypotheses concerning the consistency of the algorithm, meaning that
the proportions of patients in each of the subgroups should not differ
substantially between the cohorts. The second validity domain consisted of 30 hypotheses concerning the similarity between subgroup
characteristics with their underlying phenotype. The third validity
domain consisted of 18 hypotheses, concerning the difference in effects
of non-stratiﬁed exercise therapy on physical function, pain and upper
leg muscle strength between subgroups.
Results: Baseline data from a total of 1,211 patients with knee OA were
analyzed for the ﬁrst two domains, and follow-up data from 584
patients who were part of an exercise arm within an RCT for the third
domain. In total, a vast majority of our hypotheses (73%) were conﬁrmed. Regarding our ﬁrst domain of validity, the frequencies of the
three subgroups were relatively consistent across cohorts, with around
50% of the patients allocated into the ‘obesity subgroup’, 30% in the ‘low
muscle strength subgroup’ and 20% to the ‘obesity subgroup’. Regarding
our second domain, characteristics of our three subgroups were almost
completely aligned with the proposed underlying phenotypes (i.e.,
post-traumatic, age-induced and metabolic phenotype). Regarding our
third domain, usual, ‘non-stratiﬁed’ exercise therapy resulted in moderate to large effect sizes for knee pain and physical function for all three
subgroups, without substantial differences in effects between
subgroups.
Conclusions: This study suggests that our stratiﬁcation algorithm
might be a valid instrument to allocate patients with knee OA into
clinically relevant subgroups, based on consistent subgroup proportions
across cohorts and subgroup characteristics in line with the proposed
underlying phenotypes. On the other hand, our subgroups did not differ
substantially in effects of usual, ‘non-stratiﬁed’ exercise therapy subgroups, which was unexpected. An ongoing trial (OCTOPuS-study) will
assess whether model of stratiﬁed exercise therapy, in which our
stratiﬁcation algorithm is a component, improves clinical and economic
outcomes, compared to usual exercise therapy.

PRESENTATION NUMBER: 462
EVALUATION OF INTERMEDIATE CARE FOR
OSTEOARTHRITIS: A MIXED-METHODS STUDY

KNEE

AND

HIP

I. Arslan 1, V. Voorbrood 1, S. Stitzinger 2, M.-P. van de Kerkhove 3,
R. Rozendaal 1, M. van Middelkoop 1, P. Bindels 1, S. Bierma-Zeinstra 1,
D. Schiphof 1. 1 Erasmus Univ. Med. Ctr., Rotterdam, Netherlands; 2 Gen.
Practice Pallion, Hulst, Netherlands; 3 Orthopaedics ZorgSaam ZeeuwsVlaanderen, Terneuzen, Netherlands
Purpose: Initiatives to address the rise in healthcare costs and hospital
overuse due to osteoarthritis are needed. In countries such as the
Netherlands and the United Kingdom, general practitioners (GPs) act as
gatekeeper; patients can only access hospital services by a referral from
their GP. Reinforcement of this gatekeeping role of GPs may help prevent unnecessary referrals to hospitals and thereby tackle rising
healthcare costs. Intermediate care projects aim at preventing unnecessary referrals to hospitals. These projects incorporate specialist
services into general practice. The current study evaluated three intermediate care projects for knee and hip osteoarthritis (KHOA) in the
Netherlands with regard to: 1) facilitators and barriers as perceived by
patients and stakeholders; 2) patient satisfaction; and 3) the effect on
the number of referrals to orthopaedics and physiotherapy, and
healthcare consumption.
Methods: Intermediate care projects in three general practices initiated
by the Dutch health insurance company CZ agreed to participate. A
mixed methods approach using semi-structured interviews, patient
experience questionnaires and data from medical records from three
intermediate care projects was used. Semi-structured interviews were
conducted with patients (n¼4), GPs (n¼4), orthopaedists (n¼2) and a
healthcare manager in intermediate care. Patient satisfaction questionnaires completed by patients who received intermediate care
(n¼100) were used. Data from the three general practices on patients’
characteristics, healthcare consumption in terms of number of consultations, and referrals to orthopaedics and physiotherapy were collected retrospectively from the medical records. Records of patients
with KHOA and with at least one consultation, visit or telephone contact
by their GP either before (n¼96) or after (n¼208) the implementation of
intermediate care (pre-implementation and post-implementation
period) were selected. The duration of the pre- and post-implementation periods varied between the practices, since the time since implementation of intermediate care differed between the practices at the
time of this study. One practice was observed for six months before and
after implementation (i.e. one year in total) and in the other two
practices for one year before and after implementation (i.e. two years in
total).
Results: GPs and orthopaedists in intermediate care experienced more
intensive collaboration compared to regular care. GPs experienced an
increase in knowledge, enabling better selection of referrals to orthopaedics and less healthcare consumption. Orthopaedists felt a higher
workload due to more complex cases in hospital and due to the intermediate care project as an additional service on top of their usual work
in the hospital. Orthopaedists also experienced limited access to diagnostic facilities while working in a general practice. Patients were satisﬁed with the provided intermediate care and experienced the better
access to specialists’ knowledge in a trusted environment compared to
regular care as an advantage of intermediate care. A total of 96 patients
with KHOA were seen in the pre-implementation period and 208 in the
post-implementation period. Of the patients in the post-implementation period, 26.4% received intermediate care and the remaining 73.6%
received regular GP care (see Table 1 for patients’ characteristics).
Orthopaedists and GPs experienced less healthcare consumption, but
the actual observed mean number of consultations did not decrease
after the implementation (Table 1). Referrals to physiotherapy increased
signiﬁcantly after the implementation of intermediate care (absolute
difference¼15%; 95% CI¼7.19 to 22.8). Referrals to orthopaedics did not
signiﬁcantly change (absolute difference¼5.9%; 95% CI¼-6.18 to 17.9)
(Table 1).
Conclusions: This study showed that orthopaedists and GPs experienced beneﬁts of more intensive collaboration in intermediate care for
KHOA, while orthopaedists also felt a higher workload and limited
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access to diagnostic facilities as a barrier of intermediate care. Patients
experienced better access to healthcare and the beneﬁts of a trusted
environment and specialists’ knowledge. Intermediate care led to more
referrals to physiotherapy, contributing to high quality of care, but did
not reduce the number of referrals to orthopaedics and number of
consultations yet. Replication of this study with longer follow-up and
more rigorous data collection methods is needed to conﬁrm these
ﬁndings and give more insight in referrals and total healthcare
consumption.

PRESENTATION NUMBER: 463
PATIENTS WITH OSTEOARTHRITIS AND LOW PHYSICAL ACTIVITY
INCREASED THEIR PHYSICAL ACTIVITY LEVEL AFTER A SUPERVISED
PATIENT EDUCATION AND EXERCISE THERAPY PROGRAM
L. Baumbach, D.T. Grønne, S.T. Skou, E.M. Roos. Univ. of Southern
Denmark, Odense, Denmark
Purpose: Physical activity (PA) is important to improve and maintain
general health. However, the level of PA is decreasing with age, especially in patients with lifestyle-related diseases such as osteoarthritis
(OA). The recommended ﬁrst-line treatment for patients with hip or
knee OA, patient education and exercise therapy, may therefore help
not only to relieve OA symptoms but also to improve general health, if
PA can be increased. Such an improvement is especially important for
patients with low PA level. In this study we aim at identifying the
proportion of OA patients who increased and maintained their PA levels
after entering a patient education and exercise therapy program.
Methods: We used data from the Good Life with osteoArthritis in
Denmark (GLA:D®) program, which is a supervised patient education
and exercise therapy program delivered in primary care to patients with
hip or knee OA. The intervention consists of two patient education and
12 supervised exercise therapy sessions. Patients participating between
2013 and 2019 were included in the study, if they provided information
on the University of California, Los Angeles (UCLA) activity scale at three
time points (TP): TP0) baseline, TP1) immediately after and TP2) 12
months after entering the program.The outcomes of interest were
changes on the UCLA activity scale (1-10, low to high) (Table 1). In this
study, we deﬁned patients as ’low active’ if they reported a UCLA
activity level of  3; ‘sometimes participate in mild activities’ or lower
at TP0.We calculated the proportion of all and of the ‘low active’
patients, who increased their PA by at least one UCLA activity scale unit,
from TP0 to TP1, and from TP0 to TP2. Furthermore, we evaluated the
proportion of patients who at least maintained their increased PA level
from TP1 to TP2. Finally, we calculated the proportion of ‘low active’
patients, who reached at least UCLA activity level 4 (‘regular participation in mild activities’) at TP1, and at TP2, as well as the proportion of
these patients who at least maintained a UCLA activity level of 4 from
TP1 toTP2.
Results: During the inclusion period, 19,079 patients with hip or knee
OA participated in the GLA:D® program and provided complete information on the UCLA activity scales. They were on average 65 years old,
had a mean BMI of 28, and 13,683 (72%) were female. 7% (n¼1,352)
reported low PA at baseline (UCLA activity score  3) and these patients
were on average 65 years old, had a mean BMI of 31 and 936 (69%) were
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female.In the ‘low active’ patient group, 81% (n¼1,092) and 80% (1,086)
reported an increased UCLA activity level at TP1 and TP2 compared to
TP0, respectively (Figure 1). The increased PA level was maintained by
48% (n¼650) of the ‘low active’ patients from TP1 to TP2.When considering all patients, 37% (n¼7,103) and 38% (n¼7,243) increased their
UCLA activity level from TP0 to TP1, and from TP0 to TP2, respectively.
18% (n¼3,387) of all included patients had at least maintained their
increased PA levels from TP1 to TP2.In the ‘low active’ patient group
(level 1-3), 76% (n¼1,033) and 75% (n¼1,016) reached a PA level of at
least 4 on the UCLA activity scale, corresponding to regularly participating in mild activities such as walking, at TP1, and at TP2, respectively
(Figure 2). 62% (n¼844) of the ‘low active’ patients maintained their
increased UCLA PA level of at least 4 from TP1 to TP2.
Conclusions: Eight out of ten osteoarthritis patients with low physical
activity at baseline reported improved physical activity immediately
after and 12 months after entering a supervised patient education and
exercise therapy program. About half maintained their increased
physical activity level from immediately after to twelve months after
the GLA:D® program.
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PRESENTATION NUMBER: 464
THE TIME CURVE OF A SINGLE END-RANGE MAITLAND
MOBILIZATION ON PRESSURE PAIN THRESHOLD AND FUNCTIONAL
OUTCOMES IN KNEE OSTEOARTHRITIS
ny
ter 1, N. Farkas 3, P. Than 2, 4, N. Nusser 1, 2. 1 Harka
M. Pozsgai 1, 2, I.A. Pe
ny, Hungary; 2 Med. Sch., Univ. of P
Thermal Rehabilitation Ctr., Harka
ecs,
3
P
ecs, Hungary; Inst. of Bioanalysis, Med. Sch., Univ. of P
ecs, P
ecs,
Hungary; 4 Dept. of Orthopaedics, Med. Sch., Univ. of P
ecs, P
ecs, Hungary
Purpose: Peripheral and central sensitization are suggested the two
underlying mechanisms of pain in knee osteoarthritis (KOA). Amongst
several testing procedures, pressure pain threshold (PPT) measurement is
the most sensitive method for investigating the magnitude of peripheral
and central sensitization in KOA. While local PPT measurement refers to
peripheral sensitization, distant PPT measurement implies central sensitization. The immediate effectiveness of not end-range Maitland
mobilization on alleviation of pain perception has been previously conﬁrmed in KOA. Furthermore, end-range Maitland mobilization producing
effect on function-related measures has been also revealed in KOA.
However, the precise time period of a single end-range Maitland mobilization on increase of PPT and physical function has not been studied yet.
As end-range Maitland mobilization improves the extensibility of periarticular tissues in contrast to not end-range Maitland mobilization, an
additional time-effect could be expected. Therefore, the aim of this trial
was to investigate the time curve of single end-range Maitland mobilization on change of PPT and different function-related measures in KOA.
Methods: Three-arm, patient-blinded, randomized controlled clinical
trial was conducted with 66 patients diagnosed with Kellgren-Lawrence grade I-III KOA. Twenty-two patients (n¼22) were assigned to
end-range Maitland Group (EMGr), twenty-two patients (n¼22) were
allocated to not end-range Maitland Group (n-EMGr) and twenty-two
patients (n¼22) were assigned to Control Group (CON). Patients in
EMGr received oscillatory performed Maitland mobilization in ﬂexion
and extension end-range position of the tibiofemoral joint. Patients in
n-EMGr received also oscillatory performed Maitland mobilization in
loose position of the tibiofemoral joint. Patients in CON were treated
with hands-on technique in loose position of the tibiofemoral joint as
placebo. All interventions were applied once to all patients. Outcome
measures were the following: i) local PPT of the knee and ii) distant PPT
at the ipsilateral Extensor Carpi Radialis Longus muscle, iii) pain
intensity during the previous week measured with the Visual Analogue
Scale (VAS), iv) Western Ontario McMaster Universities Osteoarthritis
Index (WOMAC) questionnaire with the subgroups Pain, Stiffness and
Physical function, v) Timed Up and Go Test (TUG), vi) TUG test associated pain intensity measured with Numerating Pain Rating Scale
(NPRS) and vii) the passive tension (PT) of the knee at the onset of pain.
All outcomes were measured pre-, postintervention and on the following consecutive second day for 1.5 weeks; exception was VAS and
WOMAC, due VAS was measured preintervention, one and two week
after the ﬁrst measurement and WOMAC was measured preintervention and on the last day of measurements. Distribution of the
variables was examined with the Shapiro-Wilk normality test. One-way
ANOVA with repeated measures and Tukey Post Hoc test was used for
statistical analysis performed in SPSS Statistics 26.0.
Results: ANOVA revealed no signiﬁcant baseline difference between
characteristics of patients (for age p¼0.079, for BMI p¼0.071). Tukey

post hoc test showed no signiﬁcant baseline difference between outcome measures in all groups except NPRS between n-EMGr and CON
(p¼0.048). Local PPT increased signiﬁcantly postintervention in EMGr
and n-EMGr compared to CON (p<0.001). Despite local PPT decreased
constantly in all groups till the end of 1.5 weeks, no signiﬁcant difference
was found in within- or between-group comparison. ANOVA revealed
signiﬁcant difference in distant PPT postintervention (p¼0.021) and
Tukey post hoc test presented signiﬁcant difference in EMGr (p¼0.033)
and n-EMGr (p¼0.048) compared to CON. Distant PPT remained higher
in EMGr compared to n-EMGr and CON till the end of 1.5 weeks without
signiﬁcant differences in within- or between-group comparison. Neither
ANOVA, nor Tukey post hoc test revealed signiﬁcant difference in
within- and between-group comparison in TUG time in all groups
postintervention and till the end of 1.5 weeks. NPRS decreased signiﬁcantly postintervention in EMGr (p¼0.005) and n-EMGr (p¼0.033)
compared to CON. NPRS were lower in EMGr compared n-EMGr and
CON till the end of 1.5 weeks without signiﬁcant difference in betweengroup comparison. PT decreased signiﬁcantly postintervention in EMGr
compared to n-EMGr (p¼0.022) and CON (p¼0.003). PT increased constantly in EMGr till the end of 1.5 weeks, but never equaled to n-EMGr
and CON revealing no signiﬁcant difference in within- or between-group
comparison. VAS decreased signiﬁcantly in all groups after 1 week
(p<0.001) and decreased further after 2 weeks; however, no signiﬁcant
difference was detected in between-group comparison. Despite subgroups of WOMAC decreased after 1.5 weeks, ANOVA revealed no signiﬁcant difference in within-group comparison and Tukey post hoc test
showed no signiﬁcant difference in between-group comparison.
Conclusions: To our knowledge, this is the ﬁrst study investigating the
effect of single joint mobilization on time curve of PPT, the indicator of
local and central sensitization and different function-related measures
in KOA. Based on our ﬁndings, the effect of single end-range Maitland
mobilization on the decrease of peripheral and central sensitization and
improvement of functional outcomes in 1.5 week-period can be considered effective, moreover showing moderate beneﬁt compared to not
end-range Maitland mobilization in KOA. Therefore, Maitland mobilization could be applied about three times a week to achieve alleviation
of pain and improvement of functional status in long term in KOA. As
patients may receive physiotherapy modalities in package consisting of
multiple treatment occasions, end-range Maitland mobilization could
be carried out either solely or as complementary technique in both
outpatient or inpatient care. As a consequence, further studies could
focus on investigation of the optimal treatment frequency of application
of Maitland mobilization and its long-term effect on peripheral and
central pain sensitization and functional outcomes in KOA.
PRESENTATION NUMBER: 465
THE IMPACT OF COVID-19 LOCKDOWN
EMERGENCY AND ELECTIVE HIP SURGERIES

RESTRICTIONS

ON

K. Magnusson 1, 2, J. Helgeland 1, M. Grøsland 1, K. Telle 1. 1 Norwegian
Inst. of Publ. Hlth., Oslo, Norway; 2 Lund Univ., Faculty of Med., Dept. of
Clinical Sci. Lund, Orthopaedics, Clinical Epidemiology Unit, Lund, Sweden
Purpose: The coronavirus disease 2019 (COVID-19) emerged late 2019
and rapidly spread in a global pandemic causing over 1 million deaths by
October 2020. National lockdown measures are believed to dramatically
have limited the spread of the virus globally, but on the other side, may
have had several unknown negative side effects on the planned and
acute care for vulnerable groups. In this study, we aimed to assess the
effects of COVID-19 pandemic lockdown restrictions on the number of
emergency and elective hip joint surgeries due to fractures and osteoarthritis (OA), respectively, and explore whether these procedures are
more/less affected by lockdown restrictions than other hospital care.
Methods: In 1.344.355 persons aged 35 years in the Norwegian
emergency preparedness (BEREDT C19) register, we studied the daily
number of persons having 1) electively planned surgeries due to hip OA,
and 2) emergency surgeries due to hip fractures before and after COVID19 lockdown restrictions were implemented nationally on March 13th
2020, for different age and sex groups. We also studied the daily number
of all-cause elective- and all-cause emergency hospitalizations (>24
hours). For all our outcomes, we categorized dates in ﬁve 2-weeks periods before lockdown (March 13th 2020), and ﬁve 2-weeks periods after
lockdown, covering a total time period from January 3rd 2020 to May 21st
2020. To observe trends in number of events over time, we compared the
incidence rate ratios (IRR) for all the 2-week periods with the base level,
which was deﬁned as the two ﬁrst weeks of January. We also compared
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IRR in the 10 weeks before and after lockdown restrictions were implemented, using the entire period of 10 weeks before lockdown as base
level (Jan 3rd-March 12th). The IRRs reﬂect the after-lockdown number of
events divided by the before-lockdown number events.
Results: The IRRs for all the 2-weeks periods, for elective and emergency
hip surgeries are presented in the Figure, indicating a large and consistent
decrease in hip OA surgeries and a smaller but more age- and sexdependent decrease in hip fracture surgeries. More speciﬁcally, for the two
10-weeks periods before and after lockdown, we observed that the
number of after-lockdown elective hip surgeries due to OA were one third
of the number of before-lockdown elective hip surgeries due to OA, and
the drop was similar for men and women above and below 70 years (IRR
~0.3). This drop for hip OA surgeries was greater than the drop seen for allcause elective hospital care (IRR ~0.6, 95% CI¼0.6-0.6). In contrast, the
number of emergency hip fracture surgeries had a drop of a similar
magnitude as that observed for all-cause emergency care (IRR¼0.8, 95%
CI¼0.8-0.8). However, there were age and sex differences in the magnitude
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of the drop. Men aged 35-69 had close to half the number of surgeries (IRR
~0.6, 95% CI¼0.6-0.6), whereas women aged 70 had the same number of
emergency hip fracture surgeries after lockdown (IRR ~1, 95% CI ¼ 1-1).
Only women aged 35-69 and men aged 70 had emergency hip fracture
surgery rates after lockdown comparable to what may be expected based
on analyses of all-cause acute care (IRR ~0.8, 95% CI¼0.8-0.8).
Conclusions: We report a sudden and steep decrease in the daily
number of planned hip joint surgeries due to OA, beginning on the day
after lockdown restrictions were implemented in Norway on March
13th 2020. This decrease was greater than the decrease in other (allcause) elective inpatient care for all age and sex groups. Interestingly,
we also report a consistent decrease of all-cause emergency inpatient
care that only partly was found in age- and sex-speciﬁc analyses of
emergency hip joint fracture surgeries. We believe these ﬁndings are
important to report for an improved knowledge foundation allowing for
an optimal management of future pandemics of a similar or larger scale.

Figure The incidence rate ratios (y-axis, IRR) of emergency hip sur-

geries due to fracture (red) and the IRR of elective hip surgeries due
to osteoarthritis (blue) in Norway, Jan 3rd 2020-May21st 2020 with
Jan 3rd - Jan 16 as base level with their 95% conﬁdence intervals
(CI). Red dots/line ¼ emergency hip fracture surgeries. Blue dots/
line ¼ elective hip osteoarthritis surgeries. The red and blue twoweekly dots are graphed next to each other for improved readability. Vertical line represents the national implementation of
lockdown strategies on March 13th 2020.
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PRESENTATION NUMBER: 466
QUANTIFYING HEALTHCARE RESOURCE UTILISATION FOR THE
MANAGEMENT OF MODERATE-TO-SEVERE CHRONIC PAIN AMONG
PATIENTS WITH OSTEOARTHRITIS IN ENGLAND: A RETROSPECTIVE
ANALYSIS OF LINKED PRIMARY AND SECONDARY CARE DATA
C. Lohan 1, H. Stevenson 1, G. Coates 1, R. Wood 2, S. Blackburn 2,
T. Tritton 2, R. Knaggs 3, A.J. Dickson 4, D.A. Walsh 5. 1 Pﬁzer UK, Tadworth,
United Kingdom; 2 Adelphi Real World, Bollington, United Kingdom;
3
Univ. of Nottingham, Nottingham, United Kingdom; 4 Trustee Primary
Care Rheumatology & Musculoskeletal Med. Society, York, United
Kingdom; 5 Pain Ctr. Versus Arthritis and and NIHR Nottingham BioMed.
Res. Ctr., Academic Rheumatology, Nottingham, United Kingdom
Purpose: The healthcare resource burden of osteoarthritis (OA) is
driven by appointments with multiple healthcare professionals, surgical procedures, and management of treatment-related complications.
Evidence shows increased healthcare economic burden among those
with OA compared to those without OA; however, little evidence exists
to quantify this burden among those patients with moderate-to-severe
chronic pain. This study aims to characterise the healthcare burden of
this patient group in the UK compared to general population controls.
Methods: A retrospective, longitudinal cohort design with comparator
group was employed using data in England from the Clinical Practice
Research Datalink GOLD primary care database linked to secondary care
data (inpatient, outpatient, Accident & Emergency [A&E]) from Hospital
Episode Statistics. Adult patients (age 18 years) with an existing
diagnosis of OA of any anatomical site (Read or ICD-10) were indexed
between Dec-09 and Nov-17 on a moderate-to-severe pain event (ﬁrst
use of pain-related secondary care services or invasive procedures, or
prescriptions [two or more required] indicative of moderate-to-severe
pain) occurring within an episode of chronic pain. An episode was
deﬁned as a series of pain-related primary and secondary care visits
without a 12-month gap. Each case was exact matched to a general
population control on age (±1yr), sex, Charlson Comorbidity Index
score, general practitioner (GP) practice and linkage eligibility.
Healthcare resource utilisation (HCRU; GP consultations, prescription
medications, outpatient appointments, inpatient stays, A&E visits) and
associated direct medical costs were observed during 6-, 12- and 24month follow-up (FU) after and including the index event. A signiﬁcance level of 0.05 was used for comparisons between cases and
controls.
Results: The study cohort consisted of 5,931 patients with OA (57.9%
aged 65 years, 59.2% female), and an equal number of controls. During
the 6-month FU, cases experienced signiﬁcantly more GP consultations
(means: 6.9 vs. 3.0), outpatient appointments (4.1 vs. 0.8), A&E visits
(0.2 vs. 0.1) and inpatient stays (0.7 vs. 0.1) compared with matched
controls (all p<0.0001). Orthopaedics (cases: 71.3%, controls: 2.6%),
physiotherapy (cases: 15.6%, controls: 1.2%) and rheumatology (cases:
8.3%, controls: 1.6%) were the most frequently utilised pain-related
outpatient services among cases (all p<0.0001 vs. controls). Cumulative
length of stay as an inpatient was signiﬁcantly longer for cases compared with controls (1.9 vs. 0.4 days; p<0.0001). Similar ﬁndings were
observed during the FU periods from index event to 12- and 24-months
(Table 1). Total costs incurred by cases during the 6-month FU were
signiﬁcantly higher compared with matched controls (means: £2,576
vs. £371; p<0.0001); by 24 months after index total costs had risen to
£6,309 among cases and £1,531 among controls (p<0.0001). Inpatient
stay costs accounted for z76% (£1,955) of total costs during the ﬁrst 6
months, of which £1,134 (58.0%) related to inpatient stays for total joint
replacements. These observations were largely consistent across the 12and 24-month FUs (Figure 1).
Conclusions: Patients with OA and moderate-to-severe chronic pain
consistently used signiﬁcantly more healthcare services versus
matched controls, making clear the substantial burden to the healthcare
system associated with the management of OA pain, both in the primary and secondary care settings. This greater resource use is also
reﬂected in a greater cost burden among cases, predominantly driven
by costs of inpatient care.

PRESENTATION NUMBER: 467
PHYSICAL EXERCISE PROMOTION AND RELATED HEALTH BENEFITS
FOR PEOPLE WITH KNEE OSTEOARTHRITIS AND ADDITIONAL
OTHER CHRONIC NON-COMMUNICABLE DISEASES: A PILOT STUDY
S. Schweda 1, 2, P. Janßen 1, 2, G. Sudeck 1, 2, C. Burgstahler 1, 2, A. Nieß 1, 2,
I. Krauss 1, 2. 1 Dept. of Sports Med., Med. Clinic, Univ. Hosp., Tuebingen,
Germany; 2 Interfaculty Res. Inst. for Sports and Physical Activity,
Tuebingen, Germany
Purpose: Multimorbidity, the simultaneous occurrence of more than 2
diseases, is no longer an exception. Especially non communicable
chronic diseases like Osteoarthritis (OA), Diabetes mellitus Type 2
(DMT2), overweight (OW) and obesity (OB) as well as cardio-vascular
diseases (CVD) are examples of the most prevalent chronic conditions in
industrial nations. The treatment of multimorbidity has not gained
much attention in research so far. Especially conservative therapies
other than medication have not been established for this speciﬁc population. Physical exercise (PE) has been shown to be a treatment option
with little adverse events and many positive effects for many single
diseases, and physical activity (PA) promotion in general has found its
way in many disease management programs. However, a shortfall of
research on the effectiveness of speciﬁc PE interventions in the treatment of multimorbidity must be stated. The objective of this study
therefore was to evaluate a pilot model aiming for behavior change
towards the initiation and maintenance of regular PE and its related
health beneﬁts in patients with multimorbidity. This abstract focuses on
a subsample of participants with knee osteoarthritis. Strength measures
of the knee ﬂexors and extensors and self-reported disease related
symptoms were analyzed.
Methods: Participants with at least two severe risk factors or manifested disease signs for hip and/or knee OA, DMT2, OW/OB, CVD were
included in the study. The following analysis relates to the subsample of
subjects with or at risk for knee OA. The intervention consisted of two
12-week successive phases. The ﬁrst phase included different types of
supervised aerobic and strength training sessions. Dosage parameters
were based on the national PA recommendations. The intervention
further comprised theoretical background information on training
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science, nutrition and behavioral change techniques as well as two
personal counselling sessions with the aim to enable participants
towards an autonomous exercise participation. The second intervention
phase enhanced the self-organized maintenance of the same level of PE.
In this phase, participants were contacted via email on a regular base.
They received weekly training logs and feedback on their logs as well as
another personal counselling session. Data were assessed at baseline
(t0), after the ﬁrst (t3) and after the second intervention phase (t6).
Outcomes of this analysis relate to self-reported disease-related
symptoms (WOMAC subscale pain and physical functioning) and isometric peak torque measures for knee ﬂexion and extension. The study
was conducted in two recruitment waves for organizational reasons.
Due to the Covid-19 induced nationwide contact restrictions, strength
measures could not be assessed for wave two at t3 in March 2020,
therefore only t6 was used for further analysis of strength measures.
Wilcoxon Tests were calculated for non-parametric data to assess the
changes between t0-t3 and t0-t6. Effect sizes were calculated using r.
The study is registered at the German clinical trial register
(DRKS00016702).
Results: N¼39 patients were included in the study, thereof n¼23 participants (females¼19, males¼4) showed disease signs or self-reported
risk factors for knee OA. The mean BMI of them was 30.3 ± 3.2 kg/m2
and the mean age was 58.3 ± 6.3 years. Of the subsample, n¼22 were
also overweight or obese, n¼16 had a diagnosis of hypertension, n¼2
were diagnosed with DMT2 and n¼16 had an elevated risk for DMT2.
The WOMAC score was not answered by three participants at t3. One
participant did not perform the knee extension test due to pain at t0
and t6. One participant did not perform the isometric torque at t6 due to
an elevated blood pressure. 2 participants were lost to follow-up due to
family illness (n¼1) and shortage of time caused by Covid-19 induced
overtime (n¼1) and did not provide any data at t6. Median values for
WOMAC pain decreased from t0 to t3 but not from t0 to t6, this was not
statistically signiﬁcant. The decrease for the subscale physical function
from t0 to t3 and t6 was not statistically signiﬁcant as well (Table 1).
There was a statistically signiﬁcant change for isometric peak torque of
knee extension. Strength values for knee ﬂexion increased as well,
however this was not statistically signiﬁcant (Table 2, Figure 1).

Measurement / Time point

t0 (n ¼ 23)
t3 (n ¼ 20)
t6 (n ¼ 21)
Wilcoxon-Test t0-t3
Wilcoxon-Test t0-t6

WOMAC Physical Function

WOMAC Pain

Median (IQR)

Median (IQR)

10 (30)
8 (38)
6 (35)
z ¼ -2.0, p ¼0.9
z ¼ -0.05, p ¼1.0

15 (33)
13 (25)
15 (26)
z ¼ -1.0, p ¼ 0.3
z ¼ -1.3, p ¼ 0.2

0-100 point with 0 points indicating no complaints at all.

WOMAC Index for the subscales physical function and
pain

Measurment / Time point

t0 (n ¼ 22/23)
t6 (n ¼ 19/20)
Wilcoxon-Test t0-t6
r (t0-t6)

Osteoarthritis
andCartilage

Isometric peak torque
knee extension (Nm)

Isometric peak torque
knee ﬂexion (Nm)

Median (IQR)
86.5 (67.9)
111.0 (62.5)
z ¼ -2.0, p ¼ 0.046
0.5 (large)

Median (IQR)
66.5 (24.0)
84.3 (52.0)
z ¼ -1.2, p ¼ 0.2

Isometric peak torque for knee
extension and ﬂexion (Nm)
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Conclusions: Results of this study indicate that a systematic, initially
supervised training can lead to objective health beneﬁts in people with
knee OA and multimorbidity. Participants of the study showed an
increase in maximal isometric force of knee extension with a large effect
size. This is an important ﬁnding for patients with risk factors as well as
already manifested knee OA, as quadriceps strength is known as a
protective factor for knee OA and its progression. Results for the
WOMAC showed marginal improvement throughout the intervention
period. The majority of people only had minor complaints at the
beginning of the study, reducing the potential for positive change. One
limitation of the study is the onset of the Covid-19 related contact
restrictions that prohibited strength measures as well as physical
exercise training sessions in gyms and other public places for participants of wave 2 from the 9th intervention week on. The inﬂuence of this
force majeure on the results of the study cannot be conclusively
assessed at this point. Further limitations are related to the small
sample size, especially for the subgroup of patients with OA, and the
lack of a control group. This was a pilot study for a randomized controlled trial in health services research which is already initiated.
Results of this pilot trial therefore indicate the feasibility and the
potential beneﬁt of this intervention for multimorbid patients with
knee OA that will now be implemented and evaluated in a real health
services setting in the near future.
PRESENTATION NUMBER: 468
HEALTHCARE USE AMONG PEOPLE WITH KNEE OSTEOARTHRITIS IS
DRIVEN BY SOCIAL DETERMINANTS - RESULTS FROM A CROSSSECTIONAL NATIONWIDE STUDY
~o 3, 2, J. Branco 3, 5,
D. Costa 1, 2, A. Rodrigues 3, 2, E. Cruz 4, 2, H. Canha
C. Nunes 1, 2. 1 Publ. Hlth.Res. Ctr., NOVA Natl. Sch. of Publ. Hlth.- Univ.e
NOVA de Lisboa, Lisbon, Portugal; 2 Comprehensive Hlth.Res. Ctr. (CHRC),
Univ.e NOVA de Lisboa, Lisbon, Portugal; 3 EpiDoC Unit, CEDOC, NOVA
Med. Sch. - Univ.e NOVA de Lisboa, Lisbon, Portugal; 4 Physiotherapy
Dept., Sch. of Hlth., Polytechnic Inst. of Setúbal, Setúbal, Portugal;
5
Centro Hosp.ar Lisboa Ocidental (CHLO- E.P.E.), Serviço de
Reumatologia do Hosp. Egas Moniz, Lisbon, Portugal
Purpose: Knee osteoarthritis (K-OA) is a leading cause of disability
worldwide, which is rising in prevalence. K-OA related-costs can represent up to 2.5% of the GDP in high income countries. There is no cure
for K-OA thus, its complex management requires integrated multidomain interventions. Current clinical guidelines recommend a stepped
approach. Core interventions should be implemented for prevention
and during the progression of the disease and include education for
self-management strategies, exercise and maintenance of a healthy
weight; pharmacological therapies should be considered if symptoms
are poorly controlled, and Total Knee Replacement (TKR) should be
undertaken in the long run, when quality of life is signiﬁcantly impaired
and after the failure of conservative interventions. However, evidence
shows that current care is heterogenous and often not based on these
recommendations.Similarly to other countries, Portugal has an ageing
population, with high proportion of people who are overweight or
physically inactive, considered as main risk factors for K-OA onset and
progression. Moreover, Portugal is the OECD country with the highest
increase in the incidence rate of TKR. Thus, to identify the needs for
improvement in the current management of K-PA has a paramount
importance. However, there are few data in this topic in Portugal. The
utilization of healthcare services, according to the Andersen’s
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behavioural model, is inﬂuenced by predisposing characteristics, enabling factors and need variables. In an equitable system, the interventions received should be driven by patients’ clinical needs. The aim
of this study is to explore proﬁles of healthcare services utilisation by
people with K-OA, and to analyse their determinants, according to
Andersen’s behavioural model.
Methods: We analysed a sample of 978 adults (>18 years) diagnosed
with K-OA from the Portuguese population-based study EpiReumaPt. In
the ﬁrst stage of this study, after a random selection of private households, socio-demographic, lifestyle and clinical related variables were
collected in a structured face-to-face interview, which also screen for
rheumatic and musculoskeletal diseases. In a second stage the diagnosis
of K-OA was validated by a rheumatologist team. We considered as
outcomes of this study the variables related with healthcare services
utilization in the previous 12 months, collected in the ﬁrst stage of the
study. This included the number of general practitioner (GP) and other
medical specialty appointments, physiotherapy, psychology, hospitalizations and surgery. According to the Andersen’s behavioural model of
healthcare utilization, we considered the determinant variables in three
domains: predisposing characteristics which included age, sex, geographic location and marital status; enabling factors that included work
status, healthcare additional coverage and years of schooling; need
variables which included the number of comorbidities, body mass index
(kg/m2), alcohol, smoking and exercise habits, health-related quality of
life (HRQoL), measured with the EuroQol, with 5 dimensions and 3
levels, anxiety and depression symptoms, measured with the Hospital
Anxiety and Depression Scale and physical function, measured with the
Health Assessment Questionnaire. We performed the data analysis in
two phases. First, with the Two-step Cluster procedure, we identiﬁed
different proﬁles of healthcare utilisation, based on the services most
used by participants with knee OA (GP). Then, with multinomial logistic
regression models, adjusted for age and sex, we analysed the determinants associated with each proﬁle membership (p<0.05; 95% CI). We
implemented a hierarchical analysis, in which the predisposing characteristics were added to the model, then the enabling factors and
lately, the need variables. The variables of the next domain where added
after the removal of non-signiﬁcant variables. We evaluated the discriminative capacity of the model with the Area Under the receiver
operating Curve (AUC) and the variance using McFadden Pseudo-R2 in
each step.
Results: We found three health care utilization cluster proﬁles: 1)
HighUsers (n¼343; 37.06%), characterized by participants with heterogenous GP appointments (0 appointments: n¼30, 8.7%; 1-2 appointments: n¼112, 32.7%; 3 appointments: n¼201, 58.6%) and all
participants of the sample who have undergone physiotherapy
(n¼141.1, 41.1%), that visited the orthopaedic surgeon (n¼192, 56%) and/
or have been hospitalised (n¼112, 32.7%) ; 2) GPUsers (n¼272, 27,8%),
characterized by participants who have three or more GP appointments
and no utilization of the other mentioned services; 3) LowUsers (n¼363,
37.11%), characterized by participants with none (n¼96, 26.4%) or less
than two appointments (n¼267, 73.6%) with the GP and no utilisation of
the other mentioned services. Additionally, HighUsers was also the
proﬁle with higher use of medical appointments (4.43 ± 6.65, p<0.001)
across the majority of medical specialities. Regarding the whole sample,
more than 80% of participants are overweight (n¼379; 41.8%) or obese
(n¼370; 40.8%) and only 20.6% (n¼201) report doing regular physical
exercise. The determinants that increase the probability of HighUsers
proﬁle membership (compared with LowUsers proﬁle) were: younger
age (OR¼0.96, 95% CI 0.95, 0.99) and to live in Portugal Mainland
(OR¼0.43, 95% CI 0.24, 0.77) as predisposing characteristics; to have
additional health coverage (OR¼0.65, 95% CI 0.43, 0.98) and to be
employed (OR¼0.55, 95% CI 0.31-0.97) as enabling factors; have higher
number of comorbidities (OR¼1.12, 95% CI 0.31, 0.97), worse HRQoL
(OR¼0.33, 95% CI 0.14, 0.79), worse physical function (OR¼1.59, 95% CI
1.10-2.23) and have no regular physical exercise (OR¼0.57, 95% CI 0.37,
0.88) as need variables. Moreover, the determinants that increase the
probability of GPUsers proﬁle membership (compared with LowUsers
proﬁle) were: to live in the centre region (OR¼2.11, 95% CI 1.21, 3.68) or
in Portugal Mainland (OR¼0.42, 95% CI 0.21, 0.83), as predisposing
factors; have higher number of comorbidities (OR¼1.22. 95% CI 1.11,
1.33), presence of anxiety symptoms (OR¼1.09, 95% CI 1.03, 1.14) and no
regular physical exercise (OR¼0.55 95% CI 0.34, 0.89), as need variables.
Need variables accounted for the higher variation in AUC and McFadden
pseudo-R2, however predisposing characteristics and enabling factors
remained signiﬁcantly associated with the outcome in the ﬁnal

multinomial model.
Conclusions: According to our results, there is a low uptake of the
recommended interventions for K-OA, regarding the proportion of
overweight and physically inactive participants. Healthcare services
may need to strive to implement therapeutic exercise and enhancement
of self-management strategies, e.g., with physiotherapy in primary care,
in a much larger proportion of the population with knee OA. We found
that healthcare services utilisation, by patients with K-OA in Portugal, is
driven by predisposing characteristics and enabling factors, namely age,
employment status, geographic location and healthcare coverage. These
results suggest the existence of variability in the management of K-OA,
regardless of need factors, and inequities in the access to healthcare. A
whole system approach needs to consider primary prevention, early
detection, cost-effective interventions and appropriate referral. Internationally strategies to address this problem include integrated care
pathways or models of care, and the implementation of quality standards, that may reduce the evidence-practice and evidence-policy gaps.
PRESENTATION NUMBER: 469
ECONOMIC EVALUATION OF THE DR. BART APP IN PEOPLE WITH
KNEE AND/OR HIP OSTEOARTHRITIS
T. Pelle 1, 2, K. Bevers 1, F. van den Hoogen 1, 2, J. van der Palen 3, 4,
E. van den Ende 1, 2. 1 Sint Maartenskliniek, Ubbergen, Netherlands;
2
Radboudumc - Dept. of Rheumatic Diseases, Nijmegen, Netherlands;
3
Medisch Spectrum Twente - Med. Sch., Twente, Enschede, Netherlands;
4
Univ. of Twente - Dept. of Res. Methodology, Measurement, and DataAnalysis, Behavioural, Management and Social Sci., Enschede, Netherlands
Purpose: To evaluate the cost-utility and cost-effectiveness of the Dr.
Bart app compared to usual care in people with knee/hip OA, applying a
health care payer perspective.
Methods: This economic evaluation was conducted alongside a 6month randomized controlled trial, involving 427 participants. The dr.
Bart app is a stand-alone eHealth application which invites users to
select pre-formulated goals (i.e. “tiny habits”) and triggers to a healthier
lifestyle. Self-reported outcome measures were health care costs,
quality-adjusted life years (QALYs) according to the EuroQol (EQ-5D3L), and the EuroQol Visual Analogue Scale (QALY-VAS), and ﬁve subscales of KOOS/HOOS. Missing data were multiply imputed and bootstrapping was used to estimate statistical uncertainty.
Results: Mean age of participants was 62.1(SD 7.3) years, with the
majority being female(72%) (Table 1). Health care costs were lower for
the intervention group(€-22 (95% CI: -36; -3)) (Table 2). For QALY and
QALY-VAS, the probability of the dr. Bart app being cost-effective
compared to usual care was 0.71 and 0.67 at a willingness to pay(WTP)
of €10.000 and 0.64 and 0.56 at WTP €80.000, respectively. For symptoms, pain, and ADL, the probability that dr. Bart app was cost-effective
was >0.82 and for activities and quality of life <0.40, regardless of
WTPs.
Conclusions: This economic evaluation showed that costs were lower
for the dr. Bart app group compared to usual care. Given the noninvasive character of the intervention and the moderate probability of
being cost-effective for the majority of outcomes, the dr. Bart app has
the potential to serve as a tool to provide education and goal setting
regarding OA and its treatment options.

Age, Years; mean(SD)
Female, n(%)
BMI, kg/m2; mean (SD)
Main OA-location, knee; n(%)

Table 1

Dr. Bart group
(n¼214)

Control group
(n¼213)

62.1 (7.7)
147 (68.7)
27.8 (5.1)
157 (73.4)

62.1 (7.0)
159 (74.7)
27.3 (4.8)
156 (73.2)

Baseline characteristics
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Health care costs, €

-22 (-36; -3)

N/A

N/A

QALY
QALY-VAS
KOOS/HOOS

0.00 (-0.00; 0.01)
0.00 (-0.00; 0.00)

0.71
0.67

0.64
0.56

2.6 (-0.8; 5.8)

0.93

0.93

3.0 (-0.2; 6.1)

0.97

0.97

1.9 (-2.3; 6.1)

0.82

0.82

-0.7 (-5.1; 3.8)

0.37

0.37

-0.7 (-4.8; 3.2)

0.36

0.36

-

Symptoms
Pain
ADL
Activities
Quality of life

*Control group serving as reference category.

Table 2

Estimated treatment
over 6 months.

effects
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S387

participants completed all four parkruns. At each parkrun, participants
rated their conﬁdence at being able to complete the upcoming parkrun.
On average 75% (SD 6.5) of participants reported high conﬁdence over
all 4 parkruns. The majority of participants (87%, SD 1.0) enjoyed participating in parkrun. Difﬁcultly ratings varied, with 25.1% (SD 8.4)
rating the parkrun to be ‘Not difﬁcult’, 38.5% (SD 13) ‘Slightly difﬁcult’,
and 35% (SD 16) ‘Moderately difﬁcult’. Only one participant perceived
the event as “Extremely difﬁcult” for one parkrun (P3). Two non-serious
adverse events were recorded throughout the study, both of which
were due to musculoskeletal pain and did not impact study completion.
On average, acute increases in knee pain were reported after each
parkrun but the amount of increase decreased with each parkrun: P1
mean change þ0.9 (95% CI 0.005, 1.9), P2 þ0.9 (-0.33, 2.22), P3 þ0.62
(-0.54, 1.79), P4 þ0.3 (-0.7, 1.2) (Figure 1). Participants had a signiﬁcant
improvement in VAS knee pain from baseline to post intervention, a
change of -17.7mm (95% CI -29.4 to -5.9). WOMAC scores for pain,
function and stiffness also showed signiﬁcant improvements: pain
score change -60.8 (95% CI -107.2 to -14.4), function score change -209.8
(-367.0 to -52.5) and stiffness score change -38.3 (-61.1 to -15.5)). While
not statistically signiﬁcant, physical activity improved from baseline to
post intervention, a change of 759.8 MET-minutes per week (95% CI
-246.6, 1766.3) (Table 1).

PRESENTATION NUMBER: 470
UNLOCKING THE POTENTIAL OF A NOVEL SETTING TO PROMOTE
PHYSICAL ACTIVITY AMONG KNEE OSTEOARTHRITIS PATIENTSA PARKRUN FEASIBILITY STUDY
L.P. Sutton 1, A. Lahham 2, K. Jose 1, M.N. Moore 1, A. Grunseit 3,
V. Cleland 1, S. Balogun 4, T. Winzenberg 1, G. Jones 1, D. Aitken 1.
1
Menzies Inst. for Med. Res., Univ. of Tasmania, Hobart, Australia;
2
Monash Univ., Melbourne, Australia; 3 Univ. of Sydney, Sydney,
Australia; 4 Australian Natl. Univ., Canberra, Australia
Purpose: Physical activity is one of the best treatments for knee
osteoarthritis (OA), improving pain, function, and quality of life. Despite
this, knee OA patients engage in low levels of physical activity. Identifying effective, low-cost, accessible, scalable, and sustainable strategies
to promote physical activity in knee OA patients is crucial to help them
better manage their disease and reduce their risk of comorbidities.
'parkrun' is an international movement of free, 5km walk/run events
held once per week in public green spaces and represents a promising
setting for physical activity promotion. ‘parkrun’ is designed to address
many of the most common barriers to physical activity as it is free,
accessible and requires no specialised skills, training, equipment, or
clothing. In this pilot study, we aimed to establish the feasibility of using
parkrun as a novel community setting to increase physical activity
participation in knee OA patients. The secondary objective was to
evaluate the effect that parkrun had on knee OA symptoms (pain,
function, stiffness) and physical activity levels.
Methods: This uncontrolled pilot study was conducted in Tasmania,
Australia. Participants were recruited from the community via social
media and local advertising. Participants with clinically diagnosed knee
OA (American College of Rheumatology clinical criteria for knee OA) and
not meeting physical activity guidelines at baseline were asked to walk
in four consecutive parkruns (P1 to P4), supervised by a physiotherapist
or an exercise physiologist. Primary outcomes were: feasibility (measured by recruitment data- numbers screened and time to enrol 15
participants), adherence to the protocol (completing all 4 parkruns and
the full 5km distance), acceptability (measured by perceived conﬁdence, enjoyment and difﬁculty ratings), and safety measured by
number of adverse events and acute changes in knee pain during each
parkrun (assessed on an 11-point numeric rating scale (NRS)). Secondary outcomes were changes in knee pain, function, and stiffness
assessed by a visual analogue scale (VAS) and Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), and physical
activity levels assessed by the International Physical Activity Questionnaire-Short Form (IPAQ-SF). Age, sex and Body Mass Index (BMI) of
all participants was recorded.
Results: Over 11 months, 27 participants were screened and 17 were
enrolled. Participants were predominantly female (65%) with a mean
age of 66.9 years (SD 7.7) and BMI of 29.9 kg/m2 (SD 5.9). Three participants did not complete four parkruns, one of whom completed two
and two of whom completed three. Reasons for non-completion
included illness (n¼2) and difﬁculty with the distance (n¼1). Four
participants shortened the 5km course to ~3 km, three of these

Symptoms

N

Baseline
Mean (SD)

N

Post
Mean (SD)

Change
(95% CI)

Knee pain VAS
(0-100)
WOMAC pain
(0-500)
WOMAC function
(0-1700)
WOMAC stiffness
(0-200)
Physical activity
(MET mins)

17

55.1
(11.6)
232.1
(63.4)
741.4
(274.2)
100.1
(31.2)
1023.2
(639.3)

17

37.5
(18.3)
171.2
(91.3)
531.6
(251.9)
61.8
(44.6)
1772.8
(1603.1)

-17.7
(-29.4,-5.9)
-60.8
(-107.2,-14.4)
-209.8
(-367.0,-52.5)
-38.3
(-61.1, -15.5)
+759.8
(-246.6, 1766.3)

Table 1

17
17
17
17

17
17
17
16

Change in secondary outcomes
from baseline to post-parkrun
intervention
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andCartilage

Conclusions: This pilot study demonstrates feasibility in terms of
acceptability and safety. Most participants found parkrun enjoyable, not
too difﬁcult and were conﬁdent they could complete the walk. Adherence was acceptable and for those who were unable to complete the
5km distance, the parkrun track was modiﬁable to allow them to walk a
shorter distance. While the target number of participants was met,
recruitment was slow. Although an uncontrolled pilot study, participating in parkrun led to statistically and potentially clinically signiﬁcant
improvements in pain, function and stiffness. These results are
encouraging and support the development of larger, more deﬁnitive
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studies to evaluate the use of parkrun to promote physical activity in
knee OA patients.
PRESENTATION NUMBER: 471
WALK - A PILOT RANDOMIZED CONTROLLED TRIAL EVALUATING
COMMUNITY WALKING FOR KNEE OSTEOARTHRITIS
D. Aitken 1, S.J. Drummen 1, S. Balogun 2, A. Lahham 3, K. Bennell 4,
R. Hinman 4, M. Callisaya 3, T. Winzenberg 1, P. Otahal 1, Z. Wang 1,
B. Antony 1, G. Cai 1, G. Jones 1. 1 Menzies Inst. for Med. Res., Univ. of
Tasmania, Hobart, Australia; 2 Australian Natl. Univ., Canberra, Australia;
3
Monash Univ., Melbourne, Australia; 4 The Univ. of Melbourne,
Melbourne, Australia
Purpose: Exercise is considered ﬁrst-line treatment for knee osteoarthritis (OA), reducing pain and improving physical function. Despite
this, little is known of the physiological mechanisms underlying its
therapeutic benefit. MRI studies allow greater insight into structural
adaptations that may occur. To date there have been limited studies
examining the effect of exercise on MRI-assessed knee joint structure.
Before embarking on a large study to examine this effect, this pilot
randomized controlled trial (RCT) aimed to demonstrate feasibility of an
aerobic outdoor community walking intervention. The secondary
objective was to provide exploratory information on the magnitude and
direction of effect sizes for pain, function, stiffness and MRI knee
structural change.
Methods: A pilot single-centre assessor-blinded RCT was conducted in
Tasmania, Australia. Participants were recruited from the community
via social media and local advertising. Participants with symptomatic
knee OA, a bone marrow lesion (BML) present on MRI, and not meeting
physical activity guidelines were randomized to either aerobic outdoor
community walking plus usual care (walking group) or a usual care control group. Participants randomized to the walking group trained three
days/week for 24 weeks. Two walk sessions per week were performed
at outdoor locations in supervised groups of up to 10 participants and
one session per week was unsupervised. Each walk session consisted of
a 10-minute warmup, 40 minutes of aerobic walking (50-70% of heart
rate reserve), and a 10-minute cool down. Participants in the walking
group also received the same care that was provided to the usual care
group which consisted of usual standard care from their medical
practitioner and basic generic information and resources about OA.
Primary outcomes were improvements to the study design (during the
pilot or recommended), recruitment data (numbers screened and time
to enrol 48 participants), randomization by balance of characteristics in
each group, adherence by number of walking sessions completed, safety
by adverse events and retention. Secondary outcomes were changes in
knee pain, function, and stiffness assessed by a visual analogue scale
(VAS 0-100) and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), OARSI performance measures, and BMLs,
joint effusion and cartilage defects (by MRI) from baseline to 24 weeks.
Results: The target sample size was 48, which could not be achieved
due to budgetary constraints. Over 9 months, 49 individuals were
screened for eligibility, with 40 enrolled (24 randomized to walking and

Walk

VAS knee pain (0-100)
WOMAC pain (0-500)
WOMAC stiffness (0-200)
WOMAC function (0-1700)
30s Chair Stand Test
BMLs, mm2
Effusion, mL
Cartilage defects, mean grade

16 randomized to usual care). Participants mean age was 66 years (SD
1.36), mean BMI was 32.9 kg/m2 (5.3) and 24 (60%) were female.
Changes to the study design did occur and recommendations for a fullscale study have been developed. Baseline characteristics were relatively well balanced between groups. Over 24 weeks mean adherence
was 70.0% (85.1% for the ﬁrst 12 weeks and 54.9% for the second 12
weeks). All participants who withdrew (n¼7) were from the walking
group. There were more adverse events in the walking group (26 vs 8),
of which the majority were mild and classiﬁed as musculoskeletal. Over
24 weeks, the walking group had a signiﬁcant improvement in knee
VAS pain compared to the usual care group (-37.7 for the walking group
vs 3.0 for the usual care group; between group difference -40.7 [95% CI
-54.0 to -27.4]; Table 1). There were also signiﬁcant improvements
favouring the walking group for WOMAC pain, function and stiffness
and the 30s Chair Stand Test (Table 1). There were very small changes in
MRI-based structural measures over 24 weeks in each group, with the
magnitude and direction of effects shown in Table 1.
Conclusions: This pilot study demonstrates feasibility in terms of study
design, randomization, and safety. Areas for improvement include
recruitment, adherence, and retention. Recommendations for a larger
study include diversifying the recruitment strategy, boosting adherence
strategies during the second half of the intervention and considering
approaches to reduce retention in the intervention arm. Although a
pilot study, this trial showed that a community walking intervention led
to clinically and statistically signiﬁcant improvements in pain, function
and stiffness, and performance of the 30s Chair Stand Test. The changes
seen in MRI joint structure over 24 weeks can be used to inform the
development of a larger, more deﬁnitive study to determine structural
changes related to walking.
Funding: Arthritis Australia, Arthritis & Osteoporosis Tasmania, and
The University of Tasmania Better Health Theme research grant.
PRESENTATION NUMBER: 472
TRAJECTORY OF HEALTHCARE USE AT END
OSTEOARTHRITIS: A MATCHED COHORT STUDY

OF

LIFE

IN

A. Kiadaliri, M. Englund. Lund Univ., Lund, Sweden
Purpose: Previous research suggests an increasing trend in the
healthcare use towards death. However, little is known about the
healthcare use in the last year of life among patients with osteoarthritis
(OA). In this study, we aimed to ﬁll this knowledge gap by comparing
healthcare use at last year of life in persons with and without OA.
Methods: The study is based on register data for the entire population
of Skåne, the southernmost region in Sweden with a population of
about 1.3 million in 2014 (13.2% of the Sweden’s population). The
subjects were eligible for the study if they: 1) resided in Skåne in the 5
years prior to death, 2) were aged 65 years at death, 3) died between
January 1, 2003 and December 31, 2014. Among eligible subjects, we
identiﬁed those with a principal OA diagnosis (knee, hip, hand or other
location) prior to the last year of life using data from the Skåne
Healthcare Register (SHR) between 1998 and 2014 (n¼18,520). For each
OA subject, we randomly selected up to 4 comparators free of diagnosed

Usual care

Participants, n

Change, mean (95% CI)

Participants, n

Change, mean (95% CI)

24
24
24
24
24
17
17
17

-37.7 (-46.7 to -28.7)
-145.7 (-192.5 to -99.0)
-62.2 (-81.4 to -43.0)
-517.4 (-691.5 to -343.2)
3.6 (2.2 to 5.0)
-37.48 (-90.94 to 15.99)
-0.12 (-5.07 to 0.48)
0.08 (0.02 to 0.13)

16
16
16
16
16
13
13
13

3.0 (-6.4 to 12.4)
-4.8 (-54.5 to 45.0)
-6.3 (-26.6 to 14.0)
-26.6 (-220.2 to 167.0)
0.8 (-0.7 to 2.3)
-35.55 (-96.88 to 25.79)
3.09 (-2.66 to 8.83)
0.13 (0.06 to 0.19)

Between-group difference in
change, mean (95% CI)
-40.7 (-54.0 to -27.4)
-140.9 (-210.2 to -71.7)
-55.9 (-83.8 to -28.0)
-490.7 (-751.4 to -230.0)
2.7 (0.7 to 4.8)
-1.92 (-83.18 to 79.32)
-3.20 (-10.78 to 4.38)
-0.05 (0.13 to 0.04)

For continuous variables, results are generated from mixed-effects models adjusted for age, sex and corresponding baseline values.

Table 1

Change in study end points over 24 weeks follow-up between the WALK and usual care group
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OA (n¼59,945) matched by sex, age at death, and year of death (527
persons with OA did not have any matched comparator and were
excluded). We measured monthly physical healthcare consultations and
inpatient days for each individual during the last 12 months of life. We
applied two-part regression models to estimate the total and incremental healthcare use attributable to OA adjusted for sociodemographic variables and comorbidity.
Results: During the last year of life, the estimated number of healthcare
consultations per-person in the OA cohort was 18.7 (95% CI 18.4, 19.0)
versus 16.2 (95% CI 16.0, 16.3) in subjects without OA, corresponding to
an incremental healthcare consultation of 2.5 (95% CI 2.2, 2.8) perperson attributable to OA (1.2 [95% CI 1.1, 1.4] primary care consultations, 1.1 [0.9, 1.3] secondary outpatient care consultations, and 0.2
[0.1, 0.2] hospital admissions per-person). Moreover, persons with OA
spent, on average, 1.8 (95% CI 1.3, 2.1) more days in hospital than their
non-OA comparators during the last year of life. In both cohorts the
healthcare consultations and inpatient days increased towards death
(Figure 1). While excess healthcare consultations attributable to OA
declined with time to death, the opposite was seen for inpatient days
(Figure 2).
Conclusions: OA was associated with greater healthcare use during the
individuals’ last year of life. The contribution of hospital-based care
increased toward deaths and this was more pronounced among persons
with OA than those without, highlighting the need for improvement in
outpatient care for OA patients.

Figure 1 Mean monthly healthcare consultations and inpatient days

per-person, by osteoarthritis (OA) status.

Figure 2 Mean monthly excess healthcare consultations and inpatient

days per-person attributable to osteoarthritis.
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PRESENTATION NUMBER: 473
HIGH RESOURCE USE PRIOR TO ELECTIVE SURGERY FOR
OSTEOARTHRITIS ASSOCIATED WITH WORSE OUTCOMES AND HIGH
POST-OPERATIVE HEALTHCARE USE AND COSTS: A POPULATIONBASED STUDY IN ONTARIO, CANADA
M. Canizares, J. Power, A.V. Perruccio, Y. Rampersaud. The Schroeder
Arthritis Institute. Krembil Research Institute. University Health
Network; Schroeder Arthritis Inst., Krembil Res. Inst. Univ. Hlth.Network,
Toronto, ON, Canada
Purpose: Studies have shown that high healthcare resource users
represent only a small proportion of the population but consume a large
share of healthcare funding. With a focus on patients undergoing major
elective surgery for osteoarthritis (OA), the goal of this study was to
characterize healthcare resource use in the year prior to surgery and
compare peri- and post-operative outcomes as well as post-operative
healthcare use and costs across gradients of pre-operative volume of
resource use.
Methods: We identiﬁed patients who underwent elective surgery for
OA in Ontario, Canada, from April 1st, 2017 to March 31st, 2018. Data on
healthcare use for these patients were linked across health administrative databases: inpatient hospitalizations from the Discharge
Abstract Database, day surgery and emergency department (ED) visits
from the National Ambulatory Care Reporting System, physician visits
from the Ontario Health Insurance Plan physician billing database,
inpatient rehabilitation use from the National Rehabilitation Reporting
System, and home care use from the Home Care Database. For patients
aged 65 years and older, we also extracted information on their prescription drugs ﬁlled through the Ontario Drug Beneﬁts database. The
main exposure of interest was the amount of healthcare services used in
the year prior to surgery: total number of physician visits, hospitalizations, and ED visits were calculated. Patients were grouped into 4
categories based on total resource use as: high-users (Top 5%), Top 650%, Bottom 6-50%, and low-users (Bottom 5%). We calculated two perioperative outcomes: extended length of stay (length of stay >75th
percentile of the overall cohort) and adverse events that occurred
during the surgical admission. We also examined 30-day and 90-day
post-operative healthcare use measures: proportion of patients who
had hospital readmissions, unplanned ED visits, use of inpatient rehabilitation services, home care use, and ﬁlled opioid prescriptions (only
for those 65þ years). We compared peri-operative outcomes and postoperative healthcare use measures by resource use gradient using
Poisson regression models and controlling for age, sex, neighborhood
income quintiles, rural/urban residence, number of comorbidities
(measured by the Charlson Comorbidity Index), and surgical joint.
Models for post-operative opioid use also included pre-operative opioid
use. We calculated the average per-person healthcare costs for 90-days
and the year before surgery, at the time of surgery, and 90-days and the
year after surgery. Total healthcare costs were calculated using a person-centered costing approach and expressed in 2020 Canadian dollars.
Results: In 2017/18, 47 960 patients had elective surgery for OA in
Ontario: 60.0% were 65 years or older and 57.6% female. Of these, 56.6%
had knee surgery, 30.8% hip, 5.6% spine, 3.2% shoulder/elbow, 2.1% foot/
ankle and 1.7% hand/wrist. The vast majority were inpatient surgeries
(92.4%). We present overall ﬁndings, as analyses stratiﬁed by surgical
anatomical sites and across inpatient and outpatient settings yielded
consistent ﬁndings. Compared with low-users, high-users were more
likely to be female (high- vs. low-users: 63.4% vs. 52.4%), live in the
lowest income quintile neighborhoods (high-users vs. low-users: 22.7%
vs. 15.3%), and have more comorbidities (14.7% of high-users had 2þ
comorbidities compared to 8.2% among low-users). No meaningful
differences by age groups were seen. We found a monotonic increasing
trend of worse outcomes (peri-operative and post-operative) by gradient of resource use that persisted after controlling for age, sex,
neighborhood income quintiles, rural/urban residence, number of
comorbidities, and surgical joint (Table 1). For example, 2.1% of lowusers had at least one adverse event during the surgical admission
compared to 5.6% of high-users [adjusted RR¼1.80, 95% CI: (1.33, 2.41)].
One-in-ten of low-users had an extended length of stay compared to
23.2% of high-users [adjusted RR¼1.63, 95% CI: (1.42, 1.86)]. Likewise,
5.5% of low-users had hospital readmissions within 90 days of surgery
compared to 10.5% of high-users [adjusted RR¼1.82, 95% CI: (1.43,
1.2.21)]. Furthermore, among patients aged 65 years or older, 56.9% of
low-users ﬁlled prescription opioids within 30 days of hospital discharge compared to 67.9% among high resource users [adjusted

S390

Abstracts / Osteoarthritis and Cartilage 29 (2021) S10eS432

RR¼1.18, 95% CI: (1.12, 1.24)]. The total 90-day pre-operative costs for
high-users was approximately $12.4 million with a mean of $6 260 per
person [95% conﬁdence interval (95% CI): ($5 910, $6 610)] compared to
$380 000 among low-users and a mean of $90 per person [95%CI: ($70,
$110)]. Pre-operative costs among high-users accounted for 20.5% of
total 90-day costs versus only 0.6% among low-users. Although the
average spending per-person 90-days after surgery was higher for highusers [$5 860 (95% CI: 5 420, 6 300)] compared with low-users [$2 330
(95% CI: $2 2 170, $2 490)], high-users accounted for 7.8% of total postoperative spending compared to 6.6% among low-users. Similar patterns were seen when we examined costs for the year prior and after the
surgery (Figure 1).
Conclusions: We noted that healthcare use prior to OA surgery was an
important and independent factor associated with poor peri-operative
and post-operative outcomes, and this ﬁnding was consistent across
surgical joint sites and for outpatient and inpatient surgeries. We found
that high-users were more likely to be female, live in lower income
neighborhoods, and have multiple chronic conditions. We also found
that a small portion of OA patients is responsible for a disproportionate
share of elective surgery pre-operative healthcare costs. Although highusers accounted for only 5% of patients, they accounted for one-ﬁfth of
total expenditures in the year before surgery. Resource use prior to
surgery for OA appears to be an informative metric that could be used to
identify patients pre-surgery that may need targeted approaches or
resource allocation to improve outcomes and reduce overall costs.

PRESENTATION NUMBER: 474
PREVALENCE OF LUMBAR SPINAL STENOSIS SYMPTOMS IN PATIENTS
FROM PRIMARY CARE TREATED FOR KNEE OR HIP OSTEOARTHRITIS
OR LOW BACK PAIN
J.J. Young 1, 2, J. Hartvigsen 1, 3, E.M. Roos 1, C. Ammendolia 4, 5,
A. Kongsted 1, 3, S.T. Skou 1, 6, D.T. Grønne 1, R.K. Jensen 1, 3.
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Univ. of

Southern Denmark, Odense, Denmark; 2 Canadian Mem. Chiropractic
Coll., Toronto, ON, Canada; 3 Nordic Inst. of Chiropractic and Clinical
Biomechanics, Odense, Denmark; 4 Mount Sinai Hosp., Toronto, ON,
Canada; 5 Univ. of Toronto, Toronto, ON, Canada; 6 Næstved-SlagelseRingsted Hosp., Slagelse, Denmark
Purpose: Musculoskeletal multimorbidity is increasingly recognized as
an important contributor to patient disability and health system burden. The prevalence of multiple painful joints is well documented in
patients with low back pain (LBP), knee osteoarthritis (OA), and hip OA.
Emerging evidence suggests patients with lumbar spinal stenosis (LSS)
also commonly experience symptoms in peripheral joints, including the
hip and knee, in addition to their LSS. Although few prevalence estimates for multimorbid LSS and knee or hip OA are available, evidence
from secondary care settings suggests that over one-third of patients
with LSS may also have co-occurring knee or hip OA. However, prevalence estimates from primary care settings, where patients with LSS and
knee and hip OA are most frequently treated, are lacking. Moreover, a
better understanding of common LSS symptoms in patients with multimorbid knee OA, hip OA, and LBP is needed to better identify these
complex clinical presentations. Therefore, the primary objective of this
study was to describe and compare the proportion of Danish primary
care patients treated for knee OA, hip OA, or LBP reporting symptoms
associated with LSS. The secondary objective was to estimate and
compare the prevalence of symptomatic LSS between the different
conditions using two sets of published clinical criteria for LSS.
Methods: A cross-sectional analysis of baseline data from patients
participating in the Good Life with osteoArthritis Denmark (GLA:D®)
OA and Back programs, respectively, was performed. GLA:D® is a primary care treatment program for patients with symptoms or functional
limitations associated with knee and hip OA, and GLA:D® Back is a
primary care treatment program for patients seeking care for persistent
or recurrent LBP. Patients with available baseline data participating in
GLA:D® between 03 January 2019 and 30 September 2020 and in
GLA:D® Back between 30 April 2019 and 15 May 2020 were included.
Three cohorts were identiﬁed: 1) patients with a primary knee complaint (GLA:D®), 2) patients with a primary hip complaint (GLA:D®),
and 3) patients with a primary complaint of recurrent or persistent LBP
(GLA:D® Back). All patients who completed the self-report questions
assessing symptoms related to LSS upon enrolment were included in
this analysis. Patients in all three cohorts were ﬁrst asked an LSS index
question, assessing if they sometimes experience pain or numbness in
one or both legs or buttocks. Patients in GLA:D® were instructed to
answer the LSS symptom items (index and all other items) in relation to
experienced symptoms other than those from their knee or hip joints.
Patients responding “yes” to the index question then answered ten
additional LSS symptom questions related to their leg and buttock pain.
Patients answering “no” to the LSS index question did not receive any
additional LSS symptom questions, as the remaining questions assessing changes in pain and numbness in the lower extremity with differing
positions and activities would not be relevant to them, and thus, were
coded as “no”. In the primary analysis, the frequency and proportion of
patients endorsing each symptom associated with LSS were calculated
and compared for each cohort.
Additionally, select LSS symptom items were used to operationalise two
published sets of criteria for symptomatic LSS, allowing for an
approximation of the prevalence estimates for LSS in each cohort, as no
consensus reference criteria is currently available. Finally, the prevalence of symptomatic LSS according to each set of criteria was calculated
for each cohort.
Results: A total of 12,351 participants (8,012 knee OA; 3,194 hip OA;
1,145 LBP) answered the LSS symptom index question and were included in this analysis. About 69% of patients in the three cohorts were
female, with an older mean age in the knee (65.5 years; 95% CI: 65.766.0) and hip (66.7 years; 95% CI: 66.4-67.0) cohorts compared to the
back cohort (58.5 years; 95% CI: 57.6,59.3). Patients in the knee cohort
had a higher mean body mass index (29.0 kg/m2; 95% CI: 28.9-29.1)
compared to the hip (27.1 kg/m2; 95%CI: 27.0-27.3) and back (27.5 kg/
m2; 95% CI: 27.2-27.8) cohorts. Primary complaint pain intensity (NRS,
0-10, no pain to worst imaginable pain) was slightly lower in knee (4.8;
95% CI: 4.8-4.9) and hip patients (4.8; 95% CI: 4.8-4.9) than back
patients (5.5; 95% CI: 5.4-5.6) and relatively fewer knee (45%) and hip
(45%) patients reported having symptoms for greater than one year
(back 58%). Comorbid back pain was present in 66% of knee patients and
75% of hip patients, while comorbid OA was reported by 47% of back
patients. The prevalence of pain or numbness in one or both legs or
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buttocks (LSS index question) was 40% and 50% in the knee and hip
cohorts, respectively, while 70% of patients with LBP reported symptoms in one or both legs or buttocks. The prevalence of pain or
numbness in both legs or buttocks was also lower in patients with knee
and hip OA compared to patients with LBP. Overall, patients with knee
OA less often reported symptoms associated with LSS than patients
with hip OA. Patients with LBP more often reported symptoms associated with LSS than both patients with knee OA and those with hip OA.
This pattern was most obvious for the prevalence of: increased pain
when standing; decreased pain with forward bending, and; decreased
pain when using a shopping cart. The only symptom associated with LSS
that did not exhibit this pattern was the prevalence of numbness in the
soles of both feet, which was reported by about 10% in all three groups.
Detailed results are presented in Table 1.
The prevalence of symptomatic LSS, regardless of which diagnostic
criteria set was used, also followed the observed pattern found with
individual symptoms. Irrespective of criteria, the prevalence of symptomatic LSS was lower in patients with knee OA than in patients with
hip OA, while patients with LBP reported the highest prevalence of
symptomatic LSS.
Conclusions: Symptoms of LSS appear to be commonly reported by
patients being treated in primary care for knee and hip OA, although
less frequently reported than by LBP patients. Despite a high prevalence
of symptoms associated with LSS, estimates of the prevalence of
symptomatic LSS was low in all three cohorts. The ﬁndings of this study
should be interpreted with caution, as it is unknown whether patients
with knee or hip OA are able to accurately distinguish symptoms related
to OA versus LSS, and the lack of criterion diagnostic standard for LSS
limits our ability to estimate the prevalence in the three patient cohorts.

Cartilage lesion

Adjusted OR (95%)

p

MME (-) and AME (+)
MME (+) and AME (-)
MME (+) and AME (+)

1.70 (1.04 - 2.79)
2.10 (1.31 - 3.38)
5.30 (3.45 - 8.14)

0.035*
0.002*
0.001**

Reference: Subgroup without MME and AME [MME (-) and AME (-)]. p by
multinomial logistic regression. Adjusted by Sex, Age and BMI.

Table 1

Risk for cartilage lesion by the
presence of meniscus extruded
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PRESENTATION NUMBER: 475
THE RELATIONSHIP BETWEEN BASELINE SENSITIVITY TO PHYSICAL
ACTIVITY WITH CLINICAL OUTCOMES FOLLOWING AN 8-WEEK
REHABILITATION
PROGRAM
IN
PATIENTS
WITH
KNEE
OSTEOARTHRITIS
A. Teoli 1, 2, S. Robbins 1, 2, T. Wideman 1, 2. 1 McGill Univ., Montreal, QC,
Canada; 2 Lethbridge-Layton-Mackay Rehabilitation Ctr., Montreal, QC,
Canada
Purpose: Sensitivity to physical activity (SPA) is a novel measure
quantifying the pain response to standardized physical activities or
tasks. Higher levels of SPA during physical tasks are associated with
elevated scores on clinical indices of sensory hypersensitivity and
psychological risk factors in patients with knee osteoarthritis (OA).
Furthermore, higher levels of SPA have also been shown to cross-sectionally predict worse pain, function and physical performance in
patients with knee osteoarthritis (OA). However, it is unclear which
tasks are most appropriate to assess SPA in patients with knee osteoarthritis (OA). Furthermore, whether task-speciﬁc SPA changes over
time in response to a rehabilitation intervention is currently unknown
and the prospective value of SPA remains unexplored. Therefore, the
objectives of this study were to compare baseline evoked pain
responses across physical tasks and estimate the extent to which
baseline task-speciﬁc SPA measures are associated with OA-related pain
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and physical function following an 8-week rehabilitation program in
patients with knee OA.
Methods: This study will present preliminary ﬁndings from a cohort of
ﬁfty-two participants with knee OA (mean age ¼ 61 years, 36 females)
who underwent an 8-week, activity-based rehabilitation program.
Participants received one 1.5-hour treatment per week by a physiotherapist and were assigned a progressive home exercise program
throughout the intervention. Consistent with clinical guidelines, treatment focused on patient education, as well as range of motion, ﬂexibility, strengthening and aerobic exercises. The home program also
included a walking program that aimed to work up to 30 minutes of
walking per day. Outcomes were assessed at baseline and following the
8-week rehabilitation program. OA-related pain and physical function
were assessed using the Knee Injury & Osteoarthritis Outcome Score
[KOOS] pain and function in daily activities subscales. KOOS subscales
scores were converted to a 0 (extreme knee problems) to 100 (no knee
problems) scale. To determine task-speciﬁc SPA, participants verbally
rated their pain severity using a 0 (no pain) to 100 (most pain imaginable) numeric rating scale before and after ﬁve physical tasks: 30Second Chair Stand test (30CST: maximum number of chair stand
repetitions in 30 seconds), 40-Meter Fast-Paced Walk test (40FPW: time
to walk 4 x 10 meters at a fast pace), Timed-Up-and-Go test (TUG: time
to rise from a chair, walk 3 meters, turn, walk back to the chair and then
shit down), 6-Minute Walk Test (6MWT: maximal distance covered in 6
minutes) and Step Test (ST, time to step up and down from a step 30
times). The order of tasks was randomized and a 5-minute rest was
provided in between each task. Task-speciﬁc SPA indices were generated by subtracting the pre-task pain from the post-task pain for each
task. Paired samples t-tests evaluated whether the post-task pain was
signiﬁcantly greater than the pre-task pain for all physical tasks at
baseline. Paired samples t-tests also compared task-speciﬁc SPA, as well
as OA-related pain and physical function (KOOS subscale scores) at
baseline and 8 weeks. Pearson correlations examined whether baseline
task-speciﬁc SPA measures were associated with OA-related pain and
physical function following the 8-week rehabilitation program.
Results: The 30CST (6-point increase, p<0.001), 40FPW (9-point
increase, p<0.001), 6MWT (14-point increase, p<0.001) and ST (20point increase, p<0.001) elicited a statistically signiﬁcant increase in
pain at baseline. A clinically meaningful increase in pain (20-point
increase on a 100-point scale) was seen in 19% of patients for the 30CST,
29% for the 40FPW, 0% for the TUG, 37% for the 6MWT and 44% for the
ST. There was a statistically signiﬁcant reduction in self-reported pain
(mean difference:-9.3, p¼0.001) and physical function (mean difference: -5.9, p¼0.015) following the 8-week rehabilitation program.
However, task-speciﬁc SPA did not signiﬁcantly differ from baseline to 8
weeks (p>0.05). Baseline task-speciﬁc SPA measures were not signiﬁcantly associated with OA-related pain and physical function following the 8-week rehabilitation program (r ¼ -0.230 to 0.251, p>0.05).
Conclusions: All physical tasks except for the TUG elicited a signiﬁcant
increase in pain in patients with knee OA. The preliminary results of this
study would suggest that OA-related pain and physical function, but not
task-speciﬁc SPA, signiﬁcantly improved following the 8-week rehabilitation program. Furthermore, baseline task-speciﬁc SPA measures
were not associated with OA-related pain and physical function following the 8-week rehabilitation program. This may be explained by
the fact that the majority of patients with knee OA did not experience a
clinically important increase in pain following the physical tasks at
baseline. Therefore, the physical tasks may not have been evocative
enough to elicit a clinically important increase in pain and could have
inﬂuenced the prospective relationship with clinical outcomes following the 8-week rehabilitation program. There may be a potential value
of using a more tailored approach (i.e. tailoring the intensity of the
physical task to individual pain levels) to measuring SPA in patients
with knee OA. The latter may help to mitigate ﬂoor and ceiling effects
and potentially improve responsiveness and predictive values.
PRESENTATION NUMBER: 476
TEMPORAL TRENDS IN KNEE ARTHROSCOPY SURGERY IN ONTARIO,
CANADA, FROM 2004 TO 2018: THE INFLUENCE OF NEW EVIDENCE
ON CHANGES IN PRACTICE
Y. Rampersaud, M. Canizares, M. Zywiel, T. Leroux. The Schroeder
Arthritis Institute. Krembil Research Institute. University Health
Network; Schroeder Arthritis Inst.. Krembil Res. Inst.. Univ. Hlth.Network,
Toronto, ON, Canada
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Purpose: Knee arthroscopy surgery is a procedure commonly used for
the treatment of knee pain due to meniscal disorders and osteoarthritis
(OA). Emerging evidence has led to signiﬁcant changes in recommendations and, in some cases, funding for knee arthroscopy in
patients with osteoarthritis (OA) and degenerative meniscal tears. It
remains unclear how this evidence has inﬂuenced arthroscopy practices over time. Therefore, with this study we aimed to describe temporal
trends in the volume of knee arthroscopy in Ontario, Canada from 2004/
05 to 2018/19 (overall and by diagnosis: OA, degenerative meniscal
disease, and other (e.g. meniscal trauma, patella disorders)) and in
progression rates to knee arthroplasty within 1-year, 2-years, and 5years of knee arthroscopy. We also examined the association between
arthroplasty progression rates with sex, age, comorbidity, healthcare
use in the year before knee arthroscopy, income, rurality, hospital type,
hospital volume, and surgeon volume.
Methods: Our study cohort included all patients who underwent knee
arthroscopy from March 1st, 2004 to March 31st, 2019 in Ontario,
Canada. The main data sources for this study were the National
Ambulatory Care Reporting System, the Discharge Abstract Database,
the Ontario Health Insurance Physician billings database, and the Registered Persons Database. These databases were linked using unique
encoded identiﬁers. For the ﬁrst objective we calculated the number of
patients who had knee arthroscopy by year. For the second objective we
calculated knee arthroplasty progression rates within 1 year, 2 years
and 5 years following knee arthroscopy as the proportion of the cohort
with knee arthroplasty with this minimum period of follow-up. For this
analysis knee arthroplasty procedures were matched by the side of
previous knee arthroscopy. We used modiﬁed Poisson regression
models to assess the association between progression rates with sex,
age, comorbidity, healthcare use in the year before knee arthroscopy,
income, rurality, hospital type, hospital volume, and surgeon volume. To
investigate whether the relationship between covariates and the outcomes differed by the year of surgery, we added two-way interaction
terms between year of surgery and each covariate. All analyses were
stratiﬁed by diagnosis (OA, degenerative meniscal disease, and other
(e.g. meniscal trauma, patella disorders)) associated with knee arthroscopy. We described associations between outcomes and exposures and
covariates using rate ratios (RRs) with corresponding 95% conﬁdence
intervals (CIs).
Results: Overall, there was a 22.4% increase in the number of knee
arthroscopies performed between 2004/05 and 2012/13 followed by a
25.6% decline until 2018/19 (24 100 in 2004/05, 29 500 in 2012/13, and
21 900 in 2018/19). There were marked differences in the volume of
arthroscopies by diagnosis across the study years. Between 2004/05
and 2018/19, there was a steady declined in the number of patients
undergoing arthroscopy for OA, from 4 600 in 2004/05 to 1 140 in 2018/
19, a 75.2% decline. In contrast, between 2004/05 and 2013/14, the
number of cases with degenerative meniscal disease increased by 56.4%
% and in parallel the number of procedures for OA declined by 57.5%.
Noticeably, the number of procedures for degenerative meniscal disease
declined by 32.4% from 2013/14 to 2018/19 (Figure 1).
Over the study period, knee arthroplasty progression rates were signiﬁcantly higher among OA patients (1-year rate 3.8%, 2-year rate 7.6%
and 5-year rate 16.0%), follow by degenerative meniscal disease (1-year
rate 1.3%, 2-year rate 3.5% and 5-year rate 6.2%), and other diagnoses (1year rate 0.6%, 2-year rate 1.7% and 5-year rate 3.5%). There was a signiﬁcant decline in the 1-year and 2-year progression rates in all diagnosis groups while the 5-year rate declined for patients with OA
(Figure 2a) and for patients with other knee conditions (Figure 2c),
while the rates remained stable for patients with degenerative meniscal
disease (Figure 2b). The inclusion of patient, surgeon, and hospital
characteristics did not explain the time trend. Results for the 1-year, 2year and 5-year rates were consistent; as such ﬁndings for the 2-year
rate are presented. No interactions between year of surgery and these
factors were identiﬁed, indicating that the effect of these factors on the
progression rates did not vary over time. Across all diagnosis groups, the
2-year rate increased with increasing age [RR¼1.25, 95% CI: (1.23, 1.26)]
for OA and [RR¼1.41, 95% CI: (1.40, 1.42) for degenerative meniscal
disease], was higher for female patients, and among rural residents.
Meaningful associations between neighborhood income quintile and
the progression rate was only seen among patients with degenerative
meniscal disease, with individuals in the lowest neighborhood income
quintile being more likely to undergo arthroplasty than those in the
highest quintile [RR¼1.12; 95% CI (1.04, 1.21)]. Patients with higher
comorbidity count and patients with higher resource use one year

before their knee arthroscopy were also more likely to undergo
arthroplasty. Notably, the effect of comorbidity on the progression rate
was substantially reduced after accounting for resource use in the year
prior to the arthroscopic procedure. This was particularly true for the
OA group for which comorbidity was no longer signiﬁcant in the fully
adjusted model. Hospital type and hospital volume were no longer
signiﬁcantly associated with the progression rate in the fully adjusted
models. Both surgeon volume of knee arthroscopy and of knee arthroplasty remained signiﬁcantly associated with the progression rates.
Conclusions: Our results suggest a reduction in the use of knee
arthroscopy in Ontario likely related to the release of guidelines recommending against the use of arthroscopy in patients with OA. We also
found a reduction in the knee arthroplasty progression rates among
patients with OA over time. These trends occurred prior to recent
arthroscopy funding changed in Ontario. Further determination of who
will and will-not respond to knee arthroscopy is needed.

PRESENTATION NUMBER: 477
PROSPECTIVE STUDY ON SELF-REPORTED PAIN, PHYSICAL
FUNCTIONING, AND PATIENT BENEFIT OF A GROUP-/HOMEBASED
VERSUS
A
WEIGHT-MACHINE
SUPPORTED
EXERCISE
INTERVENTION
FOR
PATIENTS
WITH
HIP
OR
KNEE
OSTEOARTHRITIS IN HEALTH SERVICES RESEARCH
I. Roesel 1, 2, G. Mueller 3, P. Martus 1, I. Krauss 2. 1 Inst. for Clinical
Epidemiology and Applied Biometry, Univ. Hosp. Tuebingen, Tuebingen,
Germany; 2 Dept. of Sports Med., Med. Clinic, Univ. Hosp. Tuebingen,
Tuebingen, Germany; 3 Allgemeine Ortskrankenkasse AOK, BadenWuerttemberg, Germany
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Purpose: Exercise is recommended as a ﬁrst line treatment for patients
with hip/knee osteoarthritis (OA). However, knowledge on optimal
dosage and type of exercises in general, as well as from an individualized perspective is still insufﬁcient. Health services research should
therefore focus on the implementation of such treatment strategies to
investigate their beneﬁt and to answer open questions related to different health promotion settings. The primary aim of this analysis was
to evaluate and to compare the short-term effectiveness of two interventions on exercise therapy in hip and knee OA provided by trained
health professionals of a statutory health insurance provider.
Methods: This study is a secondary analysis of two trials investigating
the effectiveness and efﬁciency of a 12þ12-week strengthening program by use of weight-machines and functional training elements
(MbT, 2-1/week) and an 11-week combined group- and homebased
training with a similar focus on strengthening and functional exercises
(GrT). GrT comprised 8 supervised group sessions (1/week) and 22
home sessions (2/week, 8 weeks þ advice to continue for another 3
weeks). GrT was offered country-wide, MbT was a pilot offer available at
two sites of the country. Customers of the health insurance company
suffering from OA were eligible to participate in case of a medical
referral issued by an orthopedist or general practitioner. Objectives of
this analysis were to evaluate the change of outcomes within and
between GrT and MbT. Effectiveness was quantiﬁed by the primary
endpoints pain and physical function, subscales of the WOMAC Index
3.1 NRS with 0¼no pain/limitation and 10¼worst pain/limitation. They
were assessed prior (T0) and immediately after the intervention period
for GrT and the ﬁrst 12-week intervention phase for MbT, respectively
(T1). Additionally, self-reported exercise-related pain (yes/no), its frequency and duration and perceived overall beneﬁt of the exercise
intervention were quantiﬁed at T1. Moreover, adherence to training
sessions was recorded. According to the Intention-to-Treat (ITT) principle, the presented analysis was applied to all available data of subjects
who provided data at T0 in the primary endpoints. Effectiveness was
analyzed using linear mixed models (LMMs) for the two endpoints with
a random intercept across participants. Factors and continuous covariates (age, sex, BMI, site of OA, artiﬁcial joint replacement at baseline
and training adherence) which could potentially affect the outcomes
were selected using forward selection. In the ﬁnal multivariable linear
mixed models, all variables with a p-value of less than 0.05 and clinically important variables were kept in the models. Signiﬁcant main
effects for time were followed by the calculation of effect sizes (Cohen’s
d). Other outcomes were reported on a descriptive basis. The level of
signiﬁcance was set at 0.025 (two-sided, Bonferroni correction) for both
primary endpoints. Both underlying trials are registered at the German
Clinical Trial Register: DRKS00009257 and DRKS00009251.
Results: Of originally 670 participants (GrT¼534, MbT¼136) at baseline
T0, 81 (12.1%) (GrT¼67, MbT¼14) were lost to follow-up (T1). A total of
637 (GrT¼521, MbT¼116) provided data in the primary outcomes at
baseline and were included in our analysis. Almost three times more
females than males participated in GrT, whereas in MbT the gender
ratio was balanced. On average, participants in group MbT were
younger than in group GrT.

Joint replacements were less frequent in the MbT group (Table1). In
both intervention groups over 90% of the participants adhered to at
least 75% of all scheduled training sessions.The ﬁnal multivariable
mixed models were adjusted for age, sex, BMI, site of OA and artiﬁcial

S393

joint replacement. Estimated WOMAC pain and physical function scores
over time are depicted in Figure 1.

In both primary outcomes, the differences between the groups over
time (time x group) did not reach statistical signiﬁcance (pain: p¼.86,
function: p¼.10), however, there were within-group beneﬁts for GrT
and MbT over time in both endpoints (pain, function: p<.0001). The
average pain score signiﬁcantly decreased by -0.56 points in the GrT
(p<.0001, Cohen’s d¼0.69) and by -0.53 points in the MbT (p¼.0001,
Cohen’s d¼0.36). Within-group comparisons over time for the WOMAC
function scores also showed signiﬁcant improvements with a change of
-0.16 points in GrT (p¼.012, Cohen’s d¼0.23) and an average decrease of
0.37 points in the MbT (p¼.0013, Cohen’s d ¼ 0.30) (Table 2).

Several baseline variables were signiﬁcantly associated with the outcomes: A higher BMI (pain: betaBMI¼0.06; p¼.0002; function:
betaBMI¼0.07; p<.0001) was associated with a lower reduction in pain
and less improvement in functioning; the same accounted for higher
age (function: betaage¼0.017; p¼.017) and having OA in both knee and
hip joints (pain: betakh¼0.86; p<.0001; function: betakh¼0.81;
p<.0001). An artiﬁcial joint at an additional site other than the OA
affected joint was associated with less pain (function: betaaj¼-0.81;
p<.001). Forty to 46% of the responding participants indicated pain
during exercise. Exercise-related pain indicators and perceived overall
beneﬁt of exercise training are outlined in Figure 2. 78% of the
responding participants of GrT stated a (very) high beneﬁt, 92% in the
MbT.

Conclusions: Results of this analysis show signiﬁcant beneﬁcial
changes in pain and physical functioning after both interventions with
medium (MbT) to large (GrT) effect sizes for pain and small effect sizes
for physical function in both interventions. No statistically signiﬁcant
between-group differences were found. However, there is a tendency
towards a superiority of MbT for WOMAC physical function. Despite
frequent presence of pain during and after exercising, the majority of
participants perceived a high to very high overall beneﬁt. Limitations: A
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causal relationship of the interventions on health beneﬁts cannot be
determined without a control group. Ongoing separate studies for GrT
and MbT will compare results with a non-intervention control group
with participants recruited via the insurance data base by use of propensity score matching. Despite this limitation, our analysis displays the
overall patient beneﬁts of exercise interventions in the community.
Exercise-induced pain is not uncommon, however the overall beneﬁt of
the intervention does not appear to be impaired by this. The analysis
also shed light upon various factors reducing or increasing the response
to treatment. These factors underline a person-oriented perspective in
exercise interventions.
PRESENTATION NUMBER: 478
DOES AN 8-WEEK EXERCISE INTERVENTION IMPACT KNEE-RELATED
SYMPTOMS 3-15-YEARS FOLLOWING INTRA-ARTICULAR KNEE
INJURY? A PILOT RANDOMIZED CONTROLLED TRIAL
€isa
€nen 1, J. Whittaker 2, 3, C. Toomey 1, 4, K. Pasanen 1, 5,
A.M. Ra
C.A. Emery 1. 1 Univ. of Calgary, Calgary, AB, Canada; 2 Univ. of British
Columbia, Vancouver, BC, Canada; 3 Arthritis Res. Canada, Richmond, BC,
Canada; 4 Univ. of Limerick, Limerick, Ireland; 5 UKK Inst. for
Health.Promotion Res., Tampere, Finland
Purpose: Knee injury has been established as a risk factor for developing osteoarthritis. It is not known if post-traumatic osteoarthritis can
be prevented or delayed following a knee injury. It has been established
that symptoms (e.g., knee-related pain, stiffness, locking etc.) and
functional deﬁcits (i.e., quadriceps weakness, balance, hopping performance) can persist for years following an intra-articular knee injury.
We hypothesized that a neuromuscular training program that targets
quadriceps strength and frontal plane knee control could improve kneerelated symptoms in young adults 3 to 15 years after an injury. Furthermore, it is possible that improved function could reduce the risk or
delay the onset of osteoarthritis, the illness. The purpose of this study
was to describe the effect of pilot 8-week physiotherapist-led neuromuscular training intervention on self-reported knee symptoms in
individuals with a 3 to 15-year history of a youth sport-related intraarticular knee injury.
Methods: This is a preliminary analysis of a pilot stepped-wedge
randomized controlled trial. Participants include a sub-sample of the
Alberta Youth Prevention of Early Osteoarthritis (PrE-OA) historical
cohort who experienced a time-loss, medical attention youth sportrelated intra-articular injury 3-15 years previously. The present study is
limited to the participants who completed their baseline testing before
the in-person testing and exercise intervention were cancelled due to
the coronavirus pandemic. After providing informed consent and
completing a baseline Knee Injury and Osteoarthritis Outcome Score
(KOOS) questionnaire, participants were randomly assigned to immediate (intervention) and 8-week delayed (control) groups in permuted
blocks of varying size and stratiﬁed during randomization by sex. To
ensure allocation concealment, the trial biostatistician, who was not
involved in participant recruitment or the intervention, generated the
randomization sequence. The allocation was concealed in a computer
ﬁle only accessible by the biostatistician and a designated research
assistant. Once the baseline KOOS was completed, the physiotherapist
leading the intervention contacted the research assistant who provided
the randomization information. As a result, the study physiotherapist
(AMR) was not blinded to group status. The KOOS was repeated at 8weeks. The 8-week intervention consisted of twice weekly 60-minute
physiotherapist-led group exercise classes and once weekly 30-minute
independent home exercise session. Exercise classes were delivered in a
multi-purpose room at the University of Calgary using standard exercise
equipment (e.g., step boards, mats, 5-15 pound dumbbells). Each class
consisted of a warm-up, three sets of seven exercises (i.e., squats, singleleg squats, lunges, jumping and landing, hip adductor strength, hamstring strength, trunk control), followed by ﬁve minutes of exercises
addressing additional functional movement patterns (e.g. lateral
movements, deceleration). Each exercise had 4 to 6 levels of

progression. Decision to progress to the next level was shared between
the physiotherapist and the participant. Knee-related pain was monitored at the beginning and end of each class and 24 hours following the
class. The primary outcome was the change in KOOS Symptoms subscale score from baseline to 8-week intervention/delay. This subscale is
comprised of 7 questions, each scored on 5-point Likert scale, ranging
from no problems to extreme problems. The scores were totalled and
the total was transformed to a 0-100 scale with higher scores indicating
better outcome. Between-group differences in KOOS symptoms change
were assessed with the Mann-Whitney U test (p < 0.05).
Results: Nineteen participants were recruited and randomized to
immediate (n¼10) and delayed (n¼9) exercise program delivery. One
participant dropped out of the immediate delivery and three participants in the delayed delivery group were unable to participate in the
follow-up testing due to COVID-19-related restrictions. Fifteen participants were included in the analysis. Nine participants (6 women, 3
men; age 27.6±3.2 years; height 170.2±9.6 cm; weight 86.5±17.7 kg;
body mass index 30.1±7.2) completed the 8-week intervention and 6
participants (3 women, 3 men; age 25.7±2.2 years; height 176.1±8.3
cm; weight 82.2±11.2 kg; body mass index 26.5±2.3) in the delayed
group served as controls. Scores for the KOOS subscales are presented in
Table 1. The median change in symptoms from baseline to 8-week
follow-up was -3.6 (range -10.7 to 3.6) in the immediate and -1.8 (range
-3.6 to 3.6) in the delayed group. There was no statistically signiﬁcant
difference (p¼0.22, Z¼ -1.33) in the change in the symptom score
between those completing the intervention and the delayed group over
the 8-week period. The change in the KOOS Symptom subscale for each
participant is presented in Figure 1.
Conclusions: There were no differences found between groups when
comparing change in knee-related symptoms in individuals 3-15 following an intra-articular knee injury after an 8-week exercise intervention, compared to those waiting for the intervention. Some
individuals reported more knee-related symptoms after the intervention, even though the exercises were adapted for individual needs
and pain was monitored. It is important to bear in mind that the change
in the KOOS symptoms score in both groups is less than the Minimal
Detectable Change that previous studies have reported to be 5 to 8.5
points in populations with knee injury. It is possible that the increased
focus on the knee during the study leads to decreased scores in kneerelated symptoms at follow-up. It should also be taken into consideration that it is possible that the 8-week intervention is too short to
elicit positive changes in knee-related symptoms. In the future, the
impact of an exercise intervention on knee-related symptoms will be
explored in a larger group to allow for more robust analysis in which
potentially confounding factors can be considered (e.g., time since
injury, sex).
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Subscale

Immediate intervention (n¼9)
Baseline

Pain
Symptoms
Activities of daily living
Sport/Rec
Quality of life

Table 1

91.7
82.1
98.5
88.9
91.7

(83.3
(67.9
(97.1
(80.6
(72.2

Delayed intervention (n¼6)
Follow-up

to
to
to
to
to

100)
100)
100)
94.4)
94.4)
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88.9
82.1
98.5
88.9
88.9

(47.2
(57.1
(58.8
(72.2
(80.6

to
to
to
to
to

100)
100)
100)
100)
94.4)

Baseline

Follow-up

91.7 (88.9 to 100)
89.3 (75.0 to 100)
100 (98.6 to 100)
94.4 (80.6 to 100)
98.4 (75.0 to 100)

97.2
91.1
99.2
93.1
91.7

Knee injury and Osteoarthritis Outcome Score subscale medians (range) at baseline and follow-up by group

PRESENTATION NUMBER: 479
PATIENT EDUCATION FOR KNEE OSTEOARTHRITIS SYSTEMATIC
REVIEW AND META-ANALYSIS
A. Goff 1, 2, D. de Oliveira Silva 2, M. Merolli 3, E. Bell 2, K. Crossley 2,
C. Barton 2. 1 Singapore Inst. of Technology, Singapore, Singapore; 2 La
Trobe Univ., Melbourne, Australia; 3 the Univ. of Melbourne, Melbourne,
Australia
Purpose: Patient education, exercise-therapy, and weight management
are guideline recommended ﬁrst-line treatments for people with knee
osteoarthritis. Recent high-quality evidence syntheses support the
effectiveness and cost-effectiveness of exercise-therapy and weight
management. The most recent comprehensive high-quality published
synthesis of evidence for patient education for knee osteoarthritis on
pain and function was in 2012. The primary aim of this review was to
determine the efﬁcacy of patient education for knee osteoarthritis as a
standalone intervention, and in combination with other interventions for
pain and function. Secondary aims of this review were to evaluate psychological outcomes and compare modes of patient education delivery.
Methods: This systematic review of randomized-controlled trials with
meta-analysis was registered in PROSPERO (CRD42019122004). MEDLINE, EMBASE, SPORTDiscus, CINAHL, and Web of Science were
searched in April 2020. Two reviewers independently determined eligibility. Mean and standard deviations for primary and secondary
outcomes were extracted from included trials and pooled where possible to calculate standardized mean differences (SMD). Credibility of
results was determined using Grading of Recommendations, Assessment, Development and Evaluations (GRADE).
Results: Thirty-three trials (4,866 participants) were included. Verylow credibility evidence indicates that education is superior to usual
care for pain in the short-term ((SMD; 95% CI) ¼ -0.29; -0.45 to -0.14))
and function in the short- (-0.27; -0.43 to -0.10) and medium-term
(-0.18; -0.33 to -0.03); but inferior to exercise-therapy for pain in the
short- (0.53; 0.32 to 0.73) and long-term (0.21; 0.04 to 0.39), and
function in the short-term (0.35; 0.08 to 0.63). Low- to very-low credibility evidence indicates that education combined with exercise-therapy is superior to exercise-therapy alone for function in the short-term
(0.68; 0.36 to 0.99) and compared to education alone for pain in the
short-term (0.41; 0.23 to 0.59); and function in the short- (0.81; 0.54 to
1.08), medium- (0.39; 0.15 to 0.62); and long-term (0.32; 0.09 to 0.56).
Very-low credibility evidence indicates that that education is superior
compared to usual care (0.51; -0.77 to -0.25) and exercise therapy
(-0.90; -1.22 to -0.58) for pain coping; and education and exercisetherapy is superior to education alone for self-efﬁcacy (0.51; 0.20 to
0.81) in the short-term. Very-low credibility indicates that therapistfacilitated education produces similar short- and long-term outcomes
for pain (0.03; -0.29 to 0.22; and -0.06; -0.33 to 0.21) and function (0.09;
-0.20 to 0.38; and -0.04; -0.35 to 0.26) compared to self-directed
education.
Conclusions: Wherever possible patient education should be combined
with exercise-therapy due to likely greater short-term improvements in
pain compared to patient education alone and short- to long-term
improvements in function compared to either intervention alone.
Although patient education produced superior outcomes compared to
usual care differences are small and may not be clinically important,
questioning its value in isolation. Findings from this review should be
used to inform future guidelines and clinical practice.

(80.6
(71.4
(95.6
(77.8
(77.9

to
to
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to
to

100)
96.4)
100)
100)
100)
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PRESENTATION NUMBER: 480
FUNCTIONAL MANIFESTATION IN PATIENTS WITH EARLY KNEE
OSTEOARTHRITIS TOWARD THE PRESERVATION OF JOINT HEALTH
-A SYSTEMATIC REVIEW AND META-ANALYSIS
K. Shimoura 1, 2, H. Shimizu 1, H. Iijima 1, 3, Y. Suzuki 4, T. Aoyama 1. 1 Kyoto
Univ., Kyoto, Japan; 2 Japan Society for the Promotion of Sci., Tokyo, Japan;
3
Keio Univ., Yokohama, Japan; 4 Niigata Univ. of Health.and Welfare,
Niigata, Japan
Purpose: Knee osteoarthritis (KOA) is a degenerative and irreversible
disease that causes knee pain and dysfunction. While traditional
radiographic diagnosis for KOA is based on the criteria of Kellgren/
Lawrence (K/L) grade 2, the disease pathogenesis and functional deterioration may start much earlier than generally appreciated, as indicated by clinical evidence that individuals with K/L grade 1 have been
predicted to progress to at least grade 2 within 10 years. Thus, the
earlier stage of KOA is considered to be an important stage for preservation of joint health and quality of life. However, functional alteration
in people with early KOA has not been revealed. Identiﬁcation of
functional manifestation in early KOA would be a ﬁrst step to establish
functional screening methods that would accelerate establishing novel
diagnostic criteria and effective rehabilitation approaches. This systematic review and meta-analysis aimed to summarize functional
changes including muscle, biomechanics, or functional performance in
people with early KOA.
Methods: This systematic review from case-control cross-sectional
studies was conducted according to the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) statement. Two
independent reviewers performed literature search in September 2020
using the electronic database of PubMed, PEDro, Cochrane CENTRAL
and Google Scholar. In this review, early KOA was deﬁned & K/L grade
2-(: osteophytes only). This review included articles (1) containing the
early KOA group and healthy control group and (2) measuring functional outcomes. Meta-analysis was conducted for the functional outcomes when more than 2 articles are included. Pooled standardized
mean differences (SMD) were calculated using a random-effects model.
Results: In total, 315 participants (168 healthy control participants, 147
individuals with early KOA) from nine articles were included in this
systematic review. Seven studies use classification criteria for early KOA:
presence of knee pain, K/L grade 0, 1, or 2-, and presence of two of four
MRI criteria: (a) Boston-Leeds Osteoarthritis Knee Score(BLOKS) grade 2
for size cartilage loss, (b) BLOKS grade 2 for percentage full-thickness
cartilage loss, (c) signs of meniscal degeneration and (d) BLOKS grade 2
for size of bone marrow lesions in any one compartment. Two Studies
include individuals who have K/L grade 1 and knee pain as early KOA.
Functional outcomes included (1) knee extension muscle strength at
knee ﬂex 60 and 90 , (2) external knee ﬂexion and adduction moment
during walking, (3) walking speed, (4) Timed up and go test (TUG) time,
and (5) 5 stair climbing test. Meta-analysis showed that individuals with
early KOA displayed signiﬁcantly weaker knee extension muscle at knee
ﬂex 60 (pooled SMD: -1.12; 95% conﬁdence interval [CI]: 1.63 to
0.61). In addition, these patients displayed signiﬁcantly lower functional performance as evidenced by longer TUG time (pooled SMD: 0.59;
95% CI: 0.23 to 0.96). On the other hand, biomechanics (external knee
ﬂexion and adduction moment during walking) was similar across the 2
groups. Interestingly, other functional performance tests (walking speed,
and 5 stair climbing test) were also similar across the 2 groups,
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suggesting that deterioration in comprehensive functional tasks (i.e.,
TUG) may be more sensitive for identifying early KOA rather than typical
level walking at comfortable speed.
Conclusions: This review identiﬁed weaker quadriceps muscle strength
and slowed TUG as functional manifests associated with early KOA. The
evidence of functional decline in early KOA provides novel insight into
the clinical diagnosis of early KOA and disease trajectory. Further research
is warranted to determine whether evaluating walking including some
tasks at a higher speed like TUG or to examine knee extension muscle
strength in knee ﬂex 60 is effective in detecting early KOA.

to touch down with the affected leg can easily progress with single-leg
landings. The medical staff is encouraged to use this valuable test to
guide early rehabilitation progressions and to gain additional information for the decision process. Contrary to expectations, the differences between both hop tests could not be associated with the selfreported activity level. Further experiments should focus on the ability
to use the differences between both tests to judge patients’ readiness to
return to more demanding activities.
Acknowledgements: This study was partly supported by a grant from
the German Knee Society (DKG).

PRESENTATION NUMBER: 482
RESULTS OF A MODIFIED FRONT HOP TEST FOR DECISION-GUIDING:
FEASIBILITY, VALIDITY, AND RELIABILITY
E. Kurz 1, 2, M. Keller 2, W. Schoch 3, T. Stein 4, 5. 1 Martin-Luther-Univ.
Halle-Wittenberg, Halle (Saale), Germany; 2 OSINSTITUT ortho & sport,
Munich, Germany; 3 PULZ, Physiotherapie und Lauftherapie Zentrum im
Rieselfeld, Freiburg, Germany; 4 SPORTHOLOGICUM Frankfurt, Ctr. for
Sport- and Joint Injuries, Frankfurt am Main, Germany; 5 Inst. of Sports
Sci., Goethe Univ. Frankfurt, Frankfurt am Main, Germany
Purpose: Since the 1990s, hop tests have been increasingly used to
judge neuromuscular performance of injured or surgically treated
patients prior to return to sports. Increased expectations of patients
regarding the outcome after the rehabilitation process required
advances in therapy. In rehabilitation settings, hop tests are applied to
guide and adjust progressions in active and sporty participants.
Accordingly, the front hop for distance constitutes one of the major
physical as well as mental barriers in the rehabilitation process. From
the physical perspective, high impacts occurring after the ﬂight phase
need to be tolerated. Additionally, patients are frequently limited due to
their fears of landing on the affected leg. In order to better prepare
patients and to reduce their anxieties, bilateral landings can be used to
reduce the challenges mentioned. Thus, this study was designed to
prove the feasibility, validity, and reliability of a modiﬁed front hop test
in active participants after anterior cruciate ligament (ACL) surgery.
Further, we were interested in the relationship between front hop
performance and participants’ current Tegner score.
Methods: Forty-seven active participants (age: 30 (SD 12) years; 19
females) participated 24 (SD 14, 10-79) months post-surgery in this
cross-sectional design. Their current Tegner activity scale (TAS) ranged
between two and ten (males: 2-10, females: 3-9). Participants performed a modiﬁed front hop (MFH) and the front hop for distance (FHD,
Figure 1). The tests were performed with athletics shoes and with
participants’ arm movements in a natural fashion. Beginning with the
uninjured side, participants performed at least two familiarization trials
for each limb and test, followed by three measured and recorded trials.
For comparison, data was normalized to participants’ lower limb length
(LLL). Linear associations between the FHD and the MFH were explored
using Pearson’s product moment correlation analyses. Relative reliability was estimated using intraclass correlation coefﬁcients (ICC,
model 3,1). Absolute reliability estimates are given as standard error of
measurement (SEM). Differences between tests were explored using
Student’s paired t test. Effect size is given as Cohen’s d. Additionally, the
differences between the distances of FHD and MFH of the injured side
served as performance outcome and were related to the participants’
TAS using Spearman’s rank correlation (r).
Results: Participants felt safer and less strained with the MFH. Hence,
fewer failed attempts were recorded for the MFH (28/282 trials; 10%) as
compared with the FHD (78/282 trials; 28%). For detailed absolute as
well as normalized results, please refer to Table 1. Linear correlations of
the best trials revealed strong positive associations (injured: r ¼ 0.86,
Figure 2; uninjured: r ¼ 0.92; p < 0.001) between the FHD and the MFH.
Within-session ICC values were excellent (< 0.94) for both front hop
tests, independent of the side examined. The SEM values were smaller
for the MFH (injured: 5.6 cm, uninjured: 5.8 cm) as compared with the
FHD (injured: 6.1 cm, uninjured: 7.9 cm). Comparisons between tests
showed large differences of normalized values (injured: t ¼ 10.6, p <
0.001, d ¼ 1.5; uninjured: t ¼ 10.2, p < 0.001, d ¼ 1.4) between hop tests
examined. No association was found between participants’ front hop
performance and TAS (r ¼ -0.07, p ¼ 0.6, Figure 3).
Conclusions: This data showed that the modiﬁed front hop was found
to be a feasible, valid, and reliable tool to judge neuromuscular performance after ACL surgery. If the aim is to enhance safety, landing on
both feet should be utilized. In contrast, patients who are free from fears

Males
(cm)
(%LLL)
Females
(cm)
(%LLL)

MFH
injured

MFH
uninjured

FHD
injured

FHD
uninjured

180 (26)
120-218
186 (27)
124-230
137 (30)
72-187
152 (32)
80-199

181 (25)
122-219
187 (27)
128-231
136 (36)
51-192
151 (38)
57-205

150 (32)
81-195
155 (35)
86-205
108 (34)
38-163
120 (38)
42-190

158 (24)
112-197
164 (26)
119-211
119 (33)
54-167
132 (36)
59-194

Absolute
and
normalized
results for the examined front
hop tests stratiﬁed by sex.
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Figure 1 Examined front hop tests. For the modiﬁed front hop (MFH,

left panel), test landing is performed bilaterally.

Figure 2 Relationship between the front hop for distance (FHD) and

the modiﬁed front hop (MFH) for distance tests performed at the
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injured side. Values are normalized to participants’ lower limb
length (LLL).

Characteristics

Self-reported OA location
Hip
Knee
Education
Havent graduated high school
High school
College / University degree
Work situation
Studying
Working
Sick leave, full time
Sick leave, part time
Unemployed
Retired

Figure 3 Relationship between the front hop performance (difference

between modiﬁed front hop (MFH) and front hop for distance (FHD)
tests) at the injured side and the individuals’ Tegner score.

Table 1

Number of
patients, N

Percentage of
patients, %

1789
2853

38.5
61.5

318
1524
2800

6.9
32.8
60.3

24
2229
141
68
105
2075

0.5
48.0
3.0
1.5
2.3
44.7

Baseline data for 4642 patients.
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PRESENTATION NUMBER: 483
OUTCOMES AFTER SIX MONTHS PAOF RTICIPATION IN A DIGITAL
KNEE AND HIP OSTEOARTHRITIS TREATMENT PROGRAM
L.E. Dahlberg 1, M. Misini Ignjatovic 2, S. Lohmander 1, H. Nero 1. 1 Lund
€, Sweden
Univ., Lund, Sweden; 2 Arthro Therapeutics, Malmo
Purpose: First-line OA treatment, including exercise, education and
weight control is universally recommended by treatment guidelines,
yet underutilized. First-line knee and hip OA treatment was developed
into a structured face to face program in Sweden in 2008 (Better
management of patients with OsteoArthritis; BOA) in the pursuit of
increased equality and availability of OA care. Still, national and international evidence suggest that at most 50% of OA patients have participated in ﬁrst-line treatment before getting a total joint replacement.
In an attempt to scale and improve implementation of guidelinederived ﬁrst-line OA treatment, Joint Academy® (JA), a smartphone
application based on the BOA concept, was developed in Sweden in
2016. The program consists of video instructed and progressively
adaptable exercises, patient education through text lessons coupled
with quizzes, and a continuous asynchronous chat function with a
personal physiotherapist. The patient is supervised during the full
participation period, and outcomes are delivered to both patient and
physiotherapist on a regular basis and stored in the JA database.
Six to 12 month results have been reported previously yet in a small
cohort of individuals due to lack of data. Hence, the purpose of this
study was to present updated results on a greater number of patients
adhering to a digital osteoarthritis treatment program for six months.
Methods: Data for all patients that had responded to questions on pain
(NRS 0-10 scale, where 0 indicates no pain and 10 indicates the worst
possible pain) and function (30 sec chair to stand test) at start, 3 and 6
months together with baseline demographic data, socioeconomics, and
self-reported OA location (knee or hip) was retrieved from the JA
database.
Results: 4642 patients (mean age 63, SD 9; 75% women) were included.
Table 1 shows self-reported OA location (hip/knee), and baseline socioeconomic data (education and employment status).The improvement
in pain between baseline and 6 months was 40% (-1.95 ± 0.08), and
function improved by 50% (4.9 ± 0.3) (Figure 1). Almost half of the
patients were still working, a vast majority had reached secondary or
higher education, and only 4.5 % were on any form of sick-leave (Table
1).
Conclusions: There are few reports in the literature of patients having
adhered to and completed 6 months of ﬁrst-line osteoarthritis treatment. The present results show that adhering to a digitally delivered
management program has the potential to result in marked improvements in joint pain and performance. Data also suggest that the user
population, in spite of having an average age of 63 years, to a large
extent is still part of the working force and are well educated.

PRESENTATION NUMBER: 484
PRECISION MEDICINE-BASED MACHINE LEARNING ANALYSES TO
EXPLORE OPTIMAL EXERCISE THERAPIES FOR INDIVIDUALS WITH
KNEE OSTEOARTHRITIS
S. Kim, M.R. Kosorok, L. Arbeeva, T. Schwartz, Y.M. Golightly,
A.E. Nelson, L.F. Callahan, K.D. Allen. Univ. of North Carolina, Chapel HIll,
NC, USA
Purpose: Exercised-based interventions, including physical therapy
(PT) are core treatments for knee osteoarthritis (OA). Patients vary
considerably in their level of improvement following different exercisebased interventions, but very little is known about drivers of this variability. Precision medicine-based machine learning methods can be
used to identify optimal treatments for each patient, based on individual characteristics. In these analyses, we used a precision medicine
approach to discover factors underlying differential improvement in the
Physical Therapy vs Internet-Based Exercise Training for Knee OA
(PATH-IN) trial, which compared the effects of standard PT with internet-based exercise training (IBET), both relative to a usual care / wait list
control group (WT).
Methods: The PATH-IN study enrolled 350 participants with symptomatic knee OA (physician diagnosis and pain, aching or stiffness on
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most days of the week). Outcomes were assessed at baseline, 4-month
follow-up (primary outcome time point) and 12-month follow-up. The
primary outcome for both PATH-IN and these exploratory analyses was
the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) total score. Some participants were missing WOMAC scores
at follow-up, resulting in sample sizes of 303 and 302 participants for
analyses of 4- and 12-month outcomes, respectively. Our precision
medicine approach involved estimating an “optimal treatment regime”
(from among the 3 study arms of PT, IBET, and WT) for each patient. To
address limitations of existing machine learning methods, particularly
the ability to identify factors that drive the optimal treatment, we
developed a new algorithm, Tree-based Interpretable Learning. This
algorithm divides study participants into multiple disjoint subgroups
where each subgroup receives a single optimal treatment among the
three options. The algorithm judiciously splits the data set into two
groups in a way that maximizes the average outcome after assigning
estimated treatments, by random forest (which is an ensemble of
multiple decision trees), to the ﬁrst group and assigning one of three
treatments to the other group. The algorithm then repeats splitting the
group that received estimated treatments by a random forest in the
previous step until the splitting no longer sufﬁciently improves the
cross-validated estimate of the average outcome. In each loop, the
improvement is evaluated by testing the difference of the cross-validated estimate of the average outcome of the estimated treatment
regime and the estimate of the average outcome of the zero-order
model (ZOM), which assigns a single best treatment to all patients. This
methodology is meaningful in that it produces an interpretable treatment rule by utilizing random forests, which yields a low-bias estimate
yet reduces the “black-box” aspect of machine learning algorithms. We
conducted separate analyses for 4- and 12-month outcomes. Participant
demographic, clinical, and psychosocial characteristics included
as potential predictors of the optimal treatment regime are shown in
Table 1.
Results: For the analysis for WOMAC score at the 4-month followup, body mass index (BMI), Brief Fear of Movement score (BF; higher
scores indicate more fear of movement), and Self Efﬁcacy for exercise scale (SE; higher scores indicate greater self-efﬁcacy) were
identiﬁed as characteristics that effectively divided participants,
creating ﬁve subgroups (Figure 1). For the analysis for WOMAC score
at the 12-month follow-up, age, BMI, and BF score were identiﬁed as
important features resulting in seven disjoint subgroups (Figure 2).
Improvement over the average outcome was seen for both the 4and 12-month follow-up visits (p¼0.0062 and p¼0.0042,
respectively).
Conclusions: In this study, optimal treatment regimes were identiﬁed
for 4- and 12-month WOMAC outcomes, yielding signiﬁcantly
improved estimates compared with the average outcome. This indicates
that the proposed, tailored regimes would be more beneﬁcial to participants than assigning a single best treatment (based on overall results
from the clinical trial) to all patients. Importantly, multiple subgroups of
patients were assigned to IBET as the optimal treatment regime; two
key characteristics of these subgroups were lower BMI and low fear of
movement. Patients with these characteristics may beneﬁt from a lowcost, self-directed program and may not require PT, which can be more
costly. In contrast, results suggest that patients with higher BMI and
greater fear of movement may beneﬁt most from PT. There was a subgroup of patients for whom WT was the optimal treatment regime at 4
months, indicating that neither PT nor IBET were particularly effective.
This subgroup was characterized by very high BMI; based on prior
research, these patients may experience the most beneﬁt initially with a
weight loss intervention. In summary, these analyses identiﬁed easy-toassess patient characteristics that can help tailor referrals to different
exercise-based interventions for knee OA. Additional studies are needed
to conﬁrm these ﬁndings in other samples and for other exercise-based
therapies.
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PRESENTATION NUMBER: 485
RELATION OF HIP ABDUCTOR STRENGTH TO WORSENING CARTILAGE
DAMAGE IN THE KNEE: THE MULTICENTER OSTEOARTHRITIS STUDY
J.J. Stefanik 1, D.T. Felson 2, G. Rabasa 2, A. Guermazi 2, F. Roemer 3,
J. Lynch 4, C.E. Lewis 5, J. Torner 6, C.L. Lewis 2. 1 Northeastern Univ.,
Boston, MA, USA; 2 Boston Univ., Boston, MA, USA; 3 Univ. of Erlangen,
Erlangen, Germany; 4 Univ. of California San Francisco, San Francisco,
CA, USA; 5 Univ. of Alabama Birmingham, Birmingham, AL, USA; 6 Univ.
of Iowa, Iowa City, IA, USA
Purpose: Adults with knee osteoarthritis (OA) frequently have hip
abductor weakness. Given the importance of the hip muscles in
affecting pelvis orientation during gait and rotation of the femur, both
of which affect knee biomechanics, hip abductor weakness may inﬂuence OA worsening. Although cross-sectional associations have been
reported, longitudinal studies are limited. Identifying relationships
between weakness and structural worsening may inform current
rehabilitation treatment approaches of knee OA. A recent study reported that greater hip abductor strength was protective of medial patellofemoral and lateral tibiofemoral cartilage worsening over 2 years. The
purpose of this analysis was to evaluate the relation of hip abductor
weakness to the risk of MRI-detected cartilage worsening in the
patellofemoral joint (PFJ) and tibiofemoral (TFJ).We hypothesized that
those with lower hip abduction strength would have increase the risk of
cartilage worsening.
Methods: The Multicenter OA Study (MOST) is a NIH-funded cohort
study of persons with or at risk of knee OA. Isometric hip abduction
strength was assessed in Newton-meters (Nm) at the 144-month clinic
visit. Three hip abduction trials were collected and the maximum value
was used. Cartilage damage was assessed on MRI using MOAKS by two
musculoskeletal radiologists at the 144- and 168-month study visits.
MOAKS grades cartilage damage in 14 subregions in the medial and
lateral PFJ and TFJ. Worsening of cartilage damage over 2 years was
deﬁned as either an increase in the area of cartilage loss or the percent
area with full-thickness loss (including within grade changes). Hip
abduction strength was divided into quartiles and the relation to worsening cartilage damage 2 years later was evaluated. Logistic regression
models with generalized estimating equations (GEE) were used to
account for the correlation between subregions from the same knee
(each knee contributed 14 observations), while adjusting for age, sex,
BMI, race, knee injury/surgery history, and quadriceps strength. Separate models were created for each knee compartment (medial and
lateral PFJ, medial and lateral TFJ).
Results: 1,508 knees (one per participant) were included. Mean age,
BMI, and hip abduction strength were 61.3±9.2 years, 28.6±4.9 kg/m2,
and 93.0±3.6 Nm, respectively; 56% female, 83% white, and 13% had
history of knee injury/surgery. Compared to knees in the highest hip
abduction strength quartile, those in the three lowest quartiles had 0.61
(95% conﬁdence interval (CI): 0.40, 0.93), 0.69 (0.47, 1.0), and 0.77 (0.52,
1.13) times the risk of worsening cartilage damage in the medial TFJ,
respectively (Table). There was no relationship between hip abduction
strength and worsening cartilage damage in the PFJ or lateral TFJ.
Conclusions: Contrary to our hypothesis, the weakest individuals had a
lower risk of worsening cartilage damage in the medial TFJ. Hip strength
is one measure that may inﬂuence the mechanics and loading of the
knee joint. Movement patterns and physical activity levels may also
inﬂuence knee loading. Future work will consider how strength,
movement patterns, and physical activity may interact to increase risk
for knee OA.
PRESENTATION NUMBER: 486
OUTCOMES OF PATIENTS WITH MEDIAL KNEE OSTEOARTHRITIS IN
TWO TYPES OF ORTHOTIC INTERVENTIONS
M. Falahatgar 1, 2, M. Jalali 1, 2, T. babaee 1, 2, Z. safaeepour 3, 3,
A. Torkaman 1, 2. 1 Iran Univ. of Med. Sci., Tehran, Islamic Republic of Iran;
2
Iran Univ. of Med. Sci.s, Tehran, Islamic Republic of Iran; 3 Univ. of Social
Welfare and Rehabilitation Sci., Tehran, Islamic Republic of Iran
Purpose: This study aimed to evaluate and compare the effects of Lateral wedge combined with medial-arch support and subtalar strap
(combined insole) applied to the bare foot and lateral wedged insole
ﬁtted in sandals (Figure 1) on pain, function and knee adduction
moment (EKAM) in patients with medial knee osteoarthritis (MKOA).
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Methods: Participants: All included patients signed the written
informed consent (Table 1). This was a quasi-experimental pretestposttest study design, in which participants were divided into two
groups based on their reference number. Those with an odd and even
number received sandals and combined insoles, respectively. The subjects were unaware of the design of the other group's orthosis. The
process of including and excluding patients illustrated in Figure 2.
Protocol: Before receiving orthosis, all of the patients completed the
WOMAC questionnaire. Then, the 30s chair stand and Timed Up and Go
(TUG) functional tests were conducted. In order to measure EKAM, 16
passive markers 15 mm in diameter were connected to the body with
double-sided tape on both lower extremities based on the Plug-in gait
model marker set recommendation. To acclimate with the orthosis, the
patients had to walk with their orthosis for 5-10 minutes. All subjects
walked on a level surface 10-meter distance at their self-selected speed
in barefoot and with orthosis (combined insole attached to a barefoot
and sandal) conditions. After explaining the methods for doing the tests
to the patients, each of the walking conditions (barefoot and with
orthosis) were recorded 3 times, so that the step was situated accurately
on the force plate. After testing barefoot and orthosis conditions, the
patients speciﬁed his/her severity of pain on the VAS diagram. Then,
they were asked to use their orthosis between 5 and 10 hours daily in
both sitting and walking positions at home and provide a daily report of
the hours they used the orthosis. After one month, the WOMAC questionnaire was completed once more by the patients and the functional
tests were repeated. During this time, the patients were contacted
weekly and were questioned regarding the hours used the orthosis, and
ﬁnally the number of hours was recorded in the patients’ clinical
records. Data acquisition: The kinematic data (120 Hz) and kinetic data
(1200 Hz) were collected with the three-dimensional motion analysis
system with six camera model 6MX-T40S, four camera model VERO 2.2
(Vicon Motion Systems, Oxford Metrics Inc., UK), and force plates
modeled 99AA60 and 99AA30 (Kistler Instrument AG, Switzerland). The
knee adduction moment was calculated using reverse dynamics from
the raw data of the markers using Nexus software (version 2.7.0).
Marker trajectory and force plate data were ﬁltered using MATLAB
software (Matlab, Version R2015B) with the Butterworth low pass
recursive ﬁlter of the fourth order for the frequencies above 6 hertz.
Knee adduction moments were calculated using Plug-in-gait model and
exported to excel. The knee adduction moment data were normalized
based on bodyweight of the patients. From the diagram related to
EKAM, Peak 1, minimum between two peaks, Peak 2, mean and Knee
Adduction Angular Impulse (KAAI) (the area beneath the EKAM diagram) were calculated. The mean of three trials were used for analyzing
the subgroups. Statistical analysis: Statistical analysis was conducted
using SPSS software version 20 and a signiﬁcance level of 0.05 was
considered for all of the tests. The normality of all the data was evaluated by using Kolmogorov-Smirnov test. Baseline characteristics were
compared in two groups. Finally, repeated measure ANOVA was used to
compare the effects of the interventions on EKAM, WOMAC, and VAS in
each subject, as well as those of combined insoles and sandals.
Results: Patients’ characteristics: Both groups were similar regarding
the baseline characteristics (Table 2). No statistical difference was seen
in walking speed between groups (p¼ 0.48) and within groups (p¼
0.85) before and after wearing orthosis. Immediate Evaluations: The
mean and standard deviation of EKAM indices were reported for both
groups after wearing the orthosis (Table 3). Based on the results, Peak 1,
Min between Peaks, Peak 2, total mean and KAAI slightly increased in
the sandal group compared to barefoot conditions, while decreased in
the combined insole group, although the differences were not signiﬁcant (p<0.05). Based on the results, the patients’ severity of pain
decreased in both groups (p< 0.01), although no signiﬁcant difference
was observed between groups (Table 3).
Follow Up: Some criteria such as pain, performance, and overall score of
the questionnaire decreased one month after using both orthoses
(p¼0.01, p¼0.001, and p¼0.001, respectively). However, no signiﬁcant
difference was observed between both types of interventions. Stiffness
failed to indicate a signiﬁcant change in any of the groups after one
month of using orthosis (Table 4). The TUG and 30s Chair Stand functional tests improved after one month in both groups (p¼0.006,
p¼0.025), while the improved difference was insigniﬁcant between the
two groups (Tables 4).
Conclusions: In this study, pain (VAS) was improved in both groups
immediately after walking with the orthoses, and reduced pain and
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Parameters

Group 1 (Sandal n¼14) (Mean ±SD)

Group 2 (modiﬁed Insole n¼15) (Mean ±SD)

Age (Year)
Gender (female/male)
Weight (Kg)
Height (Cm)
BMI (Kg/ m2)
K/L Grading (side, number, (percentage))
1
2
3

57.00±3.30
13/1
72.07±12.40
156.50±8.04
29.32±4.29

57.73±5.48
13/2
70.27±9.13
155.53±7.61
28.57±4.16

L 6 (%10)
L 7 (%12)
L 1 (%2)

R 6 (%10)
R 5 (%9)
R 3 (%5)

L 6 (%10)
L 5 (%9)
L 4 (%7)

R 6 (%10)
R 7 (%12)
R 2 (%4)

SD indicates standard deviation; BMI, body mass index; K/L, Kellgren and Lawrance.

Table 1

Osteoarthritis
andCartilage

Baseline clinical and demographic characteristics of the patients.

Groups

VAS (Cm)

Speed (m/s)

First peak (Nm/Kg) Min Between Peaks
(Nm/Kg)

Second peak (Nm/ Mean (Nm/Kg)
Kg)

KAAI (Nm.s/Kg)

Group
1
Group
2

6.72±3.39
5.19±2.65
5.56±1.76
4.49±1.58

0.83±0.11
0.83±0.15
0.83±0.21
0.84±0.18

0.48±0.20
0.52±0.16
0.53±0.19
0.53±0.18

0.47±0.15
0.49±0.13
0.50±0.19
0.50±0.15

0.43±0.16
0.45±0.13
0.47±0.17
0.46±0.15

0.18±0.07
0.21±0.06
0.21±0.11
0.20±0.07

F (1,27) ¼0.503
(0.484)
F (1,27) ¼0.034
(0.855)

F (1,27) ¼1.337
F (1,27) ¼0.386 (0.539) F (1,27) ¼0.440
(0.258)
(0.513)
F (1,27) ¼0.260 (0. F (1,27) ¼0.278 (0.602) F (1,27) ¼0.147
614)
(0.705)

F (1,27) ¼0.797
(0.380)
F (1,27) ¼0.159
(0.693)

F (1,27) ¼0.369
(0.549)
F (1,27) ¼0.106
(0.747)

Barefoot
Sandal
Barefoot
Modiﬁed
insole
Fwithin groups (p)

F (1,27) ¼13.9
(0.001)
Fbetween groups (p) F (1,27) ¼1.24
(0.28)

0.38±0.15
0.39±0.13
0.41±0.16
0.41±0.14

VAS indicates visual analog scale; KAAI, knee adduction angular impulse

Table 2

Biomechanical parameters for right side only: results of mixed between within ANOVA

Clinical parameters

WOMAC pain
WOMAC stiffness
WOMAC function
WOMAC total
TUG (seconds)
30s chair stand (times)

Sandal with lateral wedge

Osteoarthritis
andCartilage

Modiﬁed lateral wedge

Start of the study

4 weeks later

Start of the study

4 weeks later

52.9±25.4
38.9±31.5
42.2±13.6
43.9±13.3
10.1±1.9
10.5±2.2

26.1±18.5
23.6±14.6
22.6±10.6
23.5±11.6
8.1±2.8
10.8±1.9

49.00±16.6
38.7±24.6
56.2±20.9
54.6±16.7
10.2±1.5
8.7±1.4

33.0±16.2
30.0±21.4
27.5±19.9
31.1±17.8
9.1±1.4
10.9±2.2

WOMAC indicates Western Ontario and McMaster Universities Arthritis Index; TUG, timed up and go.

Table 3

Clinical parameters before and after the follow-up.

improved performance (questionnaire and functional tests) were
observed after one month. In addition, two patients experienced an
increased pain in the knee during use in the sandal group, while no
patients increased pain in the group with combined insoles. The
immediate reduction in pain observed for orthoses in this study failed
to represent a signiﬁcant difference in KAAI However, this parameter

Osteoarthritis
andCartilage

was not measured after one month in this study. Functional tests result
in both groups improved after one month of using the orthosis and the
results can demonstrate the effect of orthotic intervention on mobility
limitations. Brieﬂy, in this study, the clinical effectiveness of orthoses
was conﬁrmed, while mechanical effectiveness was not considerable.
None of the designs were statistically dominant compared to the other.
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WOMAC pain

WOMAC stiffness

WOMAC function

WOMAC total
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TUG (seconds)

30s chair stand (times)

Fwithin
F (1,23) ¼7.34 (0.013)* F (1,22) ¼0.95 (0.34) F (1,23) ¼14.99 (0.001)* F (1,23) ¼14.58 (0.001)* F (1,22) ¼8.59 (0.006)* F (1,32) ¼5.53 (0.025)*
groups (p)
Fbetween
F (1,23) ¼0.94 (0.34)
F (1,22) ¼0.04 (0.85) F (1,23) ¼0.87 (0.36)
F (1,23) ¼0.98 (0.33)
F (1,22) ¼0.026 (0.87) F (1,32) ¼2.12 (0.14)
groups (p)

Table 4

Results of repeated measure ANOVA tests for clinical

Osteoarthritis
andCartilage

Therefore, based on the clinical and functional tests, the patients with
MKOA can select any of the designs for use at home based on their
comfort and satisfaction.

PRESENTATION NUMBER: 487
DIGITALLY DELIVERED FIRST-LINE OSTEOARTHRITIS TREATMENT
IMPROVES EQUAL ACCESS TO CARE IN URBAN AND RURAL AREAS
OF SWEDEN 2019-2020
H. Nero 1, M. Misini Ignjatovic 2, L.S. Lohmander 1, L.E. Dahlberg 1. 1 Lund
€, Sweden
Univ., Lund, Sweden; 2 Arthro Therapeutics, Malmo

Purpose: Since 2008 Sweden has had a structured ﬁrst-line face-to-face
knee and hip osteoarthritis (OA) treatment program, BOA (Better
management of OsteoArthritis). However, records show that this faceto-face program is underutilized and reaches only a minority of those
that would beneﬁt from it.
The ﬁrst-line OA management program has been transformed into a
digital version, Joint Academy® (JA), to facilitate implementation,
scaling, increased accessibility, and improved patient adherence. The
smartphone application consists of video instructions distributed daily
with individualized exercises for participants with knee or hip OA, as
well as educational information on OA symptoms and self-management
based on current international guidelines for the management of OA.
Each participant is assigned to a physical therapist available through
asynchronous chat and telephone who supervises the participant
throughout the whole program.
To improve chronically ill patients' health and quality of life, longstanding and continuous treatment is needed at an acceptable cost.
Recent evidence suggests that JA costs 25% compared to the BOA program for three months of treatment. Providing patients with equal
access to care necessitates availability in urban and rural areas alike.
This can potentially be achieved by digital delivery, but it is yet
unknown if digital delivery of ﬁrst-line OA treatment, compared with
face-to-face, improves equal access to care. The purpose of this study
was to compare utilization of digital and face-to-face delivered OA
treatment in the 21 different county councils of Sweden that are
responsible for providing healthcare to the residents.
Methods: Registered patient participation in the BOA program during
2019 and 2020 was retrieved from the BOA annual reports and live
statistics from the BOA website (for 2020, unknown ﬁnal data retrieval
data). Data from digital program participation was retrieved from the JA
database (for 2020 until Nov 18th). To be included, a patient needed to
have registered for the ﬁrst visit in the BOA registry or have enrolled in
the program by answering the ﬁrst questionnaire in the JA registry.
Population density per county and county size were retrieved from
Statistics Sweden. Results were calculated and presented as users per
100 000 residents. Mean and median values as well as standard deviations were calculated separately for registered participants/100 000
for BOA and JA programs, and for regions with more (n¼12) or less
(n¼8) than 20 residents per km2.
Results: In total 25652 patients from the BOA registry and 12240
patients from the JA database were included. The differences between
individual county councils in the number of registered program participants per 100 000 residents varied far more for the face-to-face BOA
program than for the digital JA program (Table 1). This is illustrated by
the ratio between the highest and lowest participation numbers/100
000 being 13.6 for BOA and 2.6 for JA, and standard deviations of 162
and 27, respectively. The variability between county councils was
greater for remote regions of the country with a population density
below 20 per km2, than for more densely populated regions.
Conclusions: The results of this preliminary report suggest that digital
ﬁrst-line treatment, compared with the same treatment delivered faceto-face, improves equal access to recommended ﬁrst-line care of OA of
the knee and hip in Sweden. Ongoing work aims to explore temporal
changes in usage of the different platforms associated with the COVID19 pandemic.
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County

BOA 2019-2020

JA 2019-2020

Stockholm
Uppsala
€dermanland
So
€
€ tland
Osterg
o
€ nko
€ ping
Jo
Kronoberg
Kalmar
Gotland
Blekinge
Skåne
Halland
€stra Go
€taland
Va
€rmland
Va
€
Orebro
€stmanland
Va
Dalarna
€vleborg
Ga
€sternorrland
Va
J€
amtland
€sterbotten
Va
Norrbotten
Min/max ratio
Mean
SD
Median

148
187
297
411
76
191
473
267
320
271
102
358
367
137
416
696
101
113
178
106
51
13.6
251
162
191

155
110
130
101
69
83
121
182
111
135
108
99
124
104
107
122
86
92
95
84
75
2.6
109
27
107

Table 1

Number of participants per
program, per 100 000 residents
for each county council in
Sweden

Osteoarthritis
andCartilage

Region

BOA 2019-2020

JA 2019-2020

Regions with more than 20
residents per km2, mean (SD)
Regions with less than 20
residents per km2, mean (SD)

261 (130)

110 (22)

235 (213)

108 (35)

Table 2

The total number of patients
included in BOA and JA per
100 000 residents.

Osteoarthritis
andCartilage

PRESENTATION NUMBER: 488
PROGRAM EVALUATION OF GLAD AUSTRALIA PHYSIOTHERAPIST
AND PATIENT OUTCOMES
C.J. Barton 1, J.L. Kemp 1, E.M. Roos 2, S.T. Skou 2, K. Dundules 1,
M. Pazzinatto 1, F. Matthew 1, J. Wallis 3, K.M. Crossley 1. 1 La Trobe Univ.,
Bundoora, Australia; 2 Univ. of Southern Denmark, Odense, Denmark;
3
Monash Univ., Melbourne, Australia
Purpose: Evaluate the changes in (i) physiotherapist’s practices, and
beliefs about capability and conﬁdence to provide patient education
and exercise-therapy to people with knee osteoarthritis following Good
Living with osteoArthritis from Denmark (GLA:D®) Australia training;
(ii) knee osteoarthritis patient outcomes following GLA:D® treatment;
and (iii) barriers and enablers to reach, implementation, adoption and
maintenance of the program?
Methods: Program evaluation was guided by the RE-AIM QuEST (Reach,
Effectiveness, Adoption, Implementation, Maintenance Qualitative
Evaluation for Systematic Translation) framework. Participants

included Australian physiotherapists and people with knee osteoarthritis. Physiotherapist were trained and supported to deliver GLA:D®
Australia (23 courses, 2017-2019) and completed surveys (baseline,
post-course, 12-months post-course) to assess practices, beliefs about
capabilities and conﬁdence (post-training) and barriers and enablers to
implementing GLA:D® Australia (12-months following training).
Patients completing GLA:D® with trained physiotherapists were registered online to provide baseline, 3-month (immediately post-treatment) and 12-month patient reported outcomes.
Physiotherapists training outcomes: Survey outcomes were dichotomised for statistical analysis. Speciﬁcally, data were divided into
agreement (strongly agree and agree) and other responses (neither
agree nor disagree, disagree and strongly disagree); conﬁdence (very
conﬁdent or conﬁdent) and other responses (average, below average
and not conﬁdence at all); or frequently providing (all of the time and
most of the time) and other responses (some of the time, rarely and
never). Individual Chi-square statistic with Yates correction, p < 0.05.
Effect sizes (ES) were calculated using Phi for 2x2 contingency table and
Cramer’s V for tables larger than 2x2 contingency table to compare preand post-training outcomes. Effect sizes were categorised as negligible
(< 0.10), small ( 0.10), moderate ( 0.30) or large ( 0.50). Perceived
implementation barriers and enablers among physiotherapists from 12month surveys were coded using an inductive thematic analysis, with
initial coding structure developed by two researchers. Coding was
reﬁned and mapped to system, health services, health professional,
patient, and program factors by two researchers.
Patient outcomes: Primary outcome measures to inform effectiveness
at a patient level (pain, knee-related quality of life and health-related
quality of life) were analysed with linear mixed models, including age
and sex as covariates, participants as a random effect and time (baseline, 3-months, and 12-months) as ﬁxed effect. Signiﬁcance level set at p
< 0.05, and Bonferroni’s post-hoc test was performed for multiple
pairwise comparisons when appropriate. Effect sizes (and 95% conﬁdence intervals) for pre/post comparisons were calculated and interpreted as small (>0.20), moderate (>0.50) or large (>0.80). Effective
implementation of the education and exercise-therapy program in
GLA:D® was determined if moderate or greater effect sizes occurred for
pain and knee-related quality of life outcomes, and if small or greater
effect sizes occurred for health-relate quality of life outcomes.
Results:Reach: 1,068 physiotherapists (73% private, 20% public, and 7%
mixed public/private) from all states and territories were trained as at
December 2019. 2612 patients entered the data registry. Key barriers to
reach included out-of-pocket cost to patients, funding to support participation, and program suitability for culturally and linguistically
diverse (CALD) communities and patients with complex needs.
Effectiveness: Following training, more physiotherapists discussed
treatment goals, prescribed neuromuscular exercise, used supervised
exercise, and discussed the importance of weight management; and all
physiotherapist reported adequate training, knowledge and conﬁdence
to implement guideline-based patient education and exercise-therapy.
Patient outcomes at 3- and 12 months (n ¼ 1,044 and 927) included
reduced pain intensity (mean difference (MD), 95%CI ¼ 14, 11 to 18; and
15, 11 to 18 mm), improved knee-related quality of life (QoL) (14, 11 to
17; and 17, 14 to 20 points), and improved health-related quality of life
(0.06, 0.04 to 0.08; and 0.07, 0.04 to 0.10).
Adoption: GLA:D® Australia was implemented at 297 sites (264 private,
33 public) in all Australian states and territories.
Implementation: Ninety percent of patients completed at least one
education session, and 78% completed at least 10 exercise-therapy
sessions. Key enablers to implementation included staff resourcing and
capacity to meet demand, developing materials for CALD groups and
central program support.
Maintenance: Of the 297 sites who implemented the GLA:D® Australia
from 2017-19, 99% (293/297) continued to offer the program in July
2020.
Summary of program evaluation outcomes: All key ﬁndings from this
GLA:D® Australia program evaluation, guided by the RE-AIM QuEST
framework, are provided in the Table.
Conclusions: Training improved the number of physiotherapists with
knowledge, skills and conﬁdence to deliver guideline-based education
and exercise-therapy, and patient outcomes indicate effective implementation. People with knee osteoarthritis reported clinically meaningful improvements in pain and quality of life, and reduced desire for
surgery following participation. Further work is warranted to address
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barriers, and to leverage enablers, in order to scale up GLA:D® Australia
across public and private settings.
PRESENTATION NUMBER: 489
EXPLORATORY USE OF WEARABLE TECHNOLOGY TO MONITOR
CHANGES IN DYNAMIC STABILITY DURING A POST-TRAUMATIC
OSTEOARTHRITIS PREVENTION EXERCISE PROGRAM
€isa
€nen 1, J.L. Whittaker 2, M.A. Hunt 2, C.A. Emery 1.
L.C. Benson 1, A.M. Ra
1
Univ. of Calgary, Calgary, AB, Canada; 2 Univ. of British Columbia,
Vancouver, BC, Canada
Purpose: Young adults and youth with a history of knee injury demonstrate negative health-related outcomes, including risk factors of
knee osteoarthritis, within a few years of injury. Neuromuscular deﬁcits
exist post injury, 3-10 years later and in persons with osteoarthritis. A
neuromuscular training rehabilitation program could delay the onset
and/or reduce risk of developing post-traumatic osteoarthritis (PTOA)
in the future. The effectiveness of exercise therapy is dependent on
adherence (the extent to which one’s behavior corresponds with
healthcare provider recommendations), and exercise ﬁdelity (the
degree to which exercises are correctly executed). Adherence is often
quantiﬁed as the proportion of prescribed exercise components completed or the frequency and total duration of an exercise program, while
exercise ﬁdelity is often assessed by observing the exercise and rating
movement quality using pre-deﬁned criteria. Typically, exercise ﬁdelity
is evaluated by a highly-trained clinician (i.e., physiotherapist). This
approach is susceptible to observer bias, is time consuming, and is not
feasible in situations in which exercise-based interventions are prescribed to be completed outside of a clinical setting. Recent advancements in wearable technology provide the means to objectively
measure movement patterns outside of a clinic or lab. Once developed,
a wearables-based system could provide information on exercise execution, readiness to progress exercises to new levels of difﬁculty, or
evaluate the effect of feedback. In doing so, objective monitoring of
exercise ﬁdelity may contribute to improved health and knee function
in persons at increased risk of PTOA.
Trunk accelerometry has been used to capture proximal dynamic
instabilities due to lower-limb movement. Sample entropy is a common
non-linear measure of dynamic stability used to capture the complexity
of unﬁltered acceleration waveforms, with values typically in the range
of 0-2 for physiological systems, and higher values indicating less
periodicity or more unpredictability. Sample entropy of trunk accelerations has been used as a metric of dynamic stability to detect
changes in movement, such as those due to fatigue and type of physical
activity. However, sample entropy has not yet been used to monitor
dynamic stability during rehabilitation exercises. The purpose of this
research was to use wearable technology to monitor sample entropy of
trunk accelerations during an 8-week evidence-informed exercise
program aimed at mitigating modiﬁable risk factors for symptomatic
PTOA. It was expected that improvements in dynamic stability (i.e.,
decreased sample entropy) would be observed as participants repeated
the same level of exercise until the point of progression to a higher level
of exercise.
Methods: Participants included a convenience sample of young adults
with a history of intra-articular knee injury completing an 8-week
exercise intervention designed to modify risk factors for PTOA. The
intervention consisted of seven exercise categories (i.e., squats, singleleg squats, lunges, jumping and landing, hip adductor strength, hamstring strength, trunk control), each with 4 to 6 levels of progression.
Decision to progress to the next level was shared between the physiotherapist and the participant, except for the trunk control exercises,
which changed weekly and were therefore excluded from the analysis.
During the twice-a-week classes, participants wore an inertial measurement unit (IMU) on the lower back, attached with an elastic strap.
From the 3D accelerations recorded by the IMU, the resultant acceleration was calculated as the square root of the sum of the squared
accelerations in each dimension. For each set of each exercise level,
dynamic stability was quantiﬁed as the sample entropy of the resultant
acceleration, with lower values of entropy indicating better dynamic
stability. Entropy was averaged for all sets of the same exercise level in
each session. Changes in dynamic stability over time were observed by
plotting entropy for each day that an exercise class was attended for
each exercise and level. A linear line of best ﬁt of entropy over number
of days between sessions was calculated when a participant completed
an exercise level on at least two days, where a negative slope indicates
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that entropy decreased as the participant repeated sessions of the
exercise level. The primary outcome was the change in dynamic stability within an exercise level quantiﬁed as the slope of the line of best
ﬁt averaged across all participants. The results are presented descriptively, with a plot of sample entropy for each participant throughout the
exercise program, and identiﬁcation of the exercise levels for which the
mean slope of the line of best ﬁt was negative, indicating an increase in
dynamic stability.
Results: Participants included 14 young adults (9 women) with a
median (range) age 28.5 years (22-32), height 169.3 cm (155.2-186.7),
and mass 79.5 kg (59.8-109.9). The participants completed 12.5 (3-16)
sessions each where data from the wearable sensor were recorded. An
example of the plot of entropy for each day that an exercise class was
attended is shown for the adductor exercises (Figure 1). Entropy for
most participants trended downward, particularly for the Level 1 and
Level 3 adductor exercises. The slope of the best ﬁt line was negative for
most exercise levels (Table 1). In particular, the average slope was
negative for all levels of the squat exercises and all but one level of the
adductors, hamstrings, lunges and single leg squat exercises. In contrast,
most of the levels of the jumping and landing exercises had a positive
slope.
Conclusions: Wearable sensors may be used to monitor dynamic stability during exercises designed to modify risk factors for PTOA.

PRESENTATION NUMBER: 490
INTEGRIN a10b1-SELECTED MESENCHYMAL STEM CELLS HOME TO
CARTILAGE DEFECTS IN THE RABBIT KNEE AFTER INTRAARTICULAR INJECTION
C. Andersen 1, K. Uvebrant 2, S. Aarsvold 3, S. Jacobsen 1, L.C. Berg 1,
E. Lundgren-Åkerlund 2, Y. Mori 1, C. Lindegaard 1. 1 Univ. of Copenhagen,
Copenhagen, Denmark; 2 Xintela AB, Lund, Sweden; 3 Puchalski Equine
Imaging, Petaluma, CA, USA
Purpose: Mesenchymal stem cell (MSC) therapy has shown promising
results in the treatment of osteoarthritis (OA). However, the fate of the
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MSCs after injection is not clear and migration of the MSCs to sites of
cartilage damage has previously not been shown. This study investigated the ability of adipose tissue-derived MSCs, selected for the
collagen II-binding cell surface protein integrin a10b1, to home and
bind to a cartilage defect in vivo.
Methods: Human MSCs were isolated from adipose tissue of young
healthy donors and selected for expression of the integrin a10b1 using
antibodies and magnetic beads. The MSCs were then labeled with
superparamagnetic iron oxide nanoparticles (SPIONs) co-conjugated
with Rhodamine-B to allow visualization by both MRI and ﬂuorescence
microscopy. The functionality of the labeled MSCs was demonstrated by
trilineage differentiation capacity. A chondral defect was created in the
articular cartilage of the intertrochlear groove of the femur of 6 rabbits.
Seven days post-surgery, labelled MSCs were injected into the same
joint. MSC migration was evaluated by ultra-high ﬁeld (9.4T) MRI before
injection (baseline) and at different timepoints after injection (0 hours,
12 hours, 24 hours, 2 days, 4 days, 7 days and 10 days) covering a
minimum of 2 animals per timepoint. Rabbits were euthanized
between day 4 and 10 after MSC injection and the articular cartilage
defects were examined by ﬂuorescence microscopy.
Results: SPION-labeled MSCs were able to proliferate and differentiate
into chondrocytes, osteocytes and adipocytes. In addition, viability and
SPION-labeling was retained by the MSCs after freezing. SPION labelled
MSCs were detected by MRI in the cartilage defects at all time points
from 12 hours after injection until day 10 with a peak concentration
between day 2-4 after injection. The presence of SPION-Rhodamine
labelled MSCs in the defect was conﬁrmed by ﬂuorescence microscopy
of tissue sections of the defect area. No adverse effects of the MSC
treatment was detected during the study period.
Conclusions: Integrin a10b1-selected and SPION-labeled MSCs are able
to home and bind to cartilage defects in the rabbit femoropatellar joint
after intra-articular administration. This demonstrates that the integrin
a10b1-selected MSCs can exert their therapeutic effects at the site of
cartilage damage and thus have a direct role in the regeneration of
cartilage defects.

Cartilage formation was determined at day 14 by measuring sulfated
glycosaminoglycan (sGAG) content.
Results: Stimulation of the hIL6, hIL8 and hADAMTS5 promoter
reporters with OAs-cm form sixteen different patients resulted in an
up-regulation of promoter activity compared to control stimulation,
whereas stimulation of the hWISP1 promoter reporter resulted in a
down-regulation of the promoter activity compared to control. Interestingly, large heterogeneity was observed in the response of the promoter reporters between the OAs-cm from distinct patients with hIL6
(FC 33.9 ± 32.3), hIL8 (FC 32.2 ± 27.7), hADAMTS5 (FC 3.7 ± 2.4) and
hWISP1 (FC 0.4 ± 0.24). Furthermore, individual OAs-cm reduced sGAG
content of differentiating MSCs by a range between 3% and 65%. Signiﬁcant correlations were found between the fold change of the promoter activity and the percentage of inhibition on chondrogenesis. We
observed a positive correlation with hIL6 (p¼0.01 and r¼0.67), hIL8
(p¼0.01 and r¼0.66) and with hADAMTS5 (p¼0.01 and r¼0.72),
whereas a negative correlation was seen with hWISP1 (p¼0.002 and r¼0.78). To validate if this correlation will predict the effect of other OAscm, sixteen newly collected OAs-cm were tested and eleven out of
sixteen OAs-cm were within the 95% prediction interval.
Conclusions: The current study demonstrates that our reporter assays
are able to predict the effect of the joint microenvironment (OAs-cm) on
cartilage formation as measured by sGAG production. Signiﬁcant correlations were observed between the fold change of these promoter
reporters and the inhibition of chondrogenic capacity of hMSCs, with
positive correlations for hIL6, hIL8 and hADAMTS5 and a negative correlation with hWISP1. Our promoter constructs appear to be able to
predict repair capacity of stem cells and could be of use for a personalized treatment strategy.
PRESENTATION NUMBER: 492
MESENCHYMAL STROMAL CELL COUNT IN BONE MARROW
CONCENTRATE IS NOT PREDICTED BY NUCLEATED CELL COUNT OR
COLONY FORMING UNITS
M.R. Greenﬁeld, M. Cercone, L.A. Fortier. Cornell Univ., Ithaca, NY, USA

PRESENTATION NUMBER: 491
A PROMOTER-BASED BIOASSAY THAT PREDICTS THE EFFECT OF THE
OSTEOARTHRITIC MICROENVIRONMENT ON CARTILAGE FORMATION
M. Neefjes, H.M. van Beuningen, E.L. Vitters, A.P. van Caam,
P.M. van der Kraan. Radboud Inst. for Molecular Life Sci., Nijmegen,
Netherlands
Purpose: Recent developments have demonstrated that intrinsic cartilage repair is possible in certain osteoarthritis (OA) patients. A growing
body of literature suggests an inﬂuence of joint microenvironment on
intrinsic cartilage repair via affecting chondrogenic capacity of stem
cells; i.e. this environment can be permissive or non-permissive for
repair. A method able to discriminate between patients with permissive
or non-permissive articular joint microenvironments would be of great
use to predict the outcome of cartilage repair therapies. We postulate
this can be best done with a bioassay, as in a bioassay different cellular
signals are integrated and multiple reporters can be measured simultaneously. Therefore, our goal is to develop a rapid bioassay that will be
able to discriminate between permissive and non-permissive joint
conditions.
Methods: To construct our bioassay, promoter sequences of four different genes were isolated from human gDNA using PCR; i.e. IL6 (-600
till þ78), IL8 (-572 till þ100 bp), ADAMTS5 (-1432 till þ37) and WISP1
(-833 till þ50) and cloned in the pNL1.2 vector (Promega) which
expressed the unstable Nano luciferase. Promoter reporter constructs
were efﬁciently introduced by transient transfection with lipofectamine
in H11 chondrocytes. Transfected cells were stimulated for 24 hours
with OA-synovium conditioned medium (OAs-cm), as a substitute for
OA synovial ﬂuid, from sixteen individual patients and luciferase
activity was measured on a luminometer. OAs-cm was obtained by
culturing synovium from end-stage OA patients for 24 hours. Fold
change was calculated relative to control stimulation. These results
hereof were correlated (Pearson) with the ability of these OAs-cm to
inhibit sGAG formation during chondrogenesis. This was tested by
chondrogenic differentiation of human fetal bone-marrow derived
MSCs in an established three-dimensional pellet culture model. Pellets
were cultured for 14 days in serum-free chondrogenic medium (without dexamethasone). After 10 days of differentiation, MSCs were
exposed to the OAs-cm from the same sixteen individual donors.

Purpose: Bone marrow aspirate concentrate (BMC) is a point-of-care
tool for cartilage repair procedures. It is important to characterize
biologics such as BMC both qualitatively and quantitatively so that a
successful outcome can be attributed to a speciﬁc cellular or bioactive
protein composition. Mesenchymal stromal cells (MSCs) are thought to
contribute to the effectiveness of BMC, but they are somewhat difﬁcult
to quantify and are therefore not commonly characterized in clinical
BMC samples. Nucleated cell count (NCC) and colony forming units
(CFUs) have been proposed as surrogate markers to quantify MSCs in
BMC. The purpose of this study was to test this assumption. We
hypothesized that neither NCC nor CFUs would correlate with MSC
quantity in BMC.
Methods: Bone marrow was aspirated from the sternum of 15 horses
(age 13.3±6 years; 4 castrated males, 11 females) and centrifuged to
obtain BMC. Complete blood counts were obtained on each BMC sample. Two aliquots of BMC (0.5mL and 1mL) were plated in duplicate and
cultured for up to 21 days when CFUs were counted. A CFU was deﬁned
as a colony measuring greater than or equal to1mm in diameter
assessed by A) an ink stamp on inverted microscopy, or B) visual estimation after crystal violet staining. For each duplicate, one plate was
stained with crystal violet, and cells on the other plate were lifted using
Accumax (Innovative Cell Technologies, Inc, San Diego), counted, and
viability was measured using trypan blue. Based on plastic adherence,
these cells were presumed as MSCs and were subjected to conﬁrmatory
tri-lineage differentiation assays. A paired t-test was used to compare
CFUs counted by inverted microscopy vs crystal violet methods.
Bivariate correlation was used to investigate correlation between NCC &
MSCs, NCC & CFUs, and CFU & MSCs. Statistical analysis was performed
using JMP (SAS Institute, Cary, North Carolina, USA). Signiﬁcance was set
at P < 0.05.
Results: Total NCC in BMC samples ranged from 2.5 - 320x103/ml, with a
128-fold variation in NCC, providing a wide range of data for analysis.
CFUs were present on 59/68 plates; 9 plates showed no growth. There
was no difference in CFUs counts between inverted microscopy and
crystal violet methods (p¼0.08). Presumptive MSCs ranged from 4 60x103 cells/plate. There was no or a very weak correlation between
NCC and CFUs (Figure 1a; r¼0.08, p¼0.38), NCC and MSCs (Figure 1b;
r¼0.20, p¼0.33), and CFUs and MSCs (Figure 1c; r¼0.18, p¼0.52). Cells
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were conﬁrmed MSCs (n¼10) based on ability to differentiate in adipogenic, osteogenic and chondrogenic lineages.
Conclusions: Neither NCC nor CFU are appropriate surrogate methods
for quantifying MSCs in BMC. There are several putative bioactive factors in BMC that could be responsible for its therapeutic effect, but to
quantify MSC, laboratory-based methods such as tri-lineage differentiation or ﬂow cytometry should be used to characterize BMC.
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PRESENTATION NUMBER: 493
HIGH IMPACT MUTATION FN1 AFFECTS CARTILAGE INTEGRITY VIA
ABERRANT BINDING TO COLLAGEN TYPE II
M. van Hoolwerff, A. Rodríguez Ruiz, E. Suchiman, M.J. Bouma,
C.M. Freund, C.L. Mummery, Y.F. Ramos, I. Meulenbelt. Leiden Univ. Med.
Ctr., Leiden, Netherlands
Purpose: By applying exome sequencing to an extended early-onset
osteoarthritis (OA) family followed by linkage analysis, a high impact,
likely causal mutation (C518F) was identiﬁed in the ﬁbronectin (FN1)
gene. Founded by the hypothesis that the underlying pathway in which
this high impact mutation is causing OA may likely be extrapolated to
common, age related, OA disease pathways we here studied the effects
of the identiﬁed high impact mutation on neo-cartilage formation.
Hereto the identiﬁed FN1 mutation was introduced in human induced
pluripotent stem cells (hiPSCs) using CRISPR/Cas9 genome engineering
technology while employing these cells to an established 3D in vitro
chondrogenesis model.
Methods: hiPSCs were electroporated with gRNA/Cas9 complex targeting FN1 and single-strand oligodeoxynucleotide template containing
the speciﬁc FN1 mutation, after which the hiPSCs were plated at low
seeding density to obtain clonal colonies. After 14 days, the multicellular colonies were picked and transferred into a 96-wells plate for
clonal screening and expansion. Positive clones were identiﬁed by PCR
followed by HincIII digestion and conﬁrmed by Sanger sequencing.
Mesodermal lineage differentiation towards induced chondroprogenitor cells (iCPCs) was performed by stepwise changes of the
culture medium. After 14 days, iCPC aggregates were manually picked
and chondrogenesis was initiated in 3D using chondrogenic differentiation medium. Pellets were refreshed twice per week and medium
and pellets were collected following 5 weeks of chondrogenesis.
Simultaneously, conditioned medium of the wildtype and mutant FN1
pellets was collected. After concentrating the medium, a collagen type II
solid-phase binding assay was performed, to compare binding afﬁnity
of wildtype and mutant FN1 to collagen type II.
Results: Sequencing conﬁrmed that out of 274 hiPSC clones 14 (5.1%)
were heterozygous and 3 (1.1%) were homozygous for the C518F FN1
mutation. To investigate the effect of the mutation on chondrogenesis,
in vitro derived neo-cartilage constructs of wildtype, heterozygous, and
homozygous FN1 mutant hiPSCs were generated.

As can be seen in Figure 1, we observed a different morphology in the
3D neo-cartilage pellets formed by homo- and heterozygous FN1
mutated cells as compared to those of wildtype, being that the mutant
chondrogenic pellets are more protrusive and frail. Alcian blue and
collagen type II staining revealed that the frail matrix was not cartilage.
On the other hand, neo-cartilage produced by the iCPCs showed comparable staining intensities between the mutant and wildtype groups.
To study whether the C518F mutation, located in the gelatin-binding
domain of ﬁbronectin, affected binding to collagen type II, we next
determined binding afﬁnity between collagen type II and wildtype,
heterozygous and homozygous mutated ﬁbronectin. As shown in
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Figure 2, we observed a signiﬁcant (P ¼ 0.002) dose response reduction
in binding as function of C518F mutated ﬁbronectin. To study the effect
of the mutation on integrity of neo-cartilage formed, we next explored
chondrocyte signaling as result of the mutation by performing RT-qPCR.
To adjust for differences in efﬁciency between neo-cartilage formation
we used COL2A1 and COL1A1 as housekeeping genes of cartilage tissue.
Notably, ADAMTS-5 and RUNX2 showed a dose response signiﬁcant
upregulation, while ACAN, and FN1 expression were downregulated
with the C518F mutated as compared to wildtype neo-cartilage
chondrocytes.

the MYC/PI3K/AKT pathway, thereby suppressed the degeneration of
chondrocytes both in vivo and in vitro. Intra-AAV-CircZKSCAN1-shRNA
alleviated OA in the mice model.
Conclusions: Our results reveal the impacts of circular RNA ZKSCAN1
both in chondrogenesis and OA progression. CircRNA ZKSCAN1 knockdown enriched the MSC-induced chondrocyte extracellular matrix. It
provides a potentially effective therapeutic strategy for OA progression.
PRESENTATION NUMBER: 495
OPTIMIZATION OF LYOPHILIZED HYPERACUTE SERUM
REGENERATIVE THERAPEUTIC IN OSTEOARTHRITIS

AS

A

I. Olmos Calvo 1, O. Kuten-Pella 1, I. Hornyak 1, 2, A. Hinsenkamp 1, 2,
cs 1, 3, A. de Luna 4, K. Kramer 4, S. Nehrer 4,
E. Fodor 1, 3, S. Taka
Z. Lacza 1, 2. 1 OrthoSera, Krems an der Donau, Austria; 2 Dept.
Translational Med., Semmelweis Univ., Budapest, Hungary; 3 Inst. Sport
and Hlth.Sci., Univ. of Physical Ed., Budapest, Hungary; 4 Danube Univ.
Krems, Krems an der Donau, Austria

Conclusions: By introducing a high impact OA mutation in human
iPSCs while utilizing them in an established 3D in vitro chondrogenesis
model we showed that the binding capacity between ﬁbronectin and
collagen type II is essential for proper cartilage formation. Moreover, as
reﬂected by the aberrant chondrocyte signaling towards a hypertrophic
state, such improper binding makes the cartilage prone to an OA state.
Together our work merits further exploration of ﬁbronectin as potential
target for therapeutic interventions. We advocate that restoring or
maintaining proper binding between ﬁbronectin and collagen type 2
should be the focus of such a quest.
PRESENTATION NUMBER: 494
ZKSCAN1 CIRCULAR RNA DRIVED FROM MESENCHYMAL STEM CELLS
REGULATES
N6-METHYLADENOSINE
MODIFICATION
DURING
CHONDROGENIC DIFFERENTIATION BY INHIBITING MIR-1208
Y. Xu, G. Mao, Y. Kang, D. Long. First Afﬁliated Hosp., Sun Yat-sen Univ.,
Guangzhou, China
Purpose: Mesenchymal stem cells (MSCs) possess the ability of multidifferentiation and can be used as a suitable source of seed cells for
cartilage tissue engineering. The phenotype at the later stage of chondrogenic differentiation also mimics the process of cartilage degeneration. Thus, this study aims to investigate the effect of circRNA ZKSCAN1
from MSC-derived on in chondrogenesis and cartilage degeneration.
Methods: CircRNA deep sequencing was performed to the expression of
circRNAs on the procession of chondrogenesis between 0 day and 14
day. ZKSCAN1 circular RNA expression was assessed in vitro in a human
MSC model of chondrogenesis and in normal and OA primary human
chondrocytes (PHCs). Bioinformatics prediction suggested the potential
ceRNA mechanism between circRNA ZKSCAN1/miR-1208/FTO, which
was veriﬁed by RNA pull down, luciferase reporter assay, ﬂuorescence in
situ hybridisation and rescue experiments. Loss- and gain-of-function
experiments were performed to determine the roles of circRNA
ZKSCAN1, miR-1208 and FTO in chondrogenesis differentiation as well
as cartilage degeneration. The functional effects of adeno-associated
virus(AAV)-CircZKSCAN1-shRNA were validated in mice model.
Results: Chondroblast differentiation at 0 day and 14 day indicated that
circRNA ZKSCAN1 increased in the early stage and decreased in the later
stage. CircRNA ZKSCAN1 and FTO were upregulated, while miR-1208
was downregulated in OA tissues and cells. CircRNA ZKSCAN1 acted as a
sponge of miR-1208 and targeted FTO ﬁnally. FTO repression inactivated

Purpose: Blood-derived products are known to be involved in musculoskeletal regeneration by promoting cell proliferation and modulating
inﬂammation. By altering the cell-hostile microenvironment we are
pursuing to stop or even reverse the degenerative process in the joints
of osteoarthritic patients. Hyperacute serum is a blood-derived product
that retains the regenerative potential of platelet rich plasma (PRP)
overcoming its variability disadvantages. Hyperacute serum obtained
by squeezing a ﬁbrin clot and its composition has been compared to
PRP, showing that it better resembles cellular and molecular concentrations of in vitro and in vivo samples. To expand the potential therapeutic use, a new formulation method as lyophilized powder was
established. This freeze-dried format will enable allogenic therapy with
a highly regenerative, standardized and stable blood product. In contrast to freshly isolated hyperacute serum, which allows for autologous
therapy, where the donors and the patients are the same individuals,
most of the time elderly OA patients; the allogenic serum is a nutrientenriched version as it is obtained from young healthy donors. Moreover,
it is manufactured by pooling multiple donors serum, which solves the
problem of donor variability. Hyperacute serum in lyophilized format
can be stored for longer periods of time, therefore, administration to
patients is facilitated. Two different manufacturing processes lead to
the development of two different versions of lyophilized hyperacute
serum. Our aim is to test the regenerative capacities of the two new
lyophilized hyperacute sera in the context of osteoarthritis (OA) alone
and in combination with hyaluronic acid (HA).
Methods: Two-dimensional (2D) cultures of primary chondrocytes
were kept in culture under different supplementation conditions,
including three versions of hyperacute serum (one freshly isolated and
two lyophilized), PRP, FCS and combinations of hyperacute serumþHA.
These 2D cultures were analyzed with the XTT viability assay. 3D
chondrogenic spheroids from primary-isolated chondrocytes were
developed and kept in culture for 1 week within the listed culture
conditions. In addition to XTT viability analysis , collagen type II and
aggrecan production and secretion within the extracellular matrix,
confocal microscopy together with immunoﬂuorescence were applied.
Results: XTT assays (sample size¼5) of the 2D cultures were performed
at the following time points: day 3, day 5 and day 7. When comparing
the different formats of hyperacute serum at day 3, we have observed
that 10% lyophilized extra-ﬁltered hyperacute serum promotes cell
viability in a comparable level to 10% FCS (1,87 and 1,57 a.u. respectively,
ns). Moreover, increasing the concentration of this hyperacute serum to
20% leads to 2,27 a.u.; however, this increase did not reach the level of
statistical signiﬁcance. In previous publications, it was shown that
freshly isolated hyperacute serum had a high performance in promoting
cell viability as well as in affecting gene expression of genes that play a
role in osteoarthritis, by holding back inﬂammation (TNFa, Il-1b, Il-1ra),
promoting tissue regeneration (COL1A, osteonectin) and preventing
bone degradation (RANKL). However, lyophilized extra-ﬁltered hyperacute serum did not present the same strong effect. We hypothesize
that due to the further ﬁltration process, nutrients including growth
factors were removed, which had a clear impact in promoting cell
viability. Nevertheless, ﬁltered lyophilized hyperacute serum still
showed a comparable effect as FCS, known to be a gold standand in
cellular supplementation. Due to the loss of nutrient supply, a non-ﬁltered lyophilized hyperacute serum with a different manufacturing
process was produced. Same experiments were repeated demonstrating that non-ﬁltered lyophilized hyperacute serum shows a signiﬁcant
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promotion of cell viability (2,93 a.u., P¼0,0313), similarly to freshly
isolated hyperacute serum or PRP (3,26 a.u. and 3,15 a.u., respectively;
ns.). When testing the effect of HA alone (2,19 a.u., ns) or in combination
with extra-ﬁltered or non-ﬁltered lyophilized hyperacute sera, it
showed no signiﬁcant differences in cell viability due to a possible
added effect on such hypercute sera (1,83 a.u. and 3,39 a.u., respectively;
ns.). Further gene expression analysis need to be performed in order to
better understand the mechanisms involved in each of the conditions.
XTT data from days 5 and 7 of culture supported the ﬁndings concerning HA and the signiﬁcant difference between the two lyophilized
versions of hyperacute sera; however, it revealed higher cell viability
when cultures were supplemented with 10% PRP and 10% freshly isolated hyperacute serum. Confocal microscopy of 3D chondrogenic pellets has shown that production and secretion of collagen type II and
aggrecan, two main structural proteins of the cartilage, increased in 3D
chondrogenic spheroids supplemented with the different formulations
of hyperacute sera as well as FCS.
Conclusions: Non-ﬁltered lyophilized hyperacute serum maintains the
supplementation capacity in 2D and 3D chondrogenic cultures, as
shown in the past by the freshly isolated format. The implementation of
hyaluronic acid to such blood-derived products does not show, for now,
any added effect. Non-ﬁltered lyophilized hyperacute serum is a stable
and standardized blood product with regenerative potential in the
context of OA.
PRESENTATION NUMBER: 496
CHONDROGENIC
CONVERSION
MESNECHYMAL
STEM
CELLS
NANOPARTICLES

OF
ADIPOSE
LOADED
WITH

DERIVED
MAGNETIC

L. Labusca 1, D. Herea 1, C. Stavila 1, 2, A. Minuti 1, 2, H. Chiriac 1, N. Lupu 1.
1
Natl. Inst. of Res. and Dev. in Technical Physics, Iasi, Romania; 2 Al I Cuza
Univ. Iasi, Iasi, Romania
Purpose: Iron oxide based magnetic nanoparticles (MNPs) are versatile
tools in biology and medicine. Adipose derived mesenchymal stem cells
(ADSCs) are currently tested in different strategies for regenerative
(RM) purposes. Their superiority compared to other mesenchymal stem
cell sources such as bone marrow or umbilical cord consist in larger
availability and potential use as autologous sources. Chondrogenic differentiation of ADSCs is controversial with some groups reporting good
results and other arguing limited conversion capability. We have previously reported on increased proliferation and differentiation capability in MSC-MNP complexes undergoing mechanical stimulation by
means of magnetic ﬁeld (MF) exposure. In this study we investigated
chondrogenic conversion of ADSC-MNPS with or without MF exposure
Methods: Human primary ADSCs were loaded with proprietary as
prepared iron oxide MNPs by adding them in the culture media. The
effect on proliferation (logarithmic growth curve) and cellular senescence (beta galactosidase assay) in long term culture in vitro was
assessed. Chondrogenic differentiation in vitro in pellet culture system
with or without MF exposure was assessed using gross pellet morphology and histological evaluation (Toluidine Blue staining) as well as
quantitative evaluation of glycosaminoglycans (GAG) deposition relatively to pellet DNA content.
Results: ADSC-MNP complexes displayed superior proliferative capability and decreased senescence after long term (21-30 days) culture in
vitro compared to non-loaded ADSC. Superior chondrogenic conversion
in terms of pellet diameter and GAG/DNA ration could be observed in
ADSC-MNP with or without MF exposure.
Conclusions: ADSC-MNP complexes display decreased cellular senescence and superior chondrogenic capability compared to non loaded
ADSCs in pellet culture in vitro. Further in vivo studies will investigate
the utility of ADSC-MNP complexes for cartilage engineering.
PRESENTATION NUMBER: 497
AMELIORATION OF OSTEOARTHRITIS SEVERITY BY COMPENSATION
OF NKX3.2 EXPRESSION
M. Park 1, H.-K. Oh 2, S.-W. Choi 1, D.-W. Kim 2,1. 1 ICM Co., Ltd., Seoul,
Republic of Korea; 2 Yonsei Univ., Seoul, Republic of Korea
Purpose: Osteoarthritis (OA), the most common chronic form of
arthritis, is an inﬂammatory disease. However, OA pathogenesis can be
affected by a broad range of dysregulations other than enﬂamed
inﬂammation. In fact, maintaining proper dynamics of chondrocyte
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differentiation, survival, and hypertrophic calciﬁcation would be more
fundamental to prohibit the initiation of osteoarthritic degeneration.
These support the reason why previous attempts solely focused on antiinﬂammatory rationale have not been effective in treating OA. To date,
other than symptomatic or palliative therapies, there are no effective
disease-modifying treatments, and signiﬁcant unmet medical needs
exist for a disease-modifying OA drug (DMOAD) capable of restoring
normal joint function. Nkx3.2 (also termed as Bapx1) is initially
expressed in chondrocyte progenitor cells to enhance chondrogenic cell
fate; once chondrogenic differentiation is induced, Nkx3.2 expression is
maintained at high levels in early-stage proliferative chondrocytes,
while its expression is suppressed in late-stage hypertrophic chondrocytes. Consistent with these expression patterns, it has been shown
that Nkx3.2 promotes chondrogenic differentiation and supports
chondrocyte survival, while it inhibits chondrocyte hypertrophy and
suppresses blood-vessel invasion into cartilage. Considering diverse
molecular functions of Nkx3.2 identiﬁed in association with cartilage
physiology, we aimed to prove our hypothesis that Nkx3.2 plays a role
in suppressing OA by preserving functional cartilage, and may serve as a
DMOAD candidate.
Methods: We examined levels of Nkx3.2 expression under OA conditions in multiple rodent models (e.g., STR/ORT, surgery-induced, agedriven OA models) as well as human OA patients. Furthermore, modulation of OA pathogenesis by compensation of Nkx3.2 expression was
examined by using transgenic mice and intra-articular injection of AAVNkx3.2 (Adeno-Associated Virus encoding Nkx3.2) in both surgeryinduced and age-driven OA models. Besides, various in vitro and in vivo
analyses were employed to elucidate molecular mechanisms, in which,
Nkx3.2 suppresses OA pathogenesis.
Results: Nkx3.2 expression was markedly reduced in three different OA
models in mice as well as in human OA patients. Post-natal ectopic
expression of Nkx3.2 using a transgenic approach suppressed DMM-OA
progression in mice. Intra-articular injection of AAV-Nkx3.2 was effective in alleviating OA severity and reducing damaged cartilage in mouse
DMM-OA model. Intra-articular delivery of AAV-Nkx3.2 also ameliorated degenerative joint conditions in aged normal mice. Most notably,
intra-articular injection of AAV encoding Nkx3.2 recuperated degenerated articular cartilage and restrained osteophyte maturation in aged
mice. Longitudinally monitored OA progression in the same animal by
employing in-life micro-CT of aged mice knee joints showed that OArelated changes were progressive in vehicle injected knee joints,
whereas structural anomalies were maintained, if not, mitigated in
AAV-Nkx3.2 injected knee joints. In addition, key molecular functions of
Nkx3.2, which would be necessary for OA suppression (e.g., chondrocyte survival, enhancement of ECM production, inhibition of cartilage destruction), were demonstrated under various in vitro and in vivo
settings including human primary articular chondrocyte isolated from
OA patients.
Conclusions: Our results demonstrate that decreased Nkx3.2 expression was evident in OA and Nkx3.2 plays a key role in preserving
functional articular cartilage. Furthermore, compensating the loss of
Nkx3.2 expression can effectively ameliorate OA severity. In particular,
our results obtained by using intra-articular injection of AAV-Nkx3.2 are
of great interest because these ﬁndings suggest that a Nkx3.2-based
AAV gene therapy could potentially serve as a DMOAD to resolve an
unmet medical need for human patients.
PRESENTATION NUMBER: 498
SPHEROWELL, A NOVEL SYSTEM INDUCING
SPHEROID FORMATION OF CELL MONOLAYERS

AUTONOMOUS

M. Fürsatz 1, 2, P. Gerges 1, 3, S. Wolbank 1, 4, S. Nürnberger 1, 2. 1 Ludwig
Boltzmann Inst. for Experimental and Clinical Traumatology, AUVA
research center, Vienna, Austria; 2 Dept. of Orthopaedics and TraumaSurgery, Div. of Trauma-Surgery, Med. Univ. of Vienna, Vienna, Austria;
3
Inst. of Applied Physics, Vienna Univ. of Technology, Vienna, Austria;
4
Austrian Cluster for Tissue Regeneration, Vienna, Austria
Purpose: Cell spheroids are the most frequently used system for in vitro
chondrogenic differentiation and are gaining increasingly importance
in clinical applications. However, drawbacks of currently used systems
are the lack of early-readout parameters and time as well as reagent
intensive procedures. While this can be partially alleviated by process
automation, it is often not feasible due to high cost of necessary
equipment. Herein we present a completely new concept of spheroid
formation (SpheroWell) allowing for mass-production of chondrogenic
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spheroids from monolayer via growth surface compartmentation with
promising applications in cartilage regeneration and in vitro screening
applications.
Methods: Standard 60 mm cell culture dishes were compartmentalized
with a 1 mm or 3 mm raster by laser engraving. Telomerase immortalized adipose derived stromal/stem cells (ASC/TERT1) were seeded in
mono-culture and in co-culture with primary human articular chondrocytes (hAC) at a total cell number of 1 x 106 cells/dish on compartmentalized dishes. Co-cultures were conducted at 1:4, 1:1 and 4:1
hAC:ASC ratios. Cells were cultured in differentiation media containing
low concentrations of TGFb-3 and BMP-6 (1 ng/ml). The spheroid formation process was analysed using time-laps imaging and bright ﬁeld-/
confocal microscopy and the resulting spheroid sizes were measured.
Chondrogenic differentiation and internal structure were compared to
standard pellet culture using qRT-PCR (collagen type 1/2 (Col1/2) and
aggrecan (Agg)) and (immuno-) histochemistry (Alcian blue and collagen type II). As a model for tissue regeneration spheroids were
embedded into ﬁbrin hydrogel and the cellular outgrowth and matrix
deposition were analysed. Finally the system was assessed for its usability as an in vitro testing system using the spheroid formation process
as an early readout parameter by assessing the effect of interleukin-1b
(IL-1b) on the formation kinetics.
Results: After initial seeding, spheroids self-assembled in a multi-phase
process. After a short proliferation phase, edge regions (especially in
compartment corners) began to retract, followed by roll-up of the
monolayer and ﬁnal condensation into a spheroid (Figure 1). For ASC/
TERT1 mono-cultures this process took about 3 weeks, while addition
of hAC accelerated the formation time to 1-2 weeks in a cell-ratio
dependent manner. However, while ASC and co-cultures up to 1:1 ratio
formed pellets of constant size, hAC ratios over 50% lead to variable and
smaller spheroids due to faster and incomplete monolayer formation.
Apart from cell ratios, spheroid sizes could be controlled by varying the
raster size, yielding highly reproducible mean diameters of 340.9 and
134.4 (SD < 10%) for 3 mm and 1 mm raster respectively (with ASC
mono-cultures). When comparing spheroids from raster plates with
standard pellet culture comparable differentiation capacity was visible
despite the 2D-phase of the initial monolayer in SpheroWells. Internal
structures revealed differences with spheroids showing strands of
matrix homogenously distributed over the cross-section, while pellets
generally showed a pronounced aligned cortex region. When embedding spheroids from raster plates into ﬁbrin hydrogels cellular outgrowth into the hydrogel could be observed, with outgrowth speed
being controllable via hydrogel density. Matrix deposition could be
observed around the outgrowing cells, which was especially pronounced in co-cultures. Finally, ﬁrst results using the system as an in
vitro testing system were obtained. Treatment of raster plate cultures
with IL-1b showed a strong reduction in spheroid formation time
serving as early readout parameters, while as expected showing abolishment of Col2 expression in endpoint analysis.

Figure 1 Schematic of the spheroid formation process. After seeding

of cells into SpheroWell a monolayer is formed subdivided by the
compartment edges, followed by edge retraction, monolayer roll-up
and condensation into a spheroid.
Conclusions: The new culture system, SpheroWell, is highly efﬁcient in
spheroid generation, saving time and culture medium and allowing for
additional early read outs via tracking the spheroid formation process.
The ability to produce and maintain hundreds of spheroids within one
dish, which can be easily integrated into pre-existing production and
research workﬂows makes it attractive for high throughput testing and
clinical spheroid application.

PRESENTATION NUMBER: 499
EFFECT OF DIFFERENT TYPES OF ELECTRICAL STIMULATION ON
INTRACELLULAR CALCIUM LEVELS IN HUMAN MESENCHYMAL
STEM CELLS AND CHONDROCYTES
R. Vaiciuleviciute 1, I. Uzieliene 1, A. Alaburda 2, V. Novickij 3,
A. Mobasheri 1, 4, E. Bernotiene 1. 1 State Res. Inst. Ctr. for Innovative Med.,
Vilnius, Lithuania; 2 Life Sci. center, Vilnius Univ., Vilnius, Lithuania;
3
Faculty of Electronics, Vilnius Gediminas Technical Univ., Vilnius,
Lithuania; 4 Univ. of Oulu, Oulu, Finland
Purpose: Electrostimulation (ES) is a noninvasive treatment modality
used for pain relief in osteoarthritis (OA). However, the effects of ES are
not restricted to peripheral nerves and impact joint tissues also. At the
cellular level ES changes the membrane potential and ion ﬂuxes
through voltage gated ion channels, thus stimulating intracellular
processes and regulating cell differentiation. Voltage gated calcium
channels (VGCC) are one of the most important channels enabling
calcium ion entry into cells, which further participate in various signaling pathways during cell proliferation, differentiation and metabolism. However, it is not fully understood whether different types of ES
affect the levels of intracellular calcium (iCa2þ) through regulation of
VGCCs in human mesenchymal stem cell (MSCs) and chondrocytes. The
aim of this study was to compare the responses of iCa2þ levels and
proliferation in human bone marrow MSCs (BMMSCs) and primary
human chondrocytes to different protocols and types of ES including
pulsed ES of high amplitude and continuous ES of low amplitude and
long duration.
Methods: Human chondrocytes were isolated from knee cartilage of OA
patients undergoing joint replacement (n¼3) and mesenchymal stem
cells were derived from bone marrow (n¼3) after informed consent.
ICa2þ currents in chondrocytes were measured using the patch
clamp method after treating them with the L-type VGCC inhibitor
nifedipine (10 mM) or the agonist BayK8644 (10 mM). Stimulation using
two different types of ES were applied to both cell types - continuous ES
and nanosecond pulsed electric ﬁeld. Continuous ES (5 V/cm electric
ﬁeld, pulse duration 8 ms and the frequency of pulse was 5.0 Hz) was
applied for 72 hours, iCa2þ level and cell proliferation was measured at
3 time points, days 1, 3 and 7. Unstimulated cells were used as a control
group. ICa2þ levels were evaluated in both cell types as determined by
the Ca2þ speciﬁc ﬂuorescent dye Cal-520 (measured with SpectraMax
scanning microplate spectroﬂuorometer). Cell proliferation and metabolic activity were analysed using the cell proliferation kit 8 (CCK-8).
Cell viability was determined using a haemocytometer. Pulsed electric
ﬁelds were applied using 2 different protocols: 3.4 kV/cm x 200 ns and
1.4 kV/cm x 100 ms and additionally treated or not with nifedipine (10
mM) or BayK8644 (10 mM). ICa2þ levels were evaluated by ﬂow
cytometry immediately after ES, using the Ca2þ speciﬁc ﬂuorescent dye
Cal-520.
Results: Patch clamp analysis revealed Ca2þ currents only in chondrocytes stimulated with BayK8644. Continuous ES signiﬁcantly
increased BMMSC proliferation (p¼0.0002) on day 1, but not on days 3
and 7. Moreover, iCa2þ levels tended to decrease in continuous ES
stimulated BMMSCs, as compared to unstimulated group, while in
chondrocytes, the levels of iCa2þ remained similar (Fig. 1). However,
chondrocytes were more sensitive to ES, and on day 3, cell viability was
signiﬁcantly reduced (p¼0.0221), as compared to BMMSCs, potentially
due to their smaller size. The application of pulsed ES (1.4 kV/cm x 100
ms) signiﬁcantly elevated iCa2þ levels in both cell types (Fig. 2). Nifedipine or BayK8644 had no effect on iCa2þ levels in unstimulated
control BMMSCs and chondrocytes. Under pulsed ES, nifedipine did not
substantially alter iCa2þin either cell type, whereas BayK8644 signiﬁcantly upregulated iCa2þ levels in BMMSCs but not in chondrocytes
(Fig. 2). Stimulation with other pulsed ES protocol (3.4 kV/cm x 200 ns)
had no effect.
Conclusions: Ca2þ currents and levels of iCa2þ responded differently to
ES in BMMSCs and chondrocytes, as determined by patch clamp analysis, spectrophotometry and ﬂow cytometry. Continuous ES resulted in
somewhat reduced levels of iCa2þ only in BMMSCs, but altered proliferation of both cell types and decreased the viability of chondrocytes
only. Pulsed ES (1.4 kV/cm x 100 ms) strongly upregulated iCa2þ in both
cell types, which was additionally upregulated by BayK8644 only in
BMMSCs but not chondrocytes. These data suggest that iCa2þ signaling
is differently regulated in these cell types.
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Fig. 1 Neo-cartilage (upper panel) and neo-bone (lower panel)
deposited by iMSCs. FOA: cells from early-onset OA family members; FOA-R: cells repaired for the identiﬁed mutation).
PRESENTATION NUMBER: 500
UNRAVELLING
THE
ROLE
OF
OSTEOPROTEGERIN
IN
OSTEOARTHRITIS BY APPLYING A HUMAN ISOGENIC INDUCED
PLURIPOTENT STEM CELL MODEL
A. Rodriguez Ruiz, M. van Hoolwerff, A. Das, L.C. Ciere, M. Tuerlings,
V. Orlova, H. Suchiman, C.M. Freund, C. Mummery, I. Meulenbelt,
Y.F. Ramos. Leiden Univ. Med. Ctr., Leiden, Netherlands
Purpose: Founded by the hypothesis that the OA disease pathway of the
previously identiﬁed high impact gain-of-function mutation in
TNFRSF11B could be extrapolated to common, age-related, OA disease
phenotypes, we set out to functionally study its effect. To this end, we
established in vitro hiPS derived spherical chondrogenic and osteogenic
pellets and compared TNFRSF11B mutated cells generated from affected
family members to CRISPR/Cas9 repaired isogenic control cells. Given
that the mutant OPG decoy receptor more efﬁciently antagonizes
osteoclastogenesis, we expect that the mutation affects matrix mineralization hence inﬂicting the observed chondrocalcinosis phenotype.
Methods: Using skin ﬁbroblasts, hiPSCs of an affected family member
were created (FOA) and differentiated to induced mesenchymal stromal
stem cells (iMSCs). These were differentiated for 6 weeks to deposit
neo-cartilaginous and neo-osseous pellets or neo-bone in parallel with
a CRISPR-Cas9 repaired hiPSC line (FOA-R) serving as an isogenic control. Presence of glycosaminoglycans was determined by Alcian blue
while mineralization was determined by Alizarin red staining. Gene
expression analyses were performed to study anabolic markers and
hypertrophy (ie, COL2A1, COL1A1, COL10A1) and matrix mineralization
(ie, ALPL, MGP).
Results: As demonstrated by the intensity of Alcian blue and Alizarin
red staining of spherical neo-cartilaginous and neo-osseous pellets,
respectively (Figure 1) the bi-directional differentiation via iPSC derived
iMSCs appeared successful. Additionally, while only subtle differences
in intensity were observed for the Alcian blue staining, the Alizarin red
staining intensity in FOA mutated neo-osseous pellets was clearly
higher as that of the FOA-repaired pellets, indicating increased matrix
mineralization (Figure 1). Gene expression analyses of neo-cartilaginous pellets, showed, however, that in the presence of the FOA
TNFRSF11B mutation, MGP levels were considerably decreased (FD¼0.14
P¼1.6x10-13), indicating cell signaling towards matrix mineralization
also in the mutated neo-cartilaginous tissues. In line with this, neocartilaginous tissues from FOA mutated cells compared to FOA repaired
cells expressed lower levels of COL2A1 (FD¼-6.8, P-value¼3.9x10-3)
concomitant with higher levels of COL1A1 (FD¼1.7, P-value¼7.4x10-3).
Additionally, in the FOA mutated neo-osseous pellets gene expression
analysis showed a higher expression of RUNX2 (FD¼2.6, P-value¼
8.29x10-3) and a trend towards a higher expression of COL1A1 (FD¼1.54,
P-value¼ 0.079) and ALPL (FD¼1.57, P-value¼0.055) relative to FOA
repaired neo-osseous pellets.supplements.

Conclusions: Employing hiPS-cells from early-onset OA family members (FOA) and CRISPR/Cas9 repaired isogenic controls (FOA-R) in an
established spherical 3D in vitro chondrogenic and osteogenic pellet
model conﬁrmed that the previously identiﬁed gain of function mutation in TNFRSF11B encoding OPG acts via increased matrix mineralization of cartilage and bone. In cartilage, likely, this is modulated via MGP
expression as suggested by the signiﬁcant lower levels in the mutant
cells. This may raise the possibility to slow down OA progression in
early-onset family members with the use of vitamin K.
PRESENTATION NUMBER: 501
INTRA-OSSEOUS APPLICATION OF PLASMA RICH IN GROWTH
FACTORS TO TREAT ACUTE CARTILAGE DEFECTS IN RABBITS:
EVALUATION OF BLOOD BIOMARKERS (HYALURONIC ACID AND
COLLAGEN TYPE II CLEAVAGE EPITOPE)
 1, B. Cuervo 1, D. Chicharro 1,
M. Torres Torrillas 1, E. Damia
ez 1, J. Carrillo 1, K. Satue 1,
A. Del Romero 1, L. Miguel 1, M. Rubio 1, P. Pela
 n 2. 1 Cardenal Herrera Univ.. CEU Universities, Alfara
J.J. Sopena 1, J.J. Cero
Del Patriarca, Spain; 2 Univ Murcia, Murcia, Spain
Purpose: Osteoarthritis (OA) is the most frequent musculoskeletal disorder, and it is estimated to affect over 303 million people worldwide.
Pain is the most predominant symptom followed by mobility limitations,
having a great impact in both physical and mental wellbeing of patients.
OA places a signiﬁcant socio-economic burden on societies, and due to
the overall ageing of the population and the increasing prevalence of
obesity it is expected an increase of 50% in the number of people with OA
over the next 20 years. OA is considered to be a “whole joint disease”, not
solely cartilage driven, but with other joint’s structures affected. It is
characterized by progressive articular cartilage degeneration together
with thickening of subchondral bone, osteophyte formation and synovium inﬂammation. Conventional OA treatments, such as physical
therapy, drug therapy and surgery are important to manage pain and
swelling, as well as to improve the joint function. However, these
treatments are not effective to prevent the progression of the pathology,
so the development of new treatment strategies for OA are urgently
needed. During the last decade, advances in regenerative medicine have
offered novel methods to treat OA. Mesenchymal Stem Cells and Plasma
Rich in Growth Factors (PRGF) have gained the interest of researchers
and clinicians due to its chondrogenic potential. The intra-articular (IA)
application of these therapies has shown positive outcomes such as
increase in cartilage thickness, improvements in pain and function of the
affected joint and lower recovery times. However, in severe cases of OA
in which the subchondral bone is severely damaged, the therapeutic
potential is limited, so a new strategy to apply these therapies is needed,
such as intra-osseous (IO) application. The main objective of this study
was to evaluate the effect of the IO application of PRGF in rabbits with an
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acute chondral defect by measuring serum concentrations of hyaluronic
acid (HA) and collagen type II cleavage epitope (C2C), which are OA
biomarkers that have been deeply studied in animals OA models.
Methods: Study groups: A total of thirty-three healthy, six months old,
female rabbits were included in the study. Animals were randomly divided into two groups, depending on the IO applied treatment: Control
group (CT) (n¼17) and treatment group (TTO) (n¼16). Additionally, rabbits of each group were divided into two subgroups, depending on the
time that they were sacriﬁced: 56- (n¼16) or 84- (n¼17) days post-surgery. PRGF obtention: Before surgery, a total of 15 mL of blood were collected by auricular artery puncture in citrate tubes. The tubes were
centrifugated at 460 g for 8 minutes. Just before the inﬁltration, the platelets present in the PRGF fraction were activated with calcium chloride.
Surgical procedures: To create the chondral defect a small incision of
approximately 1.5 cm was made over the medial femoral condyle area. A
drill bit of 4 mm diameter was inserted through the incision and placed
over the condyle to create a cartilage defect of 4 mm depth. After the
closure of the incision an IA inﬁltration of 0.25 mL of PRGF was performed
in animals of both groups, followed by the IO inﬁltration of 0.5 mL of saline
solution (CT group) or PRGF (TTO group). To perform the IO inﬁltration a
15 G spinal needle was inserted in the femoral epiphysis. Same procedure
was performed in the contralateral joint. Biomarkers analysis: Blood
samples (3 mL) were taken just before the surgery and at 28-, 56- and 84days post-surgery. The blood samples were centrifugated and the
obtained serum was used to perform the ELISA immunoassay tests for C2C
(IBEX® 60-1001-001) and HA (TECO ® TE1017-2) biomarkers.
Results: No signiﬁcant differences in C2C serum concentration were
observed between groups at any study time. Even though, a decrease in
C2C serum concentration can be observed in the TTO group at 84- days
post-surgery, while the C2C serum concentration in the CT group
remains increased (Figure 1). With regards to HA serum concentration,
signiﬁcant differences were observed between treatment groups at 56days post-surgery. A signiﬁcative higher concentration of HA was
observed in the TTO group at 56- days, followed by a sudden fall of these
levels at 84- days post-surgery. However, HA serum levels in CT group
remain stable for all the study times (Figure 2).
Conclusions: HA and C2C are OA biomarkers that have been used both,
for early diagnosis of OA and for monitoring the progression of the
disease and the response to treatment. These biomarkers are released
when the cartilage suffers a damage, and high concentrations of C2C
and HA in serum or synovial ﬂuid mean an increase in cartilage
catabolism. Our results may suggest that the cartilage’s regeneration
process is going faster in the TTO group than in the CT group, even
though no signiﬁcant differences have been obtained. These results
could be explained by the low number of animals or by the short followup period. Further studies are needed with larger number of animals
and longer follow-up periods to prove the effectiveness of the IO
application of PRGF in the cartilage regeneration process. Additionally,
histological and biomechanical assessments are also required.

PRESENTATION NUMBER: 502
MESENCHYMAL STEM CELL DERIVED EXTRACELLULAR VESICLES AS
TREATMENT FOR OSTEOARTHRITIS IN A RAT HIGH FAT DIET
GROOVE MODEL
K. Warmink, D.R. van Valkengoed, S. Versteeg, N. Eijkelkamp,
H. Weinans, N.M. Korthagen, M.J. Lorenowicz. UMC Utrecht, Utrecht,
Netherlands
Purpose: Mesenchymal stromal/stem cells (MSC) hold a great promise
to control the imbalance between anabolic and catabolic processes in an
OA joint due to their immunomodulatory and regenerative capacities.
Recently, intra-articular injections with human MSC entered the clinical
trials as a novel, low invasive and relatively cheap therapy for OA.
Although, the results of this novel treatment are promising, it remains
unclear how MSC exert their beneﬁcial effects in inﬂammation and
tissue (cartilage) repair. Increasing evidence suggests that the therapeutic efﬁcacy of MSC depends on paracrine signaling. Recently we
have shown that MSC-derived extracellular vesicles (MSC-EVs) are an
important component of this signaling and have a major contribution to
cartilage regeneration and inhibition of TNF-alpha stimulated inﬂammatory responses in chondrocytes in vitro. Extracellular vesicles (EVs)
are secreted by all cell types and range in size from 40 - 100 nm (exosomes) and from 100 -1000 nm (microvesicles). They increasingly
appear to play an important role in intercellular communication by
transportation of important molecules (peptides, mRNA, miRNA,
enzymes). MSC-derived EVs have a great potential to serve as a safer cell
free therapy for OA. The purpose of this study was to investigate if MSCderived EVs can inhibit inﬂammation and promote cartilage repair to a
similar extent as MSCs in a rat high fat diet groove model of OA.
Methods: 36 male Wistar-han (Crl:WI(Han) rats were fed a high fat diet
for 24 weeks, starting at an age of 12 weeks old. In week 12 of the study
the rats received unilateral surgery where local cartilage damage was
induced at the right knee joint by making ﬁve longitudinal grooves on
the femoral condyles. In week 13 the rats were randomized into 3
groups and given an intraarticular injection with either PBS, 2 million
human bone marrow derived MSCs or EVs derived from 2 million MSCs.
The extracellular vesicles group received 5 of these doses with 5 days
interval. Before, during and after the injections pain behavior was
monitored by dynamic weight bearing and via measuring the left and
right hind paw withdrawal responses to the application of von Frey
hairs. uCT scans were made at week 0 and week 24, and used to
determine the number of osteophytes and cartilage mineralization in
the tibia. Additionally, tibial subchondral plate thickness, trabecular
bone thickness, and trabecular bone volume fraction (total volume/
trabecular bone volume) were measured using ImageJ 1.47v. At endpoint animals were sacriﬁced and the knee joints were harvested. Joint
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tissue is currently under preparation for histological staining to determine the OARSI histopathological score for rats. Data is represented as
mean þ/- standard deviation (SD) and the difference between the
means in the three groups was statistically tested using one way
ANOVA.
Results: Results from the von Frey tests showed a clear decrease in 50%
withdrawal threshold in the right hind paw, which was expected as the
right side was the grooved limb. However, no difference between the
three treatment groups in either left or right paw was seen. The mean
osteophyte number in the PBS group was 4.7 (þ/- 0.65) versus 3.6
(þ/-2.15) in the MSC group and 4.3 (þ/-1.8) in the MSC-EV group (ﬁgure
1A). In the MSC and MSC-EV treatment groups the variation in osteophyte number and total osteophyte diameter between the animals was
large compared to the PBS group. Cartilage mineralization were
observed in 9 of 12 animals in the PBS and MSC group and in 5 of 12
animals in the MSC-EV group. Both the number and total diameter was
lowest in the MSC-EV group, but there was no signiﬁcant difference as
compared with control groups (Figure 1B). Other parameters measured
on uCT like bone volume fraction, subchondral plate and trabecular
bone thickness were similar between the 3 groups. Results from the
OARSI histopathological score for rats is currently under preparation.
Conclusions: Preliminary results from this in vivo study show no signiﬁcant differences between PBS, MSC or MSC-EV treatment on uCT
data or von Frey test. However, we do observe a large spread in
osteophyte score and total diameter in the MSC and MSC-EV treated
groups, which could be a sign that individual animals are responding
differently to the treatments. Data from the OARSI scoring will help us
determine if the response really is variable for MSC and MSC-EV
treatment groups. This would be in accordance with observations made
in humans, as many clinical trials that test MSC-based therapies report a
substantial nonresponder group. In summary, although osteophytes are
one of the hallmarks of osteoarthritis, we feel a complete picture of the
joint damage including cartilage and synovium is needed to draw
conclusions on the effect of the treatments in this study.
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orthopedic conditions has become a common practice. The therapeutic
effect of BMA/BMC is thought to revolve primarily around the mesenchymal stem/stromal cell (MSC) population residing within the
nucleated cell fraction. MSCs have the unique ability to respond to site
of injury via the secretion of immunomodulating factors, resolving
inﬂammation in diseased joints. Recently, the importance of hematocrit
(HCT) in BMC has been debated, as the potential impact on MSC function is unknown. In the present study, we investigate MSC health over a
short time-course following exposure to a range of HCT and red blood
cell releasate (RBCrel) conditions.
Methods: Bone marrow-derived human MSCs in early passage were
grown under conditions of 0%, 2.5%, 5%, 10%, 20% and 40% HCT and
RBCrel conditions for 3 days. At each day, the percentage of viable,
apoptotic and necrotic MSCs was determined via ﬂow cytometry. Relative viable MSC counts in each condition was determined to account
for dynamic changes in overall MSC densities over the time-course.
Statistical analysis was performed using a one-way ANOVA comparing
test conditions to the control followed by a Dunnett’s multiple comparison test.
Results: Signiﬁcant reductions in viable MSCs concurrent with an
increase in necrotic MSCs in high HCT and RBCrel conditions was
observed within 24 hours. At each successive timepoint, the percent
and relative number of viable MSCs were reduced, becoming signiﬁcant
in multiple HCT and RBCrel conditions by Day 3. Necrosis appears to be
the initial mode of MSC death following exposure to HCT and RBCrel,
followed by apoptosis in surviving MSC fractions.
Conclusions: Various levels of HCT and RBCrel severely compromise
MSC health within 3 days and HCT should be controlled in the preparation of BMC products. Further, HCT of BMCs should be routinely
recorded and tracked with patient outcomes along with routine metrics
(e.g. nucleated cell counts, ﬁbroblast-colony forming units). Differences
in HCT may account for the inconsistencies in the efﬁcacy of BMC
reported when treating orthopedic conditions.
PRESENTATION NUMBER: 504
ASSOCIATION OF BIOLOGIC TREATMENTS WITH SYMPTOMS AND
ADVERSE EFFECTS IN PATIENTS WITH OSTEOARTHRITIS - A
NETWORK META-ANALYSIS
Y. Li 1, Y. Mai 1, P. Cao 1, X. Wen 1, T. Fan 1, J. Wang 1, G. Ruan 1, W. Zhang 2,
C. Ding 1, 3, Z. Zhu 1, 3. 1 Clinical Res. Ctr., Zhujiang Hosp., Southern Med.
Univ., Guangzhou, China; 2 Faculty of Med. & Health Sci., Univ. of
Nottingham, Nottingham, United Kingdom; 3 Dept. of Rheumatology and
Clinical Immunology, Zhujiang Hosp., Southern Med. Univ., Guangzhou,
China

PRESENTATION NUMBER: 503
RED BLOOD CELLS AND THEIR RELEASATES COMPROMISE BONE
MARROW-DERIVED HUMAN MESENCHYMAL STEM/STROMAL CELL
SURVIVAL IN VITRO
R.C. Dregalla, J.A. Herrera, E.J. Donner. Elite Regenerative Stem Cell
Specialists, Johnstown, CO, USA
Purpose: The use of bone marrow aspirate (BMA) and bone marrow
aspirate concentrate (BMC) in the treatment of inﬂammatory

Purpose: Osteoarthritis (OA) has become a major global challenge due
to its rising prevalence, causing enormous burden individually and
socially. So far, there are no licensed drugs with disease-modifying
effect, and current pharmacological treatment options have only
symptom-relieving effects. Studies have shown that anti-inﬂammatory
biological interventions (e.g. TNF-a inhibitors and IL-1 inhibitors) could
potentially attenuate the progression of OA thus serve as promising
therapies in the future. We hereby conducted this network metaanalysis to examine the efﬁcacy and safety of several novel biologic
interventions for the treatment of OA.
Methods: PubMed, Web of science, Embase, Cochrane Library Central
Register of Controlled Trials (CENTRAL) and ClinicalTrials.gov databases
were searched up to Oct 14, 2020. Randomized controlled trials (RCTs)
and single arm clinical trials comparing biologics with placebo or each
other in patients with OA were included. The primary outcomes were
the mean change from baseline in pain and physical function score.
Secondary outcomes were adverse events (AEs) and mean change in
stiffness score. Conventional meta-analysis and Bayesian network
meta-analysis were performed. The inconsistency of the models was
accessed using the node-splitting method. A sensitivity analyses was
conducted to test the robustness of the model.
Results: 14 studies were analyzed, including 12 RCTs and 2 pilot studies.
In the conventional meta-analysis, inﬂiximab [standardized mean differences (SMD) -2.04; 95%CI -2.56 to -1.52] and etanercept (SMD -0.47;
95%CI -0.89 to -0.05) were superior to placebo for knee pain. In the
network meta-analysis, inﬂiximab achieved a greater pain improvement compared with hyaluronic acid (HA) (SMD -22.54; 95%CI -34.76 to
-9.63), adalimumab (SMD -21.36; 95%CI -33.01 to -10.43), anakinra
(SMD -24.12; 95%CI -39.13 to -9.64), canakinumab (SMD -32.48; 95%CI
-45.19 to -20.51), etanercept (SMD -18.16; 95%CI -30.94 to -5.18),
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hyaluronic acid
1.30 (-6.72, 7.37)
-1.68 (-15.73,
11.80)
-9.94 (-22.19,
0.72)
4.16 (-4.09, 12.50)
22.54 (9.63,
34.76)*
-2.16 (-13.62,
7.36)
-7.29 (-19.45,
3.54)
-2.88 (-11.67,
4.93)

adalimumab
-2.80 (-15.39,
10.12)
-11.12 (-21.00,
-1.03)*
3.06 (-5.28, 12.68)
21.36 (10.43, 33.01)
*
-3.33 (-12.15, 5.15)
-8.48 (-18.41, 1.56)
-4.11 (-10.01, 2.26)

anakinra
-8.44 (-21.92,
canakinumab
5.24)
5.92 (-7.99, 20.41) 14.20 (3.25, 26.51)
*
24.12 (9.64,
32.48 (20.51,
39.13)*
45.19)*
-0.65 (-13.78,
7.88 (-2.95, 17.63)
11.83)
-5.70 (-19.15,
2.69 (-5.31, 10.61)
7.81)
-1.37 (-12.53,
7.02 (-0.85, 15.31)
10.00)

etanercept
18.16 (5.18, 30.94)* inﬂiximab
-6.42 (-18.16, 3.44) -24.68 (-36.49,
-14.05)*
-11.46 (-23.82,
-29.77 (-42.41,
-0.55)*
-17.83)*
-7.15 (-16.29, 1.12) -25.45 (-35.06,
-16.14)*

lutikizumab
-5.21 (-14.87,
5.63)
-0.82 (-6.54,
6.20)

naproxen
4.33 (-3.40,
12.58)

placebo
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Result of network meta-analysis of pain

result of network meta-analysis of physical function
hyaluronic acid
11.23 (-5.21, 27.04)
7.17 (-17.49, 30.76)
4.03 (-26.35, 34.10)
12.01 (-12.11, 33.60)
8.14 (-16.05, 32.21)
10.38 (-9.72, 29.51)

adalimumab
-3.90 (-22.55, 13.63)
-6.88 (-40.57, 26.52)
0.75 (-15.80, 16.72)
-2.79 (-21.04, 15.59)
-0.88 (-12.24, 10.42)

canakinumab
-3.24 (-41.44, 34.31)
4.80 (-14.57, 22.90)
1.10 (-13.90, 15.91)
3.22 (-10.87, 17.51)

etanercept
7.99 (-30.07, 44.81)
4.15 (-33.54, 42.46)
6.22 (-28.79, 41.18)

lutikizumab
-3.76 (-22.15, 15.99)
-1.58 (-13.16, 10.96)

naproxen
2.14 (-12.60, 16.55)

placebo
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lutikizumab (SMD -24.68; 95%CI -36.49 to -14.05), naproxen (SMD
-29.77; 95%CI -42.41 to -17.83) and placebo (SMD -25.45; 95%CI -35.06
to -16.14). Inﬂiximab (SMD -32.48, 95%CI -45.2 to -29.5), adalimumab
(SMD -11.12; 95%CI -21 to -1.03) and etanercept (SMD -14.2; 95%CI
-26.51 to -3.25) were all superior to canakinumab in relieving pain, but
adalimumab and etanercept were both not superior to placebo. No

First author/
trialsregister
number

Year

Number of
patients

D. Aitken

2018 43

Joint Followup

Study
Single
design
center/
Multicenter

hand 12 weeks single
center

RCT
crossover
study

signiﬁcant differences were observed between biologics and placebo
regarding physical function, stiffness and adverse effects (AEs).
Conclusions: Inﬂiximab treatment may relieve joint pain in patients
with OA, however, the efﬁcacy of other novel biologics was uncertain
and more randomized controlled trials are warranted.

Intervention

Primary outcome

Secondary outcome

change in AUSCAN pain,
placebo;adalimumab (40 change in VAS
mg SC every other week) hand pain over 12 function and stiffness subscale
from baseline to 4, 8 and 12
weeks.
weeks; improvement in MRI
detected synovitis and BMLs
from baseline to 12 weeks;
change in the VAS pain subscale
from baseline to 4 and 8 weeks.
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Chevalier

2009 170

knee 12 weeks multicenter RCT

Chevalier

2014 85

hand 26 weeks multicenter RCT

Verbruggen

2014 60

hand 52 weeks single
center

RCT

Fleischmann

2019 350

knee 52 weeks single
center

RCT

Kloppenburg

2018 131

hand 26 weeks single
center

RCT
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change in WOMAC secondary efﬁcacy endpoint:
score from baseline change from baseline at each
postbaseline visit in the
to week 4.
WOMAC score and in scores of
the 3 WOMAC domains, as well
as achievement of d 50%
improvement from baseline in
the WOMAC score. Exploratory
end point: the amount of
rescue analgesic used and time
to NSAID/analgesic
reintroduction. Additional
efﬁcacy assessment: change
from baseline in the patient’s
assessment of pain activity and
the patient’s global assessment
of disease activity, change from
baseline in the physician’s
global assessment of disease
activity. Responder
status. exploratory end points:
the amount of rescue analgesic
used and time to NSAID/
analgesic reintroduction. safety
endpoint: adverse events
(AEs), serious AEs, infections,
serious infections, and changes
in hematologic and laboratory
chemistries.
number of painful joints;
Placebo;Adalimumab
percentage of
swollen joints; morning
(40 mg SC)
patients with an
stiffness duration; patient and
improvement of
more than 50% in practitioner global assessments,
global pain (VAS) functional indexes for hand OA;
consumption of analgesics.
between week 0
and week 6.
effects on clinical variables
Placebo;Adalimumab
the control of
(40mg SC every 2 weeks) structural damage (included: pain on palpation;
palpable swelling; grip strength
on radiography.
of both hands; pain, morning
stiffness and function was
registered by the self-reported
AUSCAN questionnaire; adverse
events).
changes from baseline in
(1) change from
Placebo;Lutikizumab
WOMAC pain score at weeks 26
baseline to week
(25mg SC
16 in WOMAC pain and 52; Intermittent and
Q2W);Lutikizumab
Constant Pain score at weeks
score. (2) change
(100mg SC
16, 26, and 52; 3 types of pain
from baseline to
Q2W);Lutikizumab
intensity measures using NRSweek 26 in MRI(200mg SC Q2W)
detected synovitis 11 scales; OMERACT; OARSI
in the index knee. response at weeks 16, 26, and
52; radiographic medial and
lateral JSN; changes from
baseline to week 26 in synovitis
as assessed by DCE-MRI; AEs;
vital signs; physical
examinations and laboratory
data.
change from baseline to 26
change from
Placebo;Lutikizumab
weeks in AUSCAN function
baseline to 16
(200 mg SC every 2
weeks in AUSCAN. subdomain score; change from
weeks for 24 weeks)
baseline to 26 weeks in swollen
and tender joint counts; change
from baseline to 26 weeks in
swollen and tender joint
counts; synovitis, erosive
damage; cartilage space loss;
bone marrow lesions; AEs; vital
signs; physical examinations
and laboratory data.
Placebo;anakinra (50
mg);anakinra (150 mg)
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S.X. Wang

2017 36

knee 127 days single
center

Kloppenburg

2018a 90

hand 1 year

RCT

multicenter RCT

NCT01144143 2018 16

knee 2 months single
center

RCT

NCT01160822 2012 169

knee 126 days multicenter RCT

Cohen

multicenter RCT
2011 partA:68;partB:160 knee Part A:
140
days.Part
B:12
weeks

Wang J

2018 56

knee 4 weeks

single
center

open label
RCT

Placebo;ABT981 (0.3mg/
kg every other
week);ABT981 (1mg/kg
every other
week);ABT981 (3mg/kg
every other
week);ABT981 (3mg/kg
every 4 weeks)
Placebo;Etanercept
(50mg SC weekly for the
ﬁrst 24 weeks; 25mg SC
weekly for the
remainder of the study)

sadety, tolerability, immunogenicity, PD variables
PK of ABT981.
and biomarkers, patientsreported outcomes.

Placebo;inﬂiximab
IA;standard care
(methylprednisolone
acetate)
part
A:placebo;canakinumab
(IA 150mg, 300mg,
600mg);part
B:placebo;canakinumab
(IA 600mg);naproxen
(500mg orally, twice
daily for 12 weeks)

change in cellular
inﬁltrates on
day28.

VAS pain at 24
weeks.

part A:intolerance
event on day3;part
B:VAS change from
baseline on day4;
WOMAC pain
change from
baseline on week4.

Secondary clinical endpoints:
VAS pain at 1 year, patient and
physician global assessment,
health-related quality of life
(physical component summary
(PCS) of SF-36), FIHOA, number
of tender or swollen joints and
grip strength (right and left
hand averaged), all at 24 weeks
and 1 year.Secondary imaging
endpoints: number of joints
with synovial thickening and
power Doppler signal on
ultrasound at 24 weeks and 1
year, and radiographic
progression assessed with (1)
Verbruggen-Veys scores at 24
weeks and 1 year, and (2)
change in GUSS scores over 1
year in the per-protocol
population.
change in joint effusions on
day56; WOAMC change on
day56; serum IL6, CRP and SAA
level on day56.
part B: VAS and WOMAC pain,
stiffness, function change at
week 4,8,12; precentage of
responders in VAS and people
used rescue analgesic during
study at day4, week 1,2,4,8,12;
patient's global assessment and
physician's global assessment
of response to treatment at
day4, week 2,4,8,12; Cmax;
Tmax; AUClast; AUC(0-inf);
terminal phase half-life of
canakinumab; CL/F; Vz/F.
part A: PK of AMG108. part B:
safety and PK of AMG 108.

part A:treatmentemerent AEs,
infectious AEs,
serious AEs,
infection,
injection-site
reations,
laboratory
abnormalities.Part
B: change from
baseline to week 6
in the WOMAC
pain score, change
in subcomponent
and composite
WOMAC scores
from baseline to
weeks 6 and 12.
pain VAS score at WOMAC pain, function,
adalimumab 10mg (IA
week 4.
stiffness and total score at week
on day 0 followed by
4; patient global assessment
celecoxib 200mg/d for 4
and physician global
weeks);hyaluronic acid
assessment score at week 4.
(25mg IA on day 0
followed by celecoxib
200mg/d for 4 weeks)
part A:placebo;AMG108
(100mg IV);AMG108
(300mg IV);AMG108
(300mg SC);AMG108
(75mgSC)part B:
Placebo;AMG108
(300mg SC)
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Ohtori

2015 39

knee 4 weeks

single
center

Fioravanti

2009 10

hand 1 year

single
center

Characteristics of included studies
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VAS pain for
movement at week
1, 2 and 4; WOMAC
pain, stiffness and
function at week 4;
anterior-posterior
view radiograph
using the KL
grading system;
adverse events.
Patient’s recorded
prospective Inﬂiximab (0.1mg/ml,
spontaneous pain
study
0.2ml IA);Placebo
(corresponding amount using the
of physiological saline) Huskisson visual
analogue scale for
pain (0-100 mm);
pain on lateral
pressure of each
treated joint
recorded on VAS;
grip strength;
duration of
morning stiffness;
radiological
progression; ESR,
CRP, ALT, AST,
urinanalysis and
blood cell count.
prospective Hyaluronic acid (single
study
injection of
25mg);Etanercept
(10mg)
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⑥Unsuccessful puncture to extract at least 0.5 mL of knee joint ﬂuid;
⑦Have taken hormones and non-steroidal anti-inﬂammatory drugs in
the past 1 month; ⑧Used others within 3 months before admission
treatment. Patients in the control group took diclofenac sodium sustained-release tablets (Nanjing Yiheng Pharmaceutical Co., Ltd.,
National Medicine Standard: H20066213), twice a day, 75 mg each time,
with warm water after meals; patients in the treatment group were
given Fuyuan Huoxue Decoction (bupleurum 15g) , Gualou root 9g,
angelica 9g, safﬂower 6g, licorice 6g, pangolin 6g, wine rhubarb 30g,
peach kernel 9g), for severe pain, add Corydalis 12g, green peel 12g; for
knee pain and swelling, add Eucommia 9g, and 9g; For severe numbness
of lower limbs, add black snake 9g. Patients in both groups were treated
for 14 days. The clinical efﬁcacy of the two groups of patients was
compared, and the Lysholm knee function score was used to evaluate
knee joint function and pain visual analog scale (VAS score). The data
results obtained were analyzed using SPSS19.0 software, and the difference was statistically signiﬁcant with P<0.05.
Results: (1) Refer to the "Guiding Principles for Clinical Research of New
Chinese Medicines" to formulate efﬁcacy criteria, speciﬁcally: clinical
symptoms disappear, TCM syndrome score reduction rate95%, normal
joint activities are clinically controlled; clinical symptoms basically
disappear, 70%TCM syndrome score reduction rate <95%, joint
movement is not restricted as signiﬁcant effect; clinical symptoms have
PRESENTATION NUMBER: 505
EFFECT
OF
FUYUAN
HUOXUE
OSTEOARTHRITIS

DECOCTION

ON

KNEE

Y. Guo, J. Yao, F. Liu, B. Dong, Z. Wang. Shaanxi Univ. of Traditional
Chinese Med, Xian Yang, China
Purpose: Under the guidance of traditional Chinese medicine, this
study observes the clinical effect of Fuyuan Huoxue Decoction in
treating patients with knee osteoarthritis of Qi stagnation and blood
stasis by grasping the holistic view and dialectical treatment.
Methods: From April 2020 to September 2020, 42 patients with qi
stagnation and blood stasis knee osteoarthritis in the Department of
Orthopedics, Afﬁliated Hospital of Shaanxi University of Traditional
Chinese Medicine were selected, and the patients were divided into a
control group (21 cases) and treatment using a random number table
method In the group (21 cases), there was no statistically signiﬁcant
difference between the two groups of patients in general information
such as age, gender, education, and course of disease (P>0.05), and they
were comparable. Diagnostic criteria: In line with the Western medicine diagnostic criteria for KOA in the "Guidelines for Knee Osteoarthritis Evidence-Based Medicine" formulated by the American
Association of Orthopaedic Surgeons in 2013: ①Knee joint pain occurred
multiple times in the past month; ②X-rays showed osteophytes Formation; ③knee joint activity can feel the sound of bone friction;
④morning stiffness time 0.5 h; ⑤ synovial ﬂuid examination meets
osteoarthritis. It meets the diagnostic criteria of KOA in the "Guiding
Principles for Clinical Research of New Chinese Medicines": ①joint pain,
waist and knee weakness, and limited mobility; ②red tongue with
petechiae, little or white greasy or thin white coating, heavy pulse,
Astringent pulse. Inclusion criteria: ①Meet the relevant diagnostic criteria of Chinese and Western medicine; ②Sign the informed consent
form and take the medicine according to the doctor's order. Exclusion
criteria: ①Combined with organ dysfunction such as heart, liver and
kidney; ②Knee joint surgery in the past 6 months; ③Intra-articular ﬂuid
and joints with bony ankylosis; ④Knee joint tumors, tuberculosis and
secondary knee bony Arthritis; ⑤Pregnant and lactating women;

Group

Number of cases

Before treatment

after treatment

Control group
therapy group
T
P

21
21

4.86±1.94
4.79±1.85
1.13
0.78

10.31±2.65
13.01±2.92
2.73
0.01

Lysholm knee function score of
the two groups of patients
(x±s, points)
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Group

Number of cases

Before treatment

after treatment

Control group
therapy group
T
P

21
21

5.86±2.14
5.79±2.35
1.05
0.91

2.17±1.35
0.71±0.65
2.33
0.02

Comparison of VAS scores
between the two groups (x±s,
points)
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Group

Number
of cases

Clinical
control

markedly
effective

effective
ineffective

total effective
rate (%)

Control group
therapy group
T
P

21
21

1
3

13
16

7
2

66.67
90.48
4.51
0.02

Comparison of clinical efﬁcacy between two groups of patients (cases)

Osteoarthritis
andCartilage
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been improved, 30%TCM syndrome score reduction rate <70%, and
slight limitation of joint movement is effective; clinical symptoms,
joints There is no signiﬁcant improvement or even aggravation in the
activity, and the TCM syndrome score reduction rate<30% is invalid.
Total effective rate ¼ (number of clinically controlled casesþnumber of
markedly effective cases þ number of effective cases) / total number of
cases100%.(2) Lysholm knee joint function score was used to evaluate
knee joint function. The scale includes support, limp, and stability. Sex,
noose, pain, going up and down stairs, squatting, each item 0-3 points, a
total score of 0-21 points, the higher the score, the better the knee
function. There was no difference in knee function scores between the
two groups before treatment (P>0.05). After treatment, the knee
function scores of the two groups increased, but the knee function
scores of the treatment group were signiﬁcantly higher than those of
the control group, and the difference was statistically signiﬁcant (P
<0.05).(3)VAS score: using a sliding scale about 10cm long, 10 scales are
marked on one side, one section is marked as "0", the other end is
marked as "10", 0 means no pain, 10 means most painful . Before
treatment, there was no signiﬁcant difference in VAS scores between
the two groups of patients. After treatment, the VAS scores of the two
groups were reduced, but the VAS scores of the patients in the treatment group were signiﬁcantly lower than those of the control group,
and the difference was statistically signiﬁcant (P<0.05).
Conclusions: (1) Fuyuan Huoxue Decoction has signiﬁcant clinical
effects in treating patients with qi stagnation and blood stasis knee
osteoarthritis, with a total effective rate of over 90%;(2) Fuyuan Huoxue
Decoction can improve the Lysholm knee function score of patients
with qi stagnation and blood stasis knee osteoarthritis, improve the
functional status of the patient's knee joint, and improve the patient's
quality of life;(3) Fuyuan Huoxue Decoction can signiﬁcantly reduce the
VAS score of patients with qi stagnation and blood stasis knee osteoarthritis, and effectively relieve the pain of patients.
PRESENTATION NUMBER: 506
A LARGE-SCALE ANALYSIS OF NEXT-GENERATION
MODIFYING OSTEOARTHRITIS DRUG CLINICAL TRIALS

DISEASE

J. Lin, M. Eppler, M. Richardson, R. Long, J. Bogdanov, F.A. Petrigliano,
D. Evseenko. Univ. of Southern California, Los Angeles, CA, USA
Purpose: Osteoarthritis (OA) is a chronic, degenerative disease that
burdens millions. Novel OA treatments are needed as no regimen has
been approved that halts or reverses disease progression. Here we
conducted a review of Disease Modifying Osteoarthritis Drug (DMOAD)
clinical trials in order to inform future trial design.
Methods: Between June and Oct. 2020, 12 DMOADs were identiﬁed on
clinicaltrials.gov, totaling 49 registered trials. The collected data were
organized into ﬁve parts: trial background, inclusion-exclusion
criteria, methods, outcomes and results with a focus on trial design
trends.
Results: Only two candidates are currently in phase III; seven other
trials stand at phase II, and three remain in phase I. Structural endpoints
measured change in cartilage thickness with MRI, joint space width
with X-ray, and change in bone density with CT. Subjective measures
included WOMAC, KOOS, and OMERACT-OARSI. Pain was measured
using VAS, NRS, PGA and medication use. Pharmacokinetics was used as
a secondary outcome in 87% of the drugs. While the majority of the
drugs were intra-articular injectables, only three measured synovial
drug levels. Many trials found no correlation between structural
changes and patient-reported clinical improvement. Most objective or
subjective improvement measures lacked signiﬁcance, with many
showing contradicting outcomes. Absence of well-established minimal
clinically important differences (MCID) challenged validity of outcomes
and comparison of drugs.
Conclusions: Analysis revealed a lack of correlation between symptomatic and structural improvements, variable trial designs and distinct
analysis techniques. Future DMOAD trial designs must ensure the validity of clinical endpoints, optimize patient selection and provide evidence-based control for placebo effects to improve trial success.
Development of additional reliable objective outcome measures-both
functional and structural-is essential for successful development of
disease modifying drugs for OA.
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HU308-MEDIATED CANNABINOID SIGNALING MITIGATES AGE AND
TRAUMA-RELATED OSTEOARTHRITIS
I. Carmon 1, 2, S.K. Meka 1, 2, J. Elayyan 2, G. Batshon 2, E. Reich 2,
A. Bilkei-Gorzo 3, A. Zimmer 3, R. Mechoulam 1, M. Dvir-Ginzberg 1, 2.
1
Multidisciplinary Ctr. for Cannabinoid Res., Hebrew Univ. of Jerusalem,
Jerusalen, Israel; 2 Inst. of Dental Sci., Hebrew Univ. of Jerusalem,
Jerusalem, Israel; 3 Inst. of Molecular Psychiatry, Univ. of Bonn, Bonn,
Germany
Purpose: Osteoarthritis (OA) is characterized by progressive, irreversible erosion of articular cartilage that may be evoked during progressive age and after traumatic insult. This study aims to assess the
attributes of HU308- a selective cannabinoid receptor type 2 (CB2)
agonist, to serve as a potential Disease modiﬁed OA drug (DMOAD). We
further attempted to elucidate the mechanism, by which HU308 may
contribute to preserving joint cartilage.
Methods: Wild type (wt) mice (female, 3 month-old, C57BL6/J) were
subjected to post-traumatic OA induction using Destabilization of the
Medial Meniscus (DMM) surgical procedure. The mice were Intraarticularly (IA) injected with HU308 (120 mM, 10 mL, twice a week) from
4-8 weeks post-surgery. After sacriﬁce, the joints were assessed for the
presence of osteophyte and articular cartilage histopathology, following
Safranin O/ Fast Green staining. Moreover, pain thresholds were assessed
using a Pressure Applicator Measurement (PAM device) at baseline (i.e.
prior to procedure), 4 weeks (i.e. prior to ﬁrst injection) and at the 8week experimental endpoint. Next, we assessed the effect of systemic
HU308 administration (intraperitoneal-IP, 3mg/kg in 100mL; twice a
week for 4 weeks) on aged wild type (wt; Sirt1ﬂox) mice (6, 16 and 21
months of age).To decipher the mechanism of action rendered by
HU308, we similarly assessed joint histopathology of 20-month-old wt
vs Cb2r nulls, which are genetically ablated for CB2 receptor. Human
chondrocytes were stimulated with 10-200 mM HU308 and assessed via
immunoblotting, immunoﬂuorescence (IF) and quantitative PCR analysis, for targeted circuits affected by HU308. Furthermore, we monitored
if Sirt1 is a downstream mediator of HU308 by IP administration of
HU308 to 16-month-old wt (Sirt1ﬂ/ﬂ) and cartilage-speciﬁc Sirt1
knockout mice, which were generated by inducible aggrecan-dependent
Cre-recombinase driver, crossed with Sirt1ﬂ/ﬂ strain (i.e. ATCcre Sirt1ﬂ/ﬂ).
Results: Intra-articularly administered HU308 attenuated cartilage
damage, osteophyte appearance and pain sensitivity following DMM
procedure. While old (16 and 21 month) mice exhibit severe OA and
reduced pain thresholds vs. younger (6 months) mice, IP administration
of HU308 to 16-month mice not only improved pain sensitivity, but also
maintained cartilage integrity. Interestingly, 21-month mice exhibited
higher pain thresholds following HU308 administration vs vehicle,
however OA severity remained unaffected, indicating a certain timeframe for effective HU308 treatment. Mechanistically, Cb2r null mice
showed increased age-induced severity of OA as compared to agematched wt mice, indicating that Cb2r receptor mediated signaling is
required for maintaining cartilage homeostasis during aging. Assessing
human chondrocyte treated with HU308 (10-200nM), display a dosedependent increase in aggrecan and SIRT1 transcription levels. Interestingly, aged-mice bearing cartilage speciﬁc Sirt1 ablation (i.e. 16
months; ATCcre Sirt1ﬂ/ﬂ) exhibited similar OA severity following systemic IP administration of HU308 vs vehicle, indicating that HU308
might partially require Sirt1 to bestow its joint protective effects.
Conclusions: Collectively, the results show that HU308 reduced trauma
and age-induced OA severity and pain sensitivity, in a mechanism that
may involve CB2 signaling, and partial involvement of Sirt1 as an
intracellular mediator coaxing aggrecan mRNA expression. While these
effects of HU308 require further in depth mechanistic evaluation, these
results support that HU308 bestows a signiﬁcant therapeutic effect in
preventing joint pain and maintaining joint health and integrity.
PRESENTATION NUMBER: 508
DISPENSED ANALGESICS AMONG PATIENTS WITH KNEE OR HIP
OSTEOARTHRITIS INITIATING AN EXERCISE THERAPY AND PATIENT
EDUCATION PROGRAM IN PRIMARY CARE
M.S. Johansson 1, A. Pottegård 1, J. Søndergaard 1, M. Englund 2,
D.T. Grønne 1, S.T. Skou 1, 3, E.M. Roos 1, J.B. Thorlund 1. 1 Univ. of Southern
Denmark, Odense, Denmark; 2 Lund Univ., Lund, Sweden; 3 NæstvedSlagelse-Ringsted Hosp., Slagelse, Denmark
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Purpose: Exercise and patient education are considered ﬁrst-line
treatment for patients with knee and hip osteoarthritis (OA) and mild
analgesics are recommended when ﬁrst-line treatments are insufﬁcient
to reduce symptoms, while opioids are not recommended in the
management of OA at all. However, studies have indicated that a large
proportion of patients are not offered ﬁrst-line treatment, but likely use
analgesics instead, including opioids, for their joint pain.
The aims of this study were 1) to investigate the prevalence of analgesic
use (i.e., dispensed prescriptions of analgesics) among patients with
knee or hip OA initiating an exercise therapy and patient education
program in primary care, and 2) to explore differences in patient
characteristics among patients using different types of analgesics.
Methods: We used data from the Good Life with OA in Denmark
(GLA:D®) registry (data collected from January 2013 to December 2018)
linked with the Danish National Prescription Registry and other
national health registers. The GLA:D® registry includes all patients who
have participated in a standardised primary care program in Denmark.
GLA:D® consists of 2 group-based patient education, and 12 supervised
neuromuscular exercise sessions (1 hour) delivered by physiotherapists
over an 8-week period.
We included patients 40 years with register data coverage the 365
days preceding the start of the intervention (i.e., index date). Participants with a diagnosis of cancer (ICD-10 code C00-97, excluding C44)
or substance abuse (ICD-10 code F11) within the 365 days preceding the
index date were excluded.
Based on data from the Danish National Prescription Registry covering
90 days preceding the index date, we included all dispensed prescriptions of paracetamol (Anatomical Therapeutic Chemical [ATC] code
N02BE01), non-steroidal anti-inﬂammatory drugs (NSAIDs; M01A,
excluding M01AX), and opioids (N02A, R05DA04, and N02BA75). Participants with at least one dispensed analgesic prescription within this
90-day period were classiﬁed into 1) paracetamol (only) users, 2)
NSAIDs (only) users, 3) NSAIDs and paracetamol users, 4) opioids (only)
users, 5) opioids and paracetamol users, 6) opioids and NSAIDs users,
and 7) opioids, NSAIDs, and paracetamol users, while participants with

no dispensed analgesic prescription within the time period were classiﬁed as no users.
The following baseline data from patients participating in GLA:D® was
used: age, sex, level of education, body mass index (BMI), index joint
(i.e., knee or hip), average pain intensity in most affected joint (i.e.,
within last month; visual analogue scale), symptom duration, presence
of comorbidities, and number of pain sites (i.e., sum of body regions
marked by the participant on a mannequin indicating the experience of
pain within the last 24 hours; maximum number of pain sites was 56).
Age and sex were derived from a national person identiﬁcation number.
Height and weight, used to calculate BMI, were collected by the clinician
at baseline. Number of comorbidities was derived from self-reported
data about the presence of hypertension, heart disease, stomach ulcer
or gastrointestinal disease, respiratory disease, diabetes, kidney- or liver
disease, anaemia, cancer, depression, rheumatoid arthritis, neurological
disease, and other medical disease (i.e., maximum number of comorbidities was 12).
Differences in characteristics between analgesic use groups were
investigated using ANOVA and Pearson’s Chi-squared test for continuous and categorical variables, respectively (p-value <0.05 was
considered statistically signiﬁcant).
Results: In total, 37,640 patients out of 38,745 eligible patients fulﬁlled
our inclusion criteria, and 46% of these had at least one dispensed
prescription of analgesics within the 90 days preceding the index date.
Among analgesic users, paracetamol (only) was most common (15.4%),
followed by opioids alone or in combination with paracetamol and/or
NSAIDs (11.1%), NSAIDs and paracetamol (11.0%) and NSAIDs (only)
(8.0%) (Table 1).
About 75% were women in most analgesic use groups, except for the no
use- and NSAIDs (only) group, in which about 70% were women. In
general, a larger proportion of study participants with no analgesic use
reported a medium-cycle higher education or a long cycle higher education (or higher) compared to the other analgesic use groups. Finally,
participants not using analgesics had a slightly lower BMI compared
with all other analgesic use groups.

Analgesic use groups N ¼ 37640 (100.0%) mean (SD) / n (%)

Characteristics

Age, yrs.
Sex, women (vs.
men)
BMI
Index joint, knee
(vs. hip)
Average pain
intensity last
month, mm VAS
Symptom
duration,
months
Number of
comorbidities
0
1-2
3

NSAIDs
No use n ¼ Paracetamol
(only) n ¼ 5781 (only) n ¼
20524
2998 (8.0%)
(15.4%)
(54.5%)

NSAIDs and
paracetamol n ¼
4140 (11.0%)

Opioids
(only) n ¼
1118 (3.0%)

Opioids and
paracetamol n ¼
1679 (4.4%)

Opioids, NSAIDs, and
Opioids and
NSAIDs n ¼ 334 paracetamol n ¼ 1066
(2.8%)
(0.9%)

65.3 (9.4)
14339
(69.9)
27.7 (5.0)
15392
(75.0)
42.9 (21.3)

Pvalue

68.7 (9.1)
4335 (75.0)

64.4 (9.3)
2027 (67.6)

64.5 (9.3)
3073 (74.2)

66.7 (9.5)
827 (74.0)

68.8 (9.3)
1278 (76.1)

64.1 (9.2)
244 (73.1)

64.3 (9.6)
806 (75.6)

<0.001
<0.001

28.9 (5.3)
4104 (71.0)

28.8 (5.3)
2378 (79.4)

29.7 (5.7)
3065 (74.1)

28.8 (5.3)
863 (77.3)

29.6 (5.8)
1177 (70.1)

29.9 (5.8)
246 (73.7)

30.3 (6.1)
803 (75.4)

<0.001
<0.001

51.4 (20.6)

49.5 (21.8)

54.1 (20.8)

54.8 (21.8)

59.1 (21.1)

58.7 (21.8)

59.3 (23.1)

<0.001

41.9 (65.0) 40.0 (61.7)

36.0 (60.2)

36.5 (60.4)

41.9 (65.6)

44.3 (71.2)

36.1 (54.5)

35.5 (58.1)

<0.001

7075 (41.7) 1346 (28.1)
8695 (51.2) 2869 (59.9)
1215 (7.2) 576 (12.0)

1025 (41.7)
1280 (52.1)
152 (6.2)

1336 (38.9)
1854 (54.0)
243 (7.1)

219 (25.1)
503 (57.6)
152 (17.4)

245 (18.1)
787 (58.3)
319 (23.6)

69 (26.3)
156 (59.5)
37 (14.1)

278 (32.1)
485 (56.1)
102 (11.8)

<0.001
<0.001
<0.001

SD, standard deviation; NSAIDs, non-steroidal inﬂammatory drugs; yrs., years; BMI, body mass index; VAS, visual analogue scale; P-value from ANOVA (continuous
variables) and Pearson’s Chi-squared test (categorical variables). Number of comorbidities was derived from self-reported data about the presence of hypertension, heart
disease, stomach ulcer or gastrointestinal disease, respiratory disease, diabetes, kidney- or liver disease, anaemia, cancer, depression, rheumatoid arthritis, neurological
disease, and other medical disease (i.e., maximum number of comorbidities were 12). Results for level of education, and number of pain sites are not shown due to space
limitations. Most variables had few missing values. However, level of education had 4946 (13.1%) missing values, symptom duration had 4745 (12.6%) missing values due
to technical problems during data collection, number of comorbidities had 6622 (17.6%) missing values due to late introduction of the questions in the questionnaire, and
number of pain sites had 8045 (21.4%) missing values partly because the question/pain mannequin was ﬁrst introduced in April 2014, and partly because of a technical
problem during data collection.

Table 1

Characteristics of knee or hip osteoarthritis patients stratiﬁed by analgesic use group

Osteoarthritis
andCartilage
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The study participants who used opioids differed from the other analgesic use groups on several characteristics. For example, opioid users, in
particular opioids (only) and opioids in combination with paracetamol,
were generally older than the other groups. Furthermore, opioid users
in particular (and analgesic users in general), reported a higher average
pain intensity compared to those not using analgesics, and the longest
symptom duration was found among participants using opioids and
paracetamol. In addition, study participants using opioids (alone or in
combination with paracetamol and/or NSAIDs) reported a higher
number of comorbidities than most other groups. Similarly, the highest
number of pain sites was found among participants using opioids, only
or in combination with other analgesics (and among paracetamol [only]
users). For example, 9.6% of opioids (only) users reported 10 or more
pain sites compared to 7.1%, 5.3%, and 4.7% of paracetamol (only) users,
NSAIDs (only) users, and no users, respectively.
Conclusions: Use of prescribed analgesics, including opioids, is common
among patients with knee or hip OA initiating an exercise therapy and
patient education program. Patients with knee or hip OA using opioids
seems to be older and report a higher average pain intensity, longer
symptom duration, higher number of comorbidities, and higher number
of pain sites compared to patients not using analgesics, or patients using
paracetamol and/or NSAIDs. Our ﬁndings indicate that a large proportion
of patients with knee or hip OA who receive analgesics (second-line
treatment) may experience a limited pain-relieving effect, and, therefore, seek exercise therapy and patient education (ﬁrst-line treatment).
PRESENTATION NUMBER: 509
BARRIERS AND FACILITATORS OF A NEW MODEL OF STRATIFIED
EXERCISE THERAPY IN KNEE OSTEOARTHRITIS: RESULTS FROM A
QUALITATIVE STUDY ALONGSIDE THE OCTOPUS-STUDY
J. Knoop 1, W. van Berkel-de Joode 1, J. Dekker 2, R.W. Ostelo 1. 1 Vrije
Univ.it, Amsterdam, Netherlands; 2 Amsterdam UMC (VUmc),
Amsterdam, Netherlands
Purpose: We recently developed and pilot-tested a model of stratiﬁed
exercise therapy for patients with knee osteoarthritis (OA), based on
previously identiﬁed phenotypes. In this model, patients are allocated
to three distinct subgroups using a stratiﬁcation algorithm: ‘high
muscle strength subgroup’, ‘low muscle strength subgroup’ or ‘obesity
subgroup’. For each subgroup, a tailored, subgroup-speciﬁc exercise
therapy intervention is provided by a physiotherapist, with an additional dietary intervention from a dietician for the ‘obesity subgroup’.
The ‘high muscle strength subgroup’ receives a minimal intervention of
3 to 5 sessions consisting of advice to prevent knee overloading. The
‘low muscle strength subgroup’ receives an average intervention of 8 to
12 sessions primarily targeting muscle strengthening. The ‘obesity
subgroup’ receives an extended intervention of 12 to 18 sessions targeting both muscle strengthening and improving aerobic capacity (with
exercises adapted to avoid knee overloading), and 5 to 8 sessions from a
dietician targeting weight loss. Currently, this model of stratiﬁed exercise therapy is tested for its (cost-)effectiveness compared with usual
exercise therapy in a large-scaled randomized controlled trial (OCTOPuS-study). Alongside this trial, we performed a qualitative study to
explore perceived barriers and facilitators of the application of this
model.
Methods: Semi-structured interviews were conducted in a random
sample of patients, physiotherapists and dieticians participating in the
OCTOPuS-study, by telephone calls between March 2020 and May 2020.
Interviews were audiotaped and transcripted verbatim. Interview
questions focused on the general and subgroup-speciﬁc barriers and
facilitators of the intervention, as perceived by the patients and clinicians. A thematic analysis of the data was performed independently by
two researchers using MAXQDA.
Results: Interviews were conducted in 15 patients (5 from each subgroup), 11 physiotherapists and 5 dieticians from the experimental arm.
We identiﬁed 23 themes in 7 categories. In general, the interviewees
were positive about the added value and applicability of the model.
Patients emphasized the appropriate (home) exercises, adequate
patient education, and tailoring of their treatment as positive elements.
Physiotherapists underlined the applicability of the algorithm and
subgroup-speciﬁc exercise protocols, although some preferred more
ﬂexibility in this algorithm. Both dieticians and physiotherapists
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supported their combined intervention in the ‘obesity subgroup’, but
were disappointed by the lack of interdisciplinary collaboration.
Moreover, patients from the ‘obesity subgroup’ already following a diet
restriction did not perceive an added value of the diet intervention. Both
patients and physiotherapists reported mixed feelings on the low
number of supervised sessions in the ‘high muscle strength subgroup’,
as some perceived this low number as advantageous for stimulating the
patient’s own responsibility, whereas others as hindering an optimal
guidance. Many patients reported that their adherence to perform
home exercises reduced after the supervised period, and that they
missed contact with their physiotherapist. On the other hand, booster
sessions after the supervised period were not considered necessary by
physiotherapists in many patients and therefore not applied as
intended.
Conclusions: This qualitative study revealed relevant barriers and
facilitators of our new model of stratiﬁed exercise therapy, which will
help us interpreting the upcoming results on its (cost-) effectiveness.
Moreover, if proven to be (cost-)effective, implementation strategies
should take into account the identiﬁed barriers and facilitators. These
strategies should speciﬁcally focus on guidance of patients from the
‘high muscle strength subgroup’ within only a few sessions, collaboration between physiotherapist and dietician in the ‘obesity subgroup’,
and adequate use of booster sessions after the supervised period to
optimize treatment adherence.
PRESENTATION NUMBER: 510
TARGETING SENESCENT CHONDROCYTES IN OSTEOARTHRITIS:
ARTIFICIAL INTELLIGENCE POWERED TARGET IDENTIFICATION AND
HYPOTHESIS VALIDATION STRATEGY
J. Monserrat 1, C. Hudson 1, J. Small 2, T. Mak 1, P. Richardson 2,
A. Taddei 1. 1 BenevolentAI, London, United Kingdom; 2 BenevolentAI,
Cambridge, United Kingdom
Purpose: Osteoarthritis (OA) is a debilitating joint disease affecting
around 80% of individuals aged over 65. A multitude of aberrant processes have been described to affect the aetiology of OA including cartilage thinning, osteophyte formation, subchondral osteosclerosis and
synovial hypertrophy. Investigations into the cellular and molecular
mechanisms responsible for these abnormal features have highlighted
the role of chondrocyte hypertrophy and dysfunction in OA pathogenesis. Recently, chondrocyte senescence has been identiﬁed as yet an
additional mechanism by which chondrocytes see their functionality
perturbed. Senescent chondrocytes are characterised by permanent
growth arrest, high metabolic activity and secretion of pro-inﬂammatory cytokines, chemokines and proteases, collectively known as the
Senescence-Associated Secretory Phenotype (SASP), resulting in loss of
physiological functions, induction of inﬂammation and extracellular
matrix degradation. In light of these observations, compounds aimed at
speciﬁcally targeting senescent chondrocytes, also known as senolytics,
have shown promising results in alleviating OA symptoms in preclinical
studies, supporting the identiﬁcation of senolytic targets as a possible
therapeutic approach for the disease. The aim of this study was to utilise
BenevolentAI’s artiﬁcial intelligence (AI) and machine learning technology to identify novel therapeutic senolytic targets for OA, and to
validate these AI-derived hypotheses in translatable disease-relevant
chondrocyte senescence assays.
Methods: BenevolentAI’s relational inference algorithms were trained
on a proprietary knowledge graph constituted of billions of connections
between diseases, mechanisms, genes and compounds, built from a
number of structured and unstructured data sources. The trained
algorithms were enhanced via the ingestion of transcriptomics datasets
from curated senescence and OA literature and machine learning
models were run to identify novel candidate targets for the treatment of
chondrocyte senescence in OA. In order to experimentally test our AI
predictions, we devised a three-fold validation path based on: 1) Conﬁrmation of the association between senescence and OA in patients:
healthy and OA patient-derived primary chondrocytes were cultured
and stained for the identiﬁcation of senescence markers at different
time points. Moreover, analysis of Collagen I, II and III expression was
assessed as a measure of in vitro chondrocyte differentiation level to
determine an assay timeline. 2) Assessment of the senolytic effect of
selective compounds against the AI-predicted targets: healthy
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chondrocytes from 2 different donors were treated with H2O2 to induce
cellular senescence in approximately 30-40% of cells in culture. This
level of senescence reﬂects what can be observed in OA patients, who
display senescence in approximately 40% of joint chondrocytes, supporting the translatability of the assay used for our screening. H2O2treated cells were exposed to a concentration response curve of multiple compounds inhibiting the identiﬁed targets after which both
senescent and healthy chondrocytes were quantiﬁed. All experiments
were performed in biological triplicates, using a Bcl-2 family inhibitor as
positive control. 3) Investigation of the effects of the modulation of the
predicted targets on OA-related therapeutic endpoints: SASP from
senescent chondrocyte cultures treated with our compounds was
quantiﬁed assaying for multiple cytokines, chemokines and inﬂammatory mediators.
Results: Our AI-driven models predicted 75 targets with a potential role
in chondrocyte senescence. In line with literature, our results showed
that OA patient-derived primary chondrocyte cultures presented a
signiﬁcantly higher level of senescent cells (30-40%) compared to
healthy chondrocytes (15-20%). The screening assay was based on
H2O2-mediated induction of translatable levels of chondrocyte senescence with a timeline adjusted to minimise chondrocyte in vitro
dedifferentiation, based on Collagen expression. Our primary drug
screen identiﬁed a positive senolytic response for 20 of the 75 initially
identiﬁed targets. These induced selective death of senescent cells
while leaving healthy chondrocytes unperturbed. The secondary
screening phase prioritised 2 targets showing the best efﬁcacy in
inducing reproducible senolytic effect when inhibited by multiple
selective small molecules. SASP analysis of supernatants collected from
treated chondrocyte cultures showed concentration-dependent
decrease in Interleukin-6 (IL-6), Monocyte Chemoattractant Protein-1
(MCP-1) and Vascular Endothelial Growth Factor (VEGF) levels. These
results indicate that the induced senolysis is able to reduce the
inﬂammatory phenotype associated with chondrocyte senescence,
suggesting disease phenotype amelioration following inhibition of our
targets.
Conclusions: In summary, BenevolentAI’s proprietary AI models identiﬁed novel targets that exert a possible therapeutic effect on OA phenotype through removal of senescent chondrocytes and consequent
reduction of pro-inﬂammatory mediators. This has been validated by
using a robust experimental pipeline focused on the use of patient
material and on the translatability of the assay characteristics. Future
work in preclinical models will be performed to obtain further insights
into the mechanism of action of the identiﬁed senolytic targets.

for 3 weeks with chondrogenic medium, without or with 10 or 100 nM
ALW-II-41-27 supplementation. Pellets were histologically evaluated
with thionine staining and immunostained for type II and type X collagen. mRNA expression of alkaline phosphatase (ALPL), collagen type
10a1 (COL10A1), Indian hedgehog (IHH), matrix metalloproteinase 3
(MMP3) and matrix metalloproteinase 13 (MMP13) were determined by
RT-qPCR.Each experiment included 3 technical replicates and was
repeated using cells derived from 3 OA chondrocytes donors and 2
MSCs donors. Statistical evaluation was performed using a linear mixed
model adjusted for multiple comparisons by a Bonferronis post hoc test.
Differences were considered statistically signiﬁcant for P<0.05.
Results: Addition of the EphA2 activity inhibitor ALW-41-27 dosedependently reduced the expression of COL10A1 in OA chondrocytes in
alginate, suggesting a reduction in hypertrophy. Stable hyaline cartilage
development from MSCs is dampened by hypertrophy. Therefore, we
evaluated the effect of EphA2 inhibition during chondrogenic differentiation of MSCs. ALW-41-27 reduced the expression of the hypertrophic markers COL10A1, ALPL, IHH and the catabolic enzymes MMP3
and MMP13 in a dose-dependent way (Fig. 1A). Interestingly, at the
protein level type X collagen was reduced by ALW-41-27 while neither
affecting thionine nor type II collagen (Fig. 1B). These data suggest that
EphA2 inhibition effectively decreased hypertrophy without affecting
chondrogenesis.
Conclusions: The tyrosine kinase EphA2 promotes hypertrophic differentiation of articular chondrocytes and chondrogenically-differentiated mesenchymal stem cells. The use of the small kinase inhibitor
ALW-41-27 may constitute a new approach for the development of
stable hyaline cartilage and for the treatment of OA.

PRESENTATION NUMBER: 511
INHIBITION OF THE TYROSINE KINASE RECEPTOR EPHA2
DECREASES HYPERTROPHIC DIFFERENTIATION OF CHONDROCYTES
AND MESENCHYMAL STEM CELLS
M.N. Ferrao Blanco, Jr. 1, F.T. Bekedam, Jr. 1, A.A. Pitsillides, V 2,
R. Narcisi, IV 1, G.J. van Osch, V 1. 1 Erasmus Med. Ctr., Rotterdam,
Netherlands; 2 The Royal Vet. Coll., London, United Kingdom
Purpose: During osteoarthritis, articular chondrocytes become hypertrophic leading to the degradation of cartilage extracellular matrix,
promoting the progression of the disease. Therefore, a drug that inhibits
hypertrophy would be a promising disease modifying OA drug. Previously, we identiﬁed that expression of Ephrin receptor A2 (EphA2), a
tyrosine kinase, is increased in chondrocytes during hypertrophic differentiation in the mouse growth plate. Whether EphA2 plays a role in
human articular chondrocyte hypertrophy in OA is unknown. Therefore,
the aim of this study is to determine whether EphA2 inhibition modulates hypertrophy.
Methods: Human chondrocytes were isolated from donors who
underwent total knee arthroplasty. P3-expanded chondrocytes were
encapsulated in alginate beads (4 million cells/ml) and re-differentiated
for one week in medium containing 10 ng/mL Transforming Growth
Factor (TGF)b1. Receptor tyrosine kinase inhibitor, ALW-II-41-27, with a
high selectivity for EphA2 was added to the chondrocytes for 24 hours
at the concentration of 1 or 10 mM. Human bone-derived mesenchymal
stem cells (MSCs) were isolated from leftover iliac crest bone chips from
pediatric patients and pellets were made from 200,000 P5-expanded
cells. Chondrogenic differentiation was induced by culturing the pellets

PRESENTATION NUMBER: 512
IS WEARABLE TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION
(ACTITENS®) A RELEVANT ALTERNATIVE TO WEAK OPIOIDS FOR
KNEE OSTEOARTHRITIS CHRONIC, NOCICEPTIVE PAIN. RESULTS OF
A RANDOMIZED, CONTROLLED, NON-INFERIORITY TRIAL
€l 3, H. Ganry 4, E. Lespessailles 5,
E. Maheu 1, S. Soriot-Thomas 2, E. Noe
B. Cortet 6. 1 Saint-Antoine Hosp., APHP, Paris, France; 2 CHU Amiens
Picardie, Amiens, France; 3 Santy Orthopaedic Ctr., Ramsay Sant
e, Lyon,
France; 4 Hergan Consulting 4U, Amiens, France; 5 Orleans Hosp.,
6
Orleans, France; CHU Lille, Lille, France
Purpose: Knee osteoarthritis (KOA) is a frequent disease for which
therapeutic possibilities are limited. In current recommendations, the
ﬁrst-line analgesic is acetaminophen. However, low efﬁcacy of acetaminophen, frequently leads to the use of weak opioids (WO) despite
their poor tolerance, especially in elderly patients.
The primary objective of this study was to evaluate analgesic efﬁcacy
and safety of wearable transcutaneous electrical nerve stimulation (WTENS) compared to WO in the treatment of moderate to severe, nociceptive, chronic pain in KOA patients.
Methods: This was a phase 3, non-inferiority multicentric, prospective,
randomized, single-blinded for primary efﬁcacy outcome, controlled, in
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2-parallel groups, clinical study comparing W-TENS versus WO on two
periods: a 3-month controlled period and an additional, optional, noncontrolled, 3-month follow-up for patients in the W-TENS group.
Eligible participants were KOA patients, 55 years old, with a KellgrenLawrence radiographic grade 2, with moderate to severe nociceptive
chronic (3 months) pain 4 on a 11-point numerical rating scale (0-10
NRS), and in treatment failure with non-opioid analgesics (acetaminophen and/or NSAIDs). Patients with neuropathic pain (DN4:
global score 4 and/or a positive response to a speciﬁc question on
clinical examination) were excluded.
Co-primary endpoints were, for efﬁcacy, mean pain intensity (PI), during the previous 8 days before assessment at M3 and, for safety, the
number of adverse events (AE) during the 3-month follow-up period.
Secondary endpoints were: function assessed using the physical function subscale of the WOMAC at D0, M1, and M3, PI assessed at D0, M1
and M3, numbers of patients achieving a 30% and/or a 50% decrease
of PI at M1 and M3 and, in the W-TENS group, number of patients asking
for a 3-month treatment extension.
The study was open-labelled except for the co-primary efﬁcacy endpoint assessment which was collected by phone, before each visit by a
blinded observer. Patients were assessed at baseline, 1 and 3 months
and in the W-TENS group at 6 months (end of the non-controlled
period). In the W-TENS group, an advanced, mobile app enabled,
wearable TENS was used (actiTENS®, SUBLIMED SAS, Moirans, France).
Electrodes were positioned as presented in the Figure 1.

Figure 1 : Positioning of electrodes.
A high and low frequency stimulations were delivered as followed:

- 100 Hz conventional TENS, i.e. gate control mode, on channel 1
connected to two 50x50mm square electrodes positioned on
the path of the infrapatellar nerve, branch of the saphenous
nerve and innervating the joint.
- 2 Hz low frequency TENS, i.e. endomorphinic mode, on channel
2 connected to two 50x90mm rectangular electrodes positioned on the quadriceps.
In the WO group, investigators were pragmatically authorized to
choose, for each patient, the best suitable drug and its daily dose and to
switch to another WO and/or adapt its daily dose when necessary. The
ﬁve authorized WO were: immediate release (IR) or slow release (SR)
tramadol, dihydrocodeine and ﬁxed acetaminophen-codeine, acetaminophen-tramadol and acetaminophen-opium-powder combinations.A non-inferiority analysis was performed on primary efﬁcacy
endpoint using a pre-deﬁned non-inferiority margin (0.825 point) on PI
NRS, below the minimal clinically signiﬁcant improvement.
Results: Demographic and baseline characteristics were balanced
across both groups. At D0, 110 patients (55/group) were randomized
(intent-to-treat, ITT, population) and 99 patients (52 in W-TENS and 47
in WO groups) included in the per protocol (PP) population.
48/55 (87.3%) and 44/55 (80.0%) patients completed the 3-month follow-up in W-TENS and WO groups respectively. The numbers of prescriptions of IR WO were balanced with 25.4% for codeine, 30.1% for
opium-powder with or without caffeine and 22.2% for tramadol with or

Table 1

Non-inferiority analyses on PI
at M3. ITT and PP populations.
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without acetaminophen. SR tramadol accounted for 17.5% of
prescriptions.
Non-inferiority of the W-TENS was demonstrated in the PP and ITT
populations (Table 1).
Since the 95% CI of the between-treatments difference did not included
the 0 value in the ITT population, a superiority analysis was performed in
this population, demonstrating that W-TENS was signiﬁcantly superior
to WO at M3 (p¼0.0124) on PI. The number of AEs was signiﬁcantly
lower (p<0.001) in the W-TENS (n¼7) than in the WO (n¼36) groups.
Results for secondary endpoints are summarized in Tables 2 and 3.
Thirty-nine (70.9%) patients wished to extend the W-TENS treatment for
3 additional months and only one patient discontinued the study during
the M3 to M6 period. For these patients, results obtained at M3 remained
stable at M6 (data not shown).In WO group, AEs were those typically
reported with opioids: dry mouth, constipation, nausea, vomiting, dizziness, drowsiness and pruritus while those in the W-TENS group were
local, related to the technique used such as local cutaneous reaction
(erythema).
Conclusions: These results indicate that W-TENS treatment is more
effective and better tolerated than WO in the management of nociceptive KOA chronic pain and could represent an interesting alternative
option to weak opioids.
PRESENTATION NUMBER: 513
A DISCOVERY PLATFORM THAT SCREENS MANY THERAPEUTIC
CANDIDATES IN A SINGLE ANIMAL
R. Watson Levings 1, A. Smith 2, M. Borch Jensen 3. 1 Univ. of Florida, Dept
of Orthopaedics and Rehabilitation, Gainesville, FL, USA; 2 Univ. of Florida,
Large Animal Clinical Sci., Gainesville, FL, USA; 3 Gordian Biotechnology,
San Francisco, CA, USA
Purpose: One of the challenges for addressing the unmet therapeutic
need in osteoarthritis (OA) is the complex disease etiology, involving
interplay between multiple cell types and contributions from systemic
signals. This realist creates a gap between high-throughput in vitro
discovery screens, and in vivo experiments to conﬁrm efﬁcacy.
Advancing from the former to the latter can take years per target,
reducing the biological space that can be explored for effective therapeutics. This trade-off motivates the development of a platform for
screening many therapies in individual in vivo models of OA, such that
many therapeutic efﬁcacy hypotheses can be tested in a realistic disease
environment.
Methods: Our platform, XaNDER, combines barcoded gene therapies
with single-cell RNA sequencing as a phenotypic readout of disease.
Adeno-associated viral delivery enables the introduction of discrete
gene therapies to individual cells within a tissue. The phenotypic disease readout is based on single-cell atlases of healthy and diseased
tissue from both human donors and the animal models used for
screening. This transcriptomic signature of disease enables not only
classiﬁcation of cells as existing in healthy or diseased states, but also
provides biological information about pathways that are altered in
disease states. This additionally reveals the biological effect of
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introduced therapeutics, serving to conﬁrm mechanism of action and
identify unexpected biological effects (for example oncogenic).
To validate XaNDER, we ran a therapeutic screen in a mouse model of
MPSII, a genetic disease where the Ids gene product is missing. This
validation screen included the gene replacement therapeutic, as well as
unrelated biologically active interventions. With the validated platform,
we then performed an in vivo screen in a horse with naturally occurring
OA. This screen included eight putative gene therapies, either novel or
previously described in the literature, as well as negative and inactive
control therapies.
Results: Optimized vectors show robust expression from a single viral
genome, lasting several months. At a 4 week timepoint, blinded analysis
of our validation screen assigned cells to pools containing different gene
therapies, and comparison with the MPSII disease signature correctly
identiﬁed the therapies comprising gene replacement both irrelevant
and inactive therapies. Follow-up analysis conﬁrmed that the therapeutic shift observed by unbiased analysis corresponded to biological
effects consistent with the etiology of disease, e.g. lipid trafﬁcking.
In OA, the combined signature of human and equine chondrocytes and
synovial cells, from healthy and arthritic samples, allow delineation of
cells in hyperthropic and diseased states in each cell type independently, identifying altered collagen metabolism, glycolysis, immunity,
and more. This allows validation of both the intended biological
mechanism and additional biological adaptations to, new and reported
therapies, such as exogenous expression of IL1RN. The results of our
initial screen thus provides a 'perturbome' map of disease-modifying
OA drugs, as well as novel candidates, in multiple putative target cell
types.
Conclusions: The XaNDER platform distinguishes the effects of different gene therapies administered to a single animal. This allows
screening in realistic models of OA, including the full in vivo environment of spontaneously occurring disease, in appropriately aged animals
with human-relevant physiology. We are now applying this platform to
identify disease-modifying therapies for OA.

The vast majority of associations between intensity of use of the dr. Bart
app and target outcomes were weak at r < (-) 0.25.
Conclusions: More than one-third of persons with knee/hip OA who
started using the app, persistently used the app up to 26 weeks, though
usability could be improved. Patients appear to have preferences for
goals related to activity and nutrition, rather than for goals related to
vitality and education. We found weak/no associations between
intensity of use of the dr. Bart app and health care utilization and clinical
outcomes.

PRESENTATION NUMBER: 514
USE AND USABILITY OF THE DR. BART APP AND ITS RELATION WITH
HEALTH CARE UTILIZATION AND CLINICAL OUTCOMES IN PEOPLE
WITH KNEE AND/OR HIP OSTEOARTHRITIS
T. Pelle 1, 2, J. van der Palen 3, 4, F. de Graaf 5, F. van den Hoogen 1, 2,
K. Bevers 1, E. van den Ende 1, 2. 1 Sint Maartenskliniek, Ubbergen,
Netherlands; 2 Radboudumc - Dept. of Rheumatic Diseases, Nijmegen,
Netherlands; 3 Univ. of Twente - Dept. of Res. Methodology,
Measurement, and Data-Analysis, Behavioural, Management and Social
Sci., Enschede, Netherlands; 4 Medisch Spectrum Twente - Med. Sch.
Twente, Enschede, Netherlands; 5 Orikami B.V., Nijmegen, Netherlands
Purpose: To document the use and usability of the Dr. Bart app and its
relation with health care utilization and clinical outcomes in people
with knee/hip OA.
Methods: For this study we used back end data of the ﬁrst 26 weeks of
the intervention group (N¼214) of an RCT examining the effectiveness
of the Dr. Bart app. In ﬁgure 1 the theoretical framework of the Dr. Bart
app is presented. A central element of the dr. Bart app is that the app
proposes a selection of 72 preformulated goals for health behaviors
based on the ‘tiny habits method’ (e.g. After lunch I rise 12 times from
my chair to train my leg muscles). Usability of the app was measured
using the System Usability Scale questionnaire (SUS, 0-100). To assess
the association between intensity of use of the app and health care
utilization (i.e. consultations in primary or secondary health care) and
clinical outcomes (i.e. self-management behaviour, physical activity,
health-related quality of life, illness perceptions, symptoms, pain,
activities of daily living) we calculated Spearman rank correlation
coefﬁcients.
Results: 171 / 214 participants (80 %) logged in at least once whilst 151
(71%) chose at least one goal and 114 (53 %) completed at least one goal
during the 26 weeks. Of those who chose at least one goal, 56 participants (37 %) continued to log in up to 26 weeks, 12 (8 %) continued to
select new goals from the offered goals and 37 (25 %) continued to
complete goals (Figure 2). Preformulated goals regarding the themes
activity (e.g. performing an exercise from the exercises library of the
app) and nutrition (e.g. eat 2 pieces of fruit today) were found to be
most popular by users. Mean usability scores (standard deviation) at 3
and 6 months of follow-up were 65.9 (16.9) and 64.5 (17.5), respectively.

PRESENTATION NUMBER: 515
UNDERSTANDING THE MANAGEMENT OF OSTEOARTHRITIS IN
AUSTRALIA: A QUALITATIVE STUDY OF GPS AND ORTHOPAEDIC
SURGEONS
L.P. Sutton 1, K. Jose 1, A. Betzold 2, E. Hansen 2, L. Laslett 1, J. Makin 1,
T. Winzenberg 1, S. Balogun 3, D. Aitken 1. 1 Menzies Inst. for Med. Res.,
Univ. of Tasmania, Hobart, Australia; 2 Univ. of Tasmania, Hobart,
Australia; 3 Australian Natl. Univ., Canberra, Australia
Purpose: Evidence suggests that current management of osteoarthritis
(OA) often falls short of best practice. Previous studies show that health
professionals demonstrate a poor understanding of OA and hold
unhelpful attitudes and beliefs about the disease. The aims of this study
were to explore the attitudes towards and understanding of OA held by
Australian general practitioners (GPs) and orthopaedic surgeons, gain a
deeper understanding of conservative and surgical management of OA
in Australia and identify key barriers and challenges to management.
Methods: This qualitative study involved 27 semi-structured interviews
with 17 GPs and 10 surgeons held in person or over the phone. Publicly
available practice information was used to invite GPs and orthopaedic
surgeons throughout Tasmania, Australia to participate in the study. GPs
were included if they had treated a patient with OA of the knee in the
past 6 months and orthopaedic surgeons if they had performed a knee
or hip replacement surgery in the past 6 months. A schedule of key
questions and prompts designed after review of the literature and
discussion with a clinician on the research team (TW) were used during
the interview process to ensure key themes were explored, however the
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structure of the interview was ﬂuid and guided by the natural ﬂow of
the conversation. Interview scripts were tailored to reﬂect the different
roles of GPs and surgeons in OA patient care. Interviews were audiorecorded and transcribed verbatim. Demographic information including age, sex, region, and sessions per week was also collected. Initial
preliminary thematic analysis was undertaken in Microsoft Excel by
two independent researchers (LS and AB) followed by full iterative
thematic analysis of transcripts in NVIVO qualitative analysis software
(QSR International) by LS in consultation with the research team.
Coding decisions, key concepts, ideas and reﬂections were identiﬁed
and recorded in the project log and memos until there was consensus
that the data had been comprehensively analysed, and no new themes
were emerging.
Results: The mean age of the 17 GPs was 49.3 years (range 36-62) and of
the 10 surgeons was 43.5 years (range 33-50). 24% of GPs and all surgeons were male. Most interviewees were from urban areas, 4 GPs were
categorised as working in a rural area, and 1 surgeon was from a
regional area. GPs on average worked 4.4 sessions per week in general
practice. Interviews ranged in duration from 16-42 minutes. Four
themes identiﬁed were common to GPs and surgeons: disease understanding, disease management, decision making for surgical referral/
surgery and barriers and challenges. GP interviews also included a
theme about diagnosis of OA. GPs and surgeons had similar attitudes
towards and a shared understanding of OA. Both groups believed that
the cause of OA is multi-factorial and associated with previous injury/
trauma, excess body weight, mechanical misalignment of the joint,
family history, genetics, and age. While they understood that the
prevalence of OA increases with age, they did not believe it was part of
normal aging or inevitable. Most GPs acknowledged that severity of
disease on an X-Ray does not correlate well with symptoms. Despite
this, some GPs reported always using imaging to support their diagnosis. Conservative management was supported and encouraged by all
interviewees, with a focus on exercise and physiotherapy. GPs believed
exercise is beneﬁcial for patients, reducing pain and improving function
and reported using exercise as ﬁrst-line treatment. GPs did not believe
exercise is harmful if performed within appropriate limits which they
listed as limiting high impact exercise for patients with joint damage/
previous injury and slowly increasing intensity and duration for
patients with a sedentary lifestyle. Surgery was considered as a suitable
option by both GPs and surgeons when non-surgical treatment methods had been exhausted. The decision by GPs to refer for surgery was
multifactorial and based upon severity of pain, function, waking at night
and failure of conservative treatment options. Similarly, for surgeons
the decision to perform surgery was based upon the patient’s current
symptoms-pain severity/tolerance, impact of pain on their lives, function, medical history, suitability for surgery and the patient’s willingness for surgery. Key barriers to treating OA were managing poor
patient understanding of OA, unrealistic patient expectations of surgery
outcomes, lack of patient motivation to engage in conservative management and cost and accessibility of conservative treatment options. A
lack of disease modifying treatment was also identiﬁed as a major
barrier to effective treatment.
Conclusions: In contrast to previous studies, mostly conducted outside
Australia, this study found that most GPs and orthopaedic surgeons
reported an evidence-based understanding and approach to managing
OA. Areas that could improve treatment include less reliance on
imaging to diagnose OA, improved reimbursement models for conservative management to decrease cost and increase accessibility to
patients, and better opportunities for patient education about OA.

PRESENTATION NUMBER: 516
PATIENT CHARACTERISTICS AND FACTORS AFFECTING TOTAL KNEE
REPLACEMENT DECISION-MAKING BY DIFFERENT PHYSICIAN
TYPES TREATING KNEE OSTEOARTHRITIS PATIENTS
A.V. Bedenbaugh 1, G. Oderda 2, V.C. Lee 3, J. Moller 1, D. Brixner 2,
S. Kennedy 1, T. McAlindon 4, J.R. Tambiah 1. 1 Samumed, LLC, San Diego,
CA, USA; 2 Univ. of Utah Pharmacotherapy Outcomes Res. Ctr., Salt Lake
City, UT, USA; 3 The Kinetix Group, New York, NY, USA; 4 Tufts Med. Ctr.,
Boston, MA, USA
Purpose: Total knee replacement (TKR) is an effective knee osteoarthritis (OA) treatment and a commonly performed procedure that
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improves pain, function, and quality of life; however, up to 25% of
patients may not achieve good outcomes. Also, comorbidities and
patient factors may limit procedure safety. The objective of this analysis was to identify the percentage and distribution of TKR surgical
candidates across specialties (orthopedic surgeons [OS], rheumatologists [RH], sports medicine [SM] physicians, and pain specialists [PS])
and gain insight into patient characteristics that inﬂuence TKR
candidacy.
Methods: Board-certiﬁed physicians with  2 years of practice and
who were seeing  10 knee OA patients per week participated in
an interview about their two most recent knee OA patients. Interviews (structured questions and answers from patient medical
records) were conducted from March to April 2019 and assessed
demographics, referral patterns, comorbidities, time to treatment,
imaging use, TKR candidacy, and reasons for noncandidacy. Multiple reasons for TKR noncandidacy per patient were allowed. Since
no patient-identifying information was included, this project was
exempt from IRB review and HIPAA consent. Because this study
was designed to assess effect modiﬁcations, a conﬁdence level of
90% was used.
Results: In total, 854 patient charts were reviewed across all specialties. The mean age of knee OA patients was 65 years (range: 63
years for SM patients to 66 years for PS patients) (Table 1). The mean
number of comorbidities was 2.6, with the most common being
hypertension and obesity. The mean time from patient-reported
symptom onset to physician knee OA diagnosis was 3.4 years and the
patient-reported time from knee OA diagnosis to a previous TKR was
5.3 years (Figure 1). The mean pain score at last visit was 5.6 (0-10
NRS). RH predominantly saw KL grade 3 (55.6%) patients, whereas OS
saw more KL grade 4 (45.3%) patients. TKR candidacy was assessed for
779 patients; approximately half were identiﬁed as future surgical
candidates, with 38% projected to undergo TKR within 12 months.
Overall, of 286 (37%) patients who were identiﬁed as TKR noncandidates, 65% had mild disease/well-controlled symptoms. Additional reasons for TKR exclusion included patient preference (29%),
age (16%), overall health (12%), weight (10%), and smoking habits (5%)
(Figure 2). Reasons for TKR noncandidacy were not mutually exclusive; thus, the primary reason for noncandidacy was not identiﬁed.
Limitations to this study included potential selection bias, confounding by risk factors, inability to show causation, small sample size, and
missing data.
Conclusions: In this observational chart review, the predominant
reason for TKR noncandidacy was mild disease/well-controlled
symptoms. However, several patient factors were identiﬁed as reasons for exclusion, including patient preference (refusal of surgery),
advanced age, overall health, and lifestyle choices. The patterns of
reasons for TKR noncandidacy were similar across physician types;
however, PS had a higher percentage of patients with comorbidities
and worse health than other specialists. Although causation could
not be identiﬁed, this analysis showed that a substantial percentage
of knee OA patients were not TKR candidates and suggests a continued need for the development of effective nonsurgical
treatments.
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Total RNA was extracted and gene expression was determined by realtime RT-PCR at 6 and 24 hours for articular chondrocytes and 14 days for
cartilage explants. Cartilage immunohistochemistry and histological
staining were undertaken and from cartilage supernatants, glycosaminoglycans (GAG) release was calculated and cytokines measured by
Luminex technology.
Results: Treatment with selected nutraceuticals reduced the levels of
nitrites, correlating with similar reductions seen in NOS2 gene expression. Safranin-O and Alcian blue/Sirius red staining of the positive OA
controls showed obvious losses in proteoglycans (PG) from the superﬁcial layers with only discrete stained regions present in the deep

PRESENTATION NUMBER: 517
HARNESSING
THE
MEDITERRANEAN
DIET
TO
PREVENT
OSTEOARTHRITIS
n-Andrade 2, P.C. Calder 1,
M.S. Meiss 1, K.M. Villagra
ndez-Bolan
~ os 3, C. Alarco
n-de-la-Lastra 4,
J.G. Ferna
nchez-Hidalgo 4, F.J. Blanco 2, R.O. Oreffo 1, M.C. de Andre
s 1, 2. 1 Ctr.
M. Sa
for Human Dev., Stem Cells and Regeneration, Inst. of Dev.al Sci.,
~ a-INIBIC,
Southampton, United Kingdom; 2 BioMed. Res. Inst. of A Corun
~ a, Spain; 3 Dept. of Organic Chemistry, Faculty of Chemistry,
A Corun
Univ. of Seville, Seville, Spain; 4 Dept. of Pharmacology, Faculty of
Pharmacy, Univ. of Seville, Seville, Spain
Purpose: Osteoarthritis (OA) is a late-onset, complex disease of the
joint, characterised by progressive failure of the extracellular cartilage
matrix (ECM), together with changes in the synovium and subchondral bone. OA is the most common form of arthritis worldwide
and the sixth leading cause of disability. Whilst traditionally OA has
been considered a non-inﬂammatory form of arthritis, the involvement of inﬂammation in the development of OA has been implicated.
This opens a new avenue in OA investigation: the use of nutraceuticals as targeted therapeutics, given it is known that nutraceuticals
confer protection from certain chronic diseases related to oxidative
stress, inﬂammation and immune dysfunction. The aim of this study
is to analyse the effects of selected nutraceuticals, found in the traditional Mediterranean Diet, on the aberrant catabolic gene expression pattern in OA chondrocytes and the destruction of the ECM in
cartilage explants.
Methods: Articular chondrocytes and tissue explants were obtained
from the articular cartilage of OA femoral heads (n¼6). Chondrocytes
and tissue explants were stimulated with different extra virgin olive oil
(EVOO) polyphenolics (e.g. oleocanthal, oleuropein, hydroxytyrosol)
and marine u-3 fatty acids supplements (particularly the bioactive fatty
acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)).
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zones. We demonstrated PG could be recovered upon treatment with
nutraceuticals from EVOO and marine u-3 fatty acids. Furthermore, the
data from the s-GAG release studies demonstrated that the treatment
with these compounds reduced PG loss when compared to the positive
control. Nutraceuticals are able to revert the catabolic gene expression
pattern in articular normal chondrocytes and cartilage explants not only
by decreasing the expression of aberrant genes, such as iNOS, IL18 and
MMP13, but also by reducing GAG release and the destruction of the
ECM. Speciﬁcally, treatment with marine u-3 fatty acid DHA reduced
signiﬁcantly the positive staining for iNOS in cartilage explants after 14
days of culture (Figure 1). Furthermore, the stimulation with this
nutraceutical was able to recover ECM loss and, also inhibit s-GAG
release (Figure 2).
Conclusions: These results demonstrate a protective and beneﬁcial
effect of the Mediterranean diet in OA, with implications for therapeutic
intervention and our understanding of OA pathophysiology.
PRESENTATION NUMBER: 518
INCIDENCE OF ADVERSE EVENTS AND COMORBIDITIES AFTER
INCIDENT NSAIDS USE AMONG PEOPLE WITH OTEOARTHRITIS
A. Dell'Isola 1, A. Turkiewicz 1, A. Kialdaliri 1, W. Zhang 2,
S. Bierma-Zeinstra 3, D. Prieto-Alhambra 4, M. Englund 1. 1 Lund Univ.,
Lund, Sweden; 2 Univ. of Nottingham, Nottingham, United Kingdom;
3
Erasmus Univ., Rotterdam, Netherlands; 4 Univ. of Oxford, Oxford,
United Kingdom
Purpose: Oral non-steroidal anti-inﬂammatory drugs (NSAIDs) are the
most commonly used pharmaceutical for arthritic pain worldwide.
Given the chronic and often ﬂuctuating nature of OA symptoms and the
resulting need for long-term therapeutic solutions, assessing the risks
of NSAIDs over a long time period is important. Currently, there is a
large body of evidence around adverse events (AEs) linked to NSAIDs
use, thus little is known about the timing and evolution of comorbidities among OA patients in real-world settings. Therefore, we aimed to
investigate the association between new users of NSAIDS among persons with incident OA and a wide range of incident AEs and comorbidities using observational real-world data.
Methods: The study is based on register data for the entire population
of Skåne, the southernmost region in Sweden with 1.27 million
inhabitants in the year 2015. We linked data from the Swedish Population Register, the Longitudinal Integration Database for Health
Insurance and Labour Market Studies (LISA by Swedish acronym), and
the Skåne Healthcare Register (SHR). The SHR is a regional legislative,
mandatory register covering all healthcare providers in the region with
diagnostic codes based on the International Classiﬁcation of Diseases
(ICD)-10 system. Individuals aged 35 years or older on January 1st, 2008
and with residence in the Skåne region between January 1st, 1998 and
January 1st, 2008 with at least one healthcare visit but without an OA
diagnosis during this time were eligible for inclusion. For our study, we
identiﬁed persons with a new diagnosis of OA of any peripheral joint
(i.e. of hip, knee, ankle/foot, wrist/hand, generalized or unspeciﬁc)
recorded by a physician at a healthcare visit (i.e., at least one M15 to
M19 ICD-10 code) between January 1st, 2008 and October 31st, 2014. We
retrieved data on all NSAIDs: butylpyrazolidines, coxibs (COX-2 inhibitors), acetic acid derivates, oxicams (enolic acid derivates), propionic
acid derivates, fenamates, other anti-inﬂammatory and rheumatic
agents, for all included persons. We excluded persons that used prescribed NSAIDs any time during the 2 years before the OA diagnosis. A
person was considered an NSAIDs user from the ﬁrst date of any NSAID
dispensation. We followed all persons until the end of study (Oct 31st
2015), death or the development of one of 6 groups of AEs and
comorbidities (outcome): cardiovascular diseases, diseases of digestive
system and chronic kidney disease, musculoskeletal disorders, endocrine and metabolic diseases, neurological/psychological disorders and
others (Table 1 footnotes). In each analysis, the persons with the outcome of interest preceding the OA diagnosis were excluded to enable
studying incident disease. Time from start of follow-up (1st OA diagnosis) to dispense date of ﬁrst NSAID prescription was treated as
unexposed time (non-user). Individuals were followed up until incident
comorbidity (our outcome), death, relocation outside Skåne region, or
October 31st, 2015, whichever occurred ﬁrst (Figure 1).In the primary
analysis, we estimated the immediate effect of the exposure (non-user
vs user) using ﬂexible (stpm2 function in Stata) parametric survival
models to account for non-proportional hazards and obtain survival
curves estimates. Analyses were adjusted for age, sex, type of OA (knee,
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hip, hand, generalized or unspeciﬁed), residential area, birth outside of
Sweden, income, highest level of achieved education, marital status,
comorbidities other than the one of interest and number of physical
healthcare consultations (primary care, out-patient specialist care, and
hospital admissions) in the year preceding OA diagnosis with the
number of visits to a physician in in-patient and out-patient specialist
care, primary care or other healthcare professionals. We estimated
hazard ratios (HR) and difference in survival (proportion without the
outcome of interest over time) with 95%CIs. In a secondary analysis, we
additionally adjusted for time-varying confounders: healthcare visits
(as listed above) during the previous month and incident comorbidity
that could be a contraindication for NSAID use (oesophagus diseases,
gastritis, duodenitis, gastrointestinal bleeding, hypertension, heart
failure, stroke, thrombotic diseases, other blood vessel diseases, chronic
kidney disease). For this analysis, we used pooled logistic regression,
with robust standard errors, weighted by inverse probability of treatment and censoring weights.
Results: We included approximately 20 000 subjects with a new
diagnosis of OA, with a mean age of ~60 years and ~60% women (Table
1). Individuals with incident OA receiving a new prescription of NSAIDs
had a higher risk of developing cardiovascular comorbidities (HR 1.16
[1.09,1.24]), gastrointestinal comorbidities ( 1.11 [1.02,1.20]), and musculoskeletal comorbidities (1.28 [1.20,1.36]) while no association was
found for endocrine and metabolic comorbidities (HR 1.00 [0.91,1.11])
neurological and psychological comorbidities (0.97 [0.90,1.04]) and
other comorbidities (1.04 [0.98,1.11]) (Table 1). After 8 years following
OA diagnosis, NSAIDs use was associated with 4.2% (95%CI 2.4, 6.0) more
cardiovascular events, 7.2% (95%CI 5.4, 9.0) more musculoskeletal diseases (Figure 2) and 3.5% (95%CI 2.0, 4.7) more gastrointestinal
comorbidities. Analyses accounting for time-varying confounders gave
similar results (Table 1).
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Conclusions: Subjects with newly diagnosed OA who received at least
one NSAIDs prescription during study time had a higher hazard of
developing known AEs, i.e. cardiovascular, and gastrointestinal conditions but also musculoskeletal comorbidities . Overall, our results
suggest that OA patients receiving NSAIDs are at higher risk of developing AEs or comorbidities. While this association may be partially
explained by the biological effect of NSAIDs, the severity of OA-related
pain and prescription pattern of NSAIDs may also be contributing.

For about a third of patients noted that this form of medical care is
signiﬁcantly cheaper than in-person visit. According to the doctor who
conducted the consultations, 83.3% of patients were completely satisﬁed with the quality of this medical service and solved their problems.
Conclusions: TMC represents a promising format of medical care for
patients with rheumatic diseases.

PRESENTATION NUMBER: 520
EVALUATION OF THE EFFECTIVENESS OF ONLINE SCHOOLS FOR
PATIENTS WITH RHEUMATIC DISEASES
A. Sarapulova, O. Teplyakova. USMU, Yekaterinburg, Russian Federation

PRESENTATION NUMBER: 519
TELEMEDICINE CONSULTATIONS IN RHEUMATOLOGY
O. Teplyakova 1, A. Sarapulova 2. 1 USMU, Ekaterinburg,
Federation; 2 USMU, Yekaterinburg, Russian Federation

Russian

Purpose: Due to the coronavirus pandemic, adjustments were made to
the standards for the provision of medical care to patients with rheumatological diseases, including an implementation of video consultations. The format of telemedicine services has its own
characteristics in each country, largely dependent on how actively the
Internet is used by the population. According to ofﬁcial data for 2018,
Internet users in Russia accounted for 75.4% of the total population,
while in the 55þ age group - only 36%. The aim of the study was to
assess the development of telemedicine consultations (TMC) in the ﬁeld
of rheumatology in one of the medical ofﬁces in a large industrial
center.
Methods: The study included patients who applied for TMC. After it was
held, all of them were asked to answer several questions in the Google
form. The total number of participants was 36 patients.
Results: A feature of the development of TMC was the extremely slow
popularization of this method. Since the permission for this type of
activity had been obtained, only 36 TMC were carried out in 5 months,
while 488 traditional consultations have taken place. 77.8% of these
were women, the overwhelming majority aged 31-50 years. 29 people
lived in the immediate vicinity of the ofﬁce, 3 - in the same region, but 4
people - in Russia up to 4000 km away from the ofﬁce. About a quarter
of the patients used online video consultations more than once.
According to patients, 83.3% were able to completely, and 16.7% partially solve their problems. It was easy to establish contact for 86.1% of
patients. The main reasons for applying for TMC were: it’s much faster
than waiting in line for an in-person consultation, they just needed to
clarify some issues (drug dose, control of analyzes). About half of the
patients assessed the convenience of TMC (from home), the avoidance
of infectious contacts in transport, and the quickness of urgent issues
resolving. The main problems raised in the course of TMC were the
routine control of laboratory tests and the correction of the therapy
received. From this point of view, patients with gout and rheumatoid
arthritis look the most promising for management. And, indeed, they
constituted a signiﬁcant part of those who applied for TMS. It’s
remarkable that all patients noted their readiness to continue using
TMC, since it turned out to be more convenient (100% of respondents'
answers) due to the ability of receiving advice at a convenient time
while staying at home, and the consultation is comparable to the faceto-face format (83.3%) in terms of quality; about half said that it saves
time, and there is no problem of making an appointment with a doctor.

Purpose: Stable compliance between a doctor and a patient is one of the
necessary conditions for successful treatment. This is especially
important for rheumatic diseases, since they are chronic and require
long-term and sometimes lifelong observation. One way to establish
strong relationships and provide reliable information about the disease
is through the conduct of “patient schools”. This is one or several lessons, which deal with the development, diagnosis and treatment of
rheumatic diseases. In addition, the patient's school can serve as a kind
of "preamble" for future "off-line" communication and make the consultation more valuable. The COVD-19 pandemic has made serious
adjustments to the work of doctors around the world, reducing direct
contact with patients to a minimum. One of the ﬁrst being transferred
to the online became "patient schools".The objective of the study was to
evaluate the effectiveness of online schools for patients with rheumatic
diseases.
Methods: It is noteworthy that about 100 people passed online registration as participants in each school, and no more than a third attended
at the appointed time. All of the registered patients received the lecture
recording and were able to watch it at a convenient time. The study
included 56 patients who participated in the lessons on the topics "Pain
in the knee ", "Backache" and "Gout". Each lesson lasted about 1.5 hours,
of which 1 hour was a lecture in the format of a video presentation and
30 minutes - answers to the questions. After the lesson, the participants
were asked to answer several questions in Google form.
Results: All online school participants who ﬁlled out the questionnaire
lived directly on the territory of its holding or within 100-150 km from
it. About a third of them - 35.7% - were between 31 and 40 years old,
21.4% - 41-50 and 51-60 years old. The overwhelming majority of the
listeners learned about the school from doctors participating in the
event (50%) or on the website of a medical organization (28.6%). All
enrolled patients had problems on these topics. When assessing the
degree of beneﬁt of the event on a 10-point scale, 71.4% of patients
noted 10 points, the rest were evenly distributed between 7, 8 and 9
points. Nobody gave a mark below 7 points. Answering the question
about what has changed in the understanding of the disease in patients,
42.9% noted that they plan to change their lifestyle, and 35.7% understand that a correction of therapy is needed or they will come to a faceto-face appointment, or listened because of such problem with relatives. The teacher's work was highly appreciated: 85.7% gave 10 points,
and 14.3% - 9! All patients expressed a desire to participate in the following lessons. When comparing the conducted school with the presentation of material in other sources (TV programs, other schools for
patients), 75.8% of patients noted that it is better at school in terms of
the depth of the topic, 78.6% - in terms of accessibility of the material.
All patients noted a high probability that they recommend this school to
their relatives and friends and 100% conﬁdence in the doctor conducting the lesson.
Conclusions: Thus, the conducted online schools demonstrated a high
level of interest and quality assessment on the part of patients with
rheumatic diseases.

PRESENTATION NUMBER: 521
CANNABINOID RECEPTORS EXPRESSION POSITIVELY CORRELATED
WITH SYNOVITIS IN HORSES WITH SPONTANEOUS OSTEOARTHRITIS
L. Miagkoff, C. Girard, H. Richard, S. Laverty. Universit
e de Montr
eal,
Saint Hyacinthe, QC, Canada
Purpose: Osteoarthritis (OA) is a major cause of disabling pain in all
species and palliative therapy with anti-inﬂammatory molecules is a
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common therapy but has many associated undesirable side-effects.
There is increasing interest in the use of cannabinoids for OA therapy.
The horse is a suitable large animal model for cartilage studies and
information is lacking concerning the endocannabinoid system in the
equine joint.Our objectives are (1) to investigate cannabinoid receptor
(CB1 & CB2) expression pattern in the synovium of healthy and equine
OA joints and (2) to study the relationship between cannabinoid
receptor expression, synovitis and OA scores.
Methods: Tissue specimens were available in a repository. The equine
metacarpophalangeal joints (n¼25) were dissected, and macroscopic
articular cartilage lesions were scored (OA score). Synovial membrane
specimens (n¼45; 2 anatomical sites) were harvested, ﬁxed, sectioned, stained with H&E and scored histologically for synovitis.
Synovium immunohistochemical staining employing CB1 and CB2
antibodies was performed on each section and controls. All sections
were digitalized. Synovial membrane regions of interest (ROIs; n ¼5)
were randomly selected and scored for positive cell immunoreactive
staining by 2 blinded observers (Figure 1). The interobserver agreement was calculated with ICC. The relationships between the CB1 and
CB2, synovitis and OA scores were interrogated with a mixed linear
model.
Results: The ICCs for CB1 and CB2 scores were 84.6% and 92.9%
respectively. CB1 was expressed in all specimens studied (40/40) by
both observers whereas CB2 expression was identiﬁed in 93% (40/43)
and 95% (41/43) of specimens by observers. Signiﬁcant positive interactions were found between the CB1 (p¼0.038) and CB2 p¼0.027)
immunoreactive scores and the synovitis score. However, the CB1 score
was negatively correlated with the OA score (p¼0.03). A similar trend
was observed for CB2 (p¼0.64) (Figure 2).
Conclusions: Equine synovial intimal cells constitutively express CB1
and CB2, revealing a functional endocannabinoid system in the equine
joint. The positive correlation between cannabinoid receptor expression in synovial cells and synovitis holds great promise for treating
osteoarthritic pain by targeting synovial inﬂammation with
cannabinoids.
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PRESENTATION NUMBER: 522
CHANGES IN PHYSICAL ACTIVITY DURING A ONE-YEAR WEIGHT LOSS
TRIAL WITH LIRAGLUTIDE IN PARTICIPANTS WITH KNEE
OSTEOARTHRITIS: SECONDARY ANALYSES OF A RANDOMISED TRIAL
C. Bartholdy, A. Overgaard, H. Gudbergsen, H. Bliddal, L. Kristensen,
M. Henriksen. The Parker Inst., Copenhagen, Denmark
Purpose: The average time a person is physically active is related to
different factors, including BMI and disability. We hypothesized that if
either factor change, a subsequent change in physical activity might
occur as well. The purpose of this study was therefore to compare
changes in physical activity after a one-year weight loss period with
either liraglutide or placebo in participants with knee osteoarthritis
(OA).
Methods: This study was part of a larger randomized trial “Effect of
liraglutide on body weight and pain in overweight or obese patients with
knee osteoarthritis” (www.clinicaltrials.gov: NCT02905864). All participants partook in an 8-week run-in dietary intervention period where
they followed an intensive dietary intervention (IDI) of 800-1000 kcal a
day to produce a weight loss of minimum 5 %. All participants who
achieved a minimum 5 % weight loss where then included in the oneyear weight loss trial, randomized (1:1) to either liraglutide 3 mg/day or
placebo, stratiﬁed based on sex (female vs. male), age (<60 years vs.
60 years), and obesity class (body mass index (BMI) < 40 kg/m2 vs. 
40 kg/m2). All personnel involved with patients or reporting of data was
blinded. During the ﬁrst 8 weeks of the one-year period both groups
had biweekly sessions with a dietitian to re-introduce regular meals in
combination with meal replacement products. Liraglutide or placebo
was administered subcutaneously starting with 0.6 mg/day increasing
biweekly by 0.6 mg/day until 3 mg/day was reached after the ﬁrst 8
weeks. From week 8 until week 52 participants were seen every fourth
week to handout medication, meal replacement products and report
patient reported outcomes. The main inclusion criteria were: clinical
diagnosis of knee OA (American College of Rheumatology (ACR) criteria)
conﬁrmed by radiology, age 18 to 74, BMI 27 kg/m2 (for inclusion in
the IDI period), motivated for weight loss, minimum 5 % weight loss
after completing the 8-week IDI period. Participants were recruited
from collaborating clinical hospital departments, advertisements in
local newspapers, and online advertisement. All participants were
treated at the Osteoarthritis outpatients’ clinic, Frederiksberg Hospital,
Denmark. The main outcome for these secondary analyses was change
in physical activity (min/day) after one-year. An accelerometer placed
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on the thigh was used to measure physical activity continuously (24h/
day) one week before randomization and at one-year (end of trial). The
accelerometer was a single-use miniature tri-axial device (dimensions:
50x21x5 mm, weight: 8g; SENS-MOTION® activity measurement system, version 1.7.1) placed on the lateral side of the thigh with a small
waterproof Band-Aid (MediporeTM, 3M, Soft Cloth Surgical Tape on
Liner). The assessment of physical activity comprised of all movements
e.g. excluding time spent standing or sitting/laying down. Time spent
standing and time spent sitting/laying down was also registered. Body
weight was recorded with a decimal weighing scale and knee OA
symptoms were assessed using the Knee Injury and Osteoarthritis
Outcome Score (KOOS). The KOOS questionnaire consists of 5 subscales:
function in daily life, knee related quality of life, knee pain, function in
sports and recreation, and other symptoms. Answers was given on a 5point Likert scale scoring from 0-4. For the reporting of the KOOS
subscales, they were normalized (0-100) with 100 indicating no
symptoms and 0 indicating extreme symptoms. The analyzed population consisted of participants with valid accelerometer data at
baseline. To assess the difference between groups an ANCOVA model
was applied and adjusted for stratiﬁcation factors; Sex, age category
(above 60), obesity class (BMI above 40), and baseline value. Missing
data at one-year was dealt with using a baseline observation carried
forward approach. The relationship between; changes in weight and
changes in physical activity, and changes in KOOS subscale function in
daily life and changes in physical activity, was assessed using general
linear models adjusted for: sex, age category (above 60), obesity class
(BMI above 40).
Results: A total of 156 participants were randomized to either liraglutide (n¼ 80) or placebo (n¼ 76), of those 135 participants had valid
baseline accelerometer data (66 liraglutide and 69 placebo). For the
liraglutide group the average age was 58.8 years, height 171.5 cm and
BMI 33 kg/m2. In the placebo group the average age was 58.6 years,
height 170.4 cm and BMI 31.5 kg/m2. The changes in physical activity
(min/day) was not different between groups (mean difference 1.6 min/
day [95 % CI -16.0, 19.1; P¼ 0.9). The liraglutide group had a mean
change in physical activity of 15.8 min/day (8.7 SE) and the placebo
group 14.2 min/day (9.4 SE). There was a difference between groups in
weight loss (mean difference -4.1 kg [95 % CI -6.0, -2.1; P<0.001]) in
favor of the liraglutide group. For the knee OA symptoms, a statistically
signiﬁcant difference was found on KOOS function in daily life (mean
difference 3.8 points [95 % CI 0.9, 6.7; P¼ 0.01]) in favor of the liraglutide
group. No signiﬁcant difference between groups on KOOS knee related
quality of life, knee pain, function in sports and recreations, or other
symptoms were found. Table 1 presents the baseline values, change
within each group, and the difference in change between groups for the
outcomes; weight, physical activity, resting, standing, and KOOS subscales. There was an association between change in weight and change
in physical activity in the liraglutide group with a slope of -2.4 (SE 1.2;
P¼0.045) and no association in the placebo group (slope: -0.72 [SE 1.3];
P¼0.58). However, when removing one outlier that lost 36.6 kg from the
liraglutide group the slope in the liraglutide group became -1.76 (SE 1.3;

Outcome

Weight, kg
Physical activity, min/day
Resting, min/day
Standing, min/day
KOOS
Function in daily life
Knee related quality of life
Knee pain
Function in Sport and Recreation
Other Symptoms

Table 1

P¼0.16). The slopes in the two groups were similar (interaction,
P¼0.35). Figure 1 illustrates the associations between change in weight
and change in physical activity for each group with best ﬁtted lines
without the outlier. There was no association between change in KOOS
function in daily life and change in physical activity with a slope of 0.78
(SE 0.8; P¼0.33) for the liraglutide group and no association in the
placebo group (slope: 0.3 [SE 0.8]; P¼0.71). The slopes in the two groups
were similar (interaction, P¼0.67). Figure 2 illustrates the association
between change in KOOS function in daily life and change in physical
activity for each group with best ﬁtted lines.
Conclusions: Daily physical activity time does not seem to change
during a one-year weight loss period on either liraglutide or placebo.
The liraglutide group had a signiﬁcant weight loss compared to the
control group; however, the higher weight loss did not inﬂuence daily
average physical activity time. An improvement in the liraglutide group
was observed for KOOS function in daily life, resulting in a statistically
relevant difference between groups at one year. However, the change in
KOOS function in daily life, both within the liraglutide group and
between groups, was not clinically relevant and does not seem to be
associated to change in physical activity. Overall physical activity level
does not seem to be inﬂuenced by a weight loss nor change in function
in daily life reported by KOOS, when participating in a one-year weight
loss intervention on either liraglutide or placebo.

Baseline

Change after one year

Mean (SD)

Mean change (SE)

Difference between groups

95 % CI

P value

Liraglutide

Placebo

Liraglutide

Placebo

Mean

97.1 (19.0)
234.4 (71.6)
1067.7 (112.0)
123.6 (58.1)

91.6 (14.4)
235.4 (85.6)
1052.0 (124.2)
138.2 (93.2)

-6.4 (1.1)
15.8 (8.7)
0.6 (10.7)
-3.5 (6.5)

-2.3 (1.2)
14.2 (9.4)
5.8 (11.5)
-9.4 (7.0)

-4.1
1.6
-5.2
5.9

-6.0 to -2.1
-16.0 to 19.1
-26.8 to 16.4
-7.2 to 19.0

<0.0001
0.9
0.6
0.4

81.0
48.2
75.3
49.6
78.0

85.1
55.3
77.9
55.1
78.5

3.7 (1.5)
3.3 (1.8)
1.9 (1.7)
0.3 (2.3)
-1.5 (1.7)

-0.1 (1.6)
1.1 (1.9)
0.2 (1.9)
-0.8 (2.4)
0.5 (1.8)

3.8
2.1
1.7
1.0
-2.0

0.9 to 6.7
-1.4 to 5.7
-1.8 to 5.1
-3.5 to 5.5
-5.4 to 1.4

0.01
0.2
0.3
0.7
0.2

(15.1)
(18.2)
(18.5)
(26.8)
(16.4)

(10.7)
(20.5)
(13.2)
(25.7)
(14.2)

Baseline values, change within each group and the difference in change between groups
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PRESENTATION NUMBER: 523
EFFICACY
OF
PHOTOBIOMODULATION
IN
RELIEVING
POSTOPERATIVE PAIN IN PATIENTS WITH KNEE OSTEOARTHRITIS
UNDERGOING TOTAL KNEE REPLACEMENT
M.U. De Rezende 1, G.M. Freire 1, B.B. Varone 1, D.F. Martuscelli 1,
G.P. Ocampos 1, N.C. Pinto 2, M.V. De Sousa 2, H.A. Ashmawi 1,
O.P. De Camargo 1. 1 IOT-HC-FMUSP, Sao Paulo, Brazil; 2 Bright
Photomedicine, Sao Paulo, Brazil
Purpose: To evaluate the efﬁcacy of photobiomodulation in reducing
opioid consumption after total knee replacement in patients with knee
osteoarthritis. Secondarily, also to evaluate pain, early adverse effects
and patient’s satisfaction with the analgesia.
Methods: Ten patients with knee osteoarthritis were submitted to primary total knee replacement under spinal anesthesia and sedation.
Among postoperative analgesia, all patients received ultrasound guided
obturator and femoral nerve blockage, dipyrone 30mg/kg intravenous
(IV) every 6 hours and ketorolac 30mg IM every 12 hours for 3 days. If still
with pain patients could receive IV morphine 2mg by a patient control
analgesia (PCA) device. photobiomodulation (PBM) was applied in nine
patients with a Light Aid equipment from Bright Photomedicine-Brasil,
arsenide, gallium and aluminum LEDs. Patients received sessions of PBM
at the immediate postoperative (in the operating room) and after 48
hours. The Waves were of 850nm length and it was applied in the topography of the femoral nerve for 240 seconds and parallel to the surgical
incision of the knee for 120 seconds. One patient received placebo PBM.
Results: The patient that received placebo PBM consumed 12mg, 22mg,
20mg and 4mg at immediate postoperative (IPO),1st, 2nd, and 3rd PO day,
respectively. The group that received PBM, received on average
3.5mg±4.8, 8.4mg±5.32, 1.56mg±2.37 and 0mg of morphine respectively
at IPO, 1PO, 2PO, 3PO. Pain at rest averaged 4.8±3.2 and 5.6±3.5 at
movement at IPO evaluation for the PBM group whereas the patient that
received placebo treatment referred pain 8 at rest and 10 at movement.
Four patients reported pain above 8 at least once during follow-up, while
the remaining reported pain 5 at most once. In average the 9 patients that
received PBM graded their satisfaction with the analgesia as 7.9±2.4 while
the patient that received placebo with a 2. Two patients had nausea and
itching, two only nausea and one only itching. All symptoms were subsided without the need of new procedures or increased hospitalization.
Conclusions: There is an actual potential of using photobiomodulation
as a tool to reduce pain and increase mobility of patients with knee
osteoarthritis undergoing total knee replacement.

PRESENTATION NUMBER: 524
BENEFIT OF COMBINING CURCUMIN, HARPAGOPHYTUM AND
BROMELAIN TO REDUCE INFLAMMATION IN OSTEOARTHRITIC
SYNOVIAL CELLS
S. Brochard 1, K. Boumediene 1, T. Conrozier 2, C. Bauge 1. 1 Univ. de Caen
Normandie, Caen, France; 2 Hosp. Nord Franche-Comte, Belfort, France
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Purpose: Osteoarthritis is the most common cause of arthritis affecting
millions of people worldwide, characterized by joint pain, which is a
major driver of clinical decision making and health service use. Initially
considered as a simple degenerative and erosive process of cartilage,
the concept has migrated from a local cartilage problem caused by wear
and tear, to a complex disease involving inﬂammatory factors and
affecting the whole joint including synovium. In particular, synovial
cells produce and liberate into the synovial ﬂuid numerous proteins
involved in joint inﬂammation, pain or catabolism. Thus, synovial cells
greatly participate to OA process and related pain. Since drug combination is widely used to treat chronic inﬂammatory diseases, a similar
strategy may be worth of interest to design plant-derived natural
products to reduce inﬂammation in OA joint. Here, we investigated the
biological action of the combination of curcumin, harpagophytum and
bromelain in an experimental in vitro model of osteoarthritis.
Methods: Primary human synovial cells from OA patients were
stimulated with lipopolysaccharide (LPS) alone or in combination with
different treatments: curcumin, harpagophytum and bromelain alone
or the three vegetal compounds together. Then, the expression of genes
involved in inﬂammation, pain or catabolism were determined by RTPCR. The release of the encoded proteins by these genes and of prostaglandin E2 (PGE2) were also assayed by ELISA.
Results: LPS treatment of human synovial cells stimulates inﬂammation
through the production of pro-inﬂammatory cytokines (Interleukin-6,
IL-6), the catabolism through an increase of metalloproteases (MMP-1,
MMP-3, MMP-13), and the production of pain-mediating neurotrophin
(Nerve Growth Factor, NGF). These increases were observed at level of
mRNA levels and of protein release. LPS also increases the amount of
PGE2, another pain mediator. At doses tested, vegetal extracts had little
effects: only curcumin slightly counteracted the effects of LPS on NGF
and MMP13 mRNA and PGE2, IL-6 and MMP13 release. In contrast the
association of curcumin with harpagophytum and bromelain reversed
lots of effects of LPS in human synoviocytes. It signiﬁcantly reduced the
gene expression and the release of proteins involved in catabolism
(MMP3 and 13), inﬂammation (IL-6) and pain (PGE2 and NGF).
Conclusions: Together, these results show that the combination of
three vegetal compounds, namely curcumin, harpagophytum and bromelain have anti-inﬂammatory and anti-catabolic action in synovial
cells and may thus reduce OA progression and related pain.
PRESENTATION NUMBER: 525
EFFECT OF A SINGLE-SHOT INJECTION OF A HIGH-DENSITY
HYALURONIC ACID GEL IN PATIENTS WITH SYMPTOMATIC
PRIMARY KNEE OSTEOARTHRITIS: RESULTS OF NO-DOLOR STUDY
D. Khorsandi 1, 2, J. Monfort 3, J. Combalia 1, C. Emsellem 1, Y. Gaslain 1.
1
Procare Hlth.Iberia, Castelldefels, Spain; 2 Univ. of Barcelona, Barcelona,
Spain; 3 Osteoarthritis Unit, Dept. of Rheumatology, Hosp. del Mar,
Barcelona, Spain
Purpose: The main objective of this study (NO-DOLOR study) is to
evaluate the evolution of pain in patients with primary knee osteoarthritis (OA), after a single injection of a high-density viscoelastic gel,
which contains a high concentration of hyaluronic acid (HA) (Pronolis®
HD mono 2.5%: 120 mg HA in 4.8 ml).
Methods: Patients with symptomatic primary knee OA (according to ACR
criteria and with pain at inclusion equal or superior to 4 out of 10 measured by visual analog scale) were included in an observational, multicenter (70 specialized care centers), prospective one-cohort study. After a
single dose of Pronolis® HD mono 2.5%, patients were followed for 6
months. Final results of the primary endpoint (3-months pain evolution
measured by domain ‘’A’’ of the WOMAC scale) and secondary endpoints
(6-months pain, stiffness, physical function, and pain on movement evolution, measured by WOMAC-A, WOMAC-B, WOMAC-C and 1st question
of WOMAC-A respectively, safety and product tolerability throughout the
study were reported). The study was approved by the Ethics Committee of
the Hospital del Mar in Barcelona (CEIC-Parc de Salut Mar).
Results: 189 patients were recruited. Data from 166 patients at 3
months and 150 patients at 6 months were available for efﬁcacy analyses. A statistically signiﬁcant reduction (p <0.0001) of the WOMAC-A
score was observed at 3-month visit vs. baseline visit: 4.25þ3.36 vs.
9.03þ3.49, with a relative reduction of 42.5% (Figure 1). At 6 months,
the pain level continued to decrease signiﬁcantly throughout the study
as shown in ﬁgure 1. Pain on movement score was also signiﬁcantly
reduced at 6-month vs baseline: 0.80þ0.87 vs. 1.69þ0.98 (52.66% of
improvement; p <0.0001). The degree of joint stiffness and the
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functional capacity signiﬁcantly improved at 6 months vs. baseline:
1.69þ1.67 vs. 3.69þ1.74 in WOMAC B (54.20% of improvement; p
<0.0001) and 15.05þ12.51 vs. 31.01þ12.67 in WOMAC C (51.60% of
improvement; p <0.0001), respectively. A signiﬁcant percentage of
patients improved WOMAC indexes vs. baseline (Figure 2); 1.6% of
patients reported local adverse events (joint swelling) of mild Intensity.
Conclusions: After 3 and 6 months of a single intra-articular injection
of Pronolis® HD mono 2.5%, patients with symptomatic knee OA
reported signiﬁcant pain improvement. The results were similar for
pain on movement, joint stiffness, and functional capacity. In addition,
good tolerability was observed.

PRESENTATION NUMBER: 526
NOVEL SMALL MOLECULE MODULATOR OF THE GP130 RECEPTOR
SHOWS DOSE DEPENDENT THERAPEUTIC EFFICACY IN A CANINE
MODEL OF OSTEOARTHRITIS
C. Flynn 1, E. Lamoure 1, N. Liu 2, J. Lu 2, B. Van Handel 2, M. Hurtig 1,
D. Evseenko 2. 1 Univ. of Guelph, Guelph, ON, Canada; 2 Univ. of Southern
California, Los Angeles, CA, USA
Purpose: The pathogenesis of OA often begins from an injury to articular
cartilage, which establishes chronic, low-grade inﬂammation principally
mediated by IL-6 family cytokines that signal through the obligate
receptor gp130; this promotes matrix degradation leading to the
destruction of cartilage. Currently, there are no agents that efﬁciently
slow or inhibit this process. We have shown that small molecules that
modulate, rather than completely inhibit, gp130 signaling preserve cartilage structure and function in rodents (1). Here, we unveil an advanced
late pre-clinical candidate CX-011 that has signiﬁcant, dose-dependent
effects on joint structure, function and pain via modulation of gp130.
Methods: Twenty-four purpose bred Foxhound dogs (12 females, 12
males), 10 months of age, (Marshall BioResources) were chosen for this
study based on their level of socialization to people and ability to walk
on a leash. The dogs were housed individually for a 10-day quarantine
period and then housed in pairs when compatible. The dogs were
allocated to four treatment groups based on equivalent body weight to
control for the effect of dog size. Littermate information was obtained to
ensure littermates were placed in separate groups to control for genetic
similarities. All dogs underwent CT imaging of both knee joints then
general anesthesia and arthroscopic surgery to induce osteoarthritis
(OA) by medial meniscal release (MMR). This was done by transecting
the caudal medial meniscotibial ligament on study day 0. Dogs were
allocated into four experimental groups (n¼6). Three groups received
CX-011 by intra-articular injection into the operated limb and the fourth

control group (n¼6) received an equal volume of vehicle. Injections
were done four weeks post-operatively and again at 6 weeks after initial
injection. The three experimental groups given the test article received
doses of 10 mg, 1 mg or 0.1 mg in a 0.5 mL volume. All surgeries and test
article injections were performed a board-certiﬁed veterinary surgeon
(MH). Knee joint CT imaging was repeated at 4 weeks and again at 16
weeks. Dogs were walked daily outdoors for 20 minutes 6 days/week
which provided an opportunity to assess pain. Pain was mild
throughout the study and was scored using the Colorado Pain Scale (03); zero is normal and ascending grades indicate more abnormality. A
simple set of tasks was also used to assess agility and musculoskeletal
soundness. Dogs were trained to walk up and down a 4-step stairway,
15 cm in height/stair to a platform and then 4 steps down. An additional
third task jumping up to a platform 30 cm in height and down to the
ﬂoor was offered for dogs to complete, but only if they were willing.
Performance was captured via video cameras and scored by an observer
blind to the study design and group allocation. A 10-meter timed run
was also conducted in an indoor hallway using 5 trials at each time
point. All dogs were tested during three timepoints throughout the trial
- pre-operative, interim and end of study. Sixteen weeks after OA
induction the dogs were sacriﬁced by an intravenous injection of barbiturate and both the operated and contralateral knee joints underwent
detailed macroscopic assessments. This included conﬁrmation of
meniscal release, scoring of the cartilage degeneration, osteophyte
development and synovial membrane characteristics as well as Outerbridge osteoarthritis classiﬁcation of the entire joint surface. MicroCT
imaging (45 mm resolution) of the knee joints was conducted and bone
morphometry parameters were calculated from standardized regions of
interest in the medial tibial plateau. The joints were fully dissected to
assess pathologic change and tissues were collected for histology from
the medial femoral condyle, medial tibial plateau and synovial membrane. H&E and safranin-O stained tissue sections were produced for
blinded OARSI histological scoring.
Results: Histological scoring was done using the OARSI method for the
dog (2) that rates cartilage structure, chondrocyte appearance and
organization, proteoglycan staining, collagen ﬁbre organization and
subchondral bone plate integrity. In the highest dose (10 mg) group
(Figure 1), there was highly signiﬁcant chondroprotection (p ¼ 0.012) as
lesions were limited to superﬁcial ﬁbrillation and mild proteoglycan
loss with minimal alterations in the deeper tissues, while control and
0.1 mg treated dogs had larger, deeper more extensive cartilage loss with
widespread proteoglycan depletion and involvement of the subchondral plate indicating severe dysregulation of the synovial environment and metabolism. The medium dose group had some
improvement over controls but did not reach statistical signiﬁcance. In
parallel, there was clear evidence that synovial inﬂammation and
pathologic change in the synovial membrane was signiﬁcantly limited
by the two highest dose rates (p ¼ 0.016) of the test article. These dogs
had less morphologic change in synovial villi but also strikingly reduced
cellular inﬁltration in the subintimal synovial space, while other dogs
had prominent diffuse or nodular collections of reactive lymphocytes
and activated macrophages as well as considerable ﬁbrosis and neovascularization. By co-registering CT images from different time points
and calculating the change in bone volume occurring in this model in
the medial compartment, a comparison of osteoarthritis stage was
made among the treatment groups. This shape change is known as
“medial buttress” formation in dogs and is widely recognized as
squaring and enlargement of the femoral condyle and tibial plateau in
human knees. We calculated the increase in bone volume from the preoperative time point to the end of the study; a dramatic, statistically
signiﬁcant reduction (p < 0.001) in shape alteration in dogs treated with
the two highest dose levels of CX-011 compared to controls was
observed. Finally, qualitative scoring of lameness by was performed by
trained observers on a daily basis while the dogs were leash walking on
variable surfaces including cement ﬂoors and outdoor natural turf.
Signs of lameness included decreased duration of weight bearing so the
animals would hop from the operated leg to more fully weight-bearing
on the contralateral leg, reduced push-off from the operated leg, lowering of the head to transfer weight bearing to the forelimbs, reluctance
to run and reduced stamina. The two highest doses had signiﬁcantly
reduced lameness, indicating lower pain levels with increasing test
article concentration (Figure 1).
Conclusions: Taken together, these data suggest efﬁcacy in controlling
joint disease progression and its symptoms as well as a good safety
proﬁle for CX-011. Though prevention of structural change would be in
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itself sufﬁcient to support a claim for efﬁcacy, this concept is even more
strongly supported by the pattern of response suggesting a dose
response to the test article. We have shown that the high 10 mg and
medium 1 mg dose groups prevent some of the most important pathophysiological changes promoting osteoarthritis progression. Notably,
bone remodeling and shape change is prevented. The current study has
nominated the gp130 modulator CX-011 as an excellent candidate for
clinical progression as a disease modifying agent for OA with concurrent
reduction in pain.

PRESENTATION NUMBER: 527
THE EFFICIENCY OF LOCAL THERAPY OF KNEEOSTEOARTHRITIS
V. Povoroznyuk, A. Musiienko, N. Zaverukha, A. Tkachuk. Inst. of
Gerontology NAMS Ukraine, Kiev, Ukraine
Purpose: to assess the efﬁcacy of Ketoprofen local therapy in patients
with knee osteoarthritis (OA), and its effect on the intensity of pain and
quality of life.
Methods: we have observed 23 subjects aged 50-69 years old with knee
joint OA I-II grade. The diagnosis knee OA was based on X-ray method
and interpreted by Kellgren-Lawrence classiﬁcation. All participants
were divided into two groups: group І - 13 patients with Ketoprofen
application on the knee joint twice a day during 10 days, and II group 10 patients with vaseline (petroleum jelly) application on the knee joint
twice a day during 10 days. The study was based on three visits dynamic
assessment: screening, the tenth days of local therapy and the last - on
the twentieth day after ﬁnishing of therapy. The results of the treatment
were evaluated by the WOMAC scale, Leken index and the15-meter test.
Results: in group I and II there were no signiﬁcant difference between
age, anthropometric data and pain intensity. In the group I, there were
detected a signiﬁcant decrease on the intensity of pain, stiffness and
improved the daily activity according to the WOMAC subscales and a
decreased the duration of the 15-meter test: When comparing the
effectiveness of treatment in the two groups after 10 and 30 days, there
were detected the signiﬁcantly reduction of the intensity of pain,
stiffness and limitation of daily activity in group I. Thus, on the 10th day
of treatment in patients using the ketoprofen application, the intensity
of pain decreased by 41.7% compared with the group II, where the
intensity of pain decreased by only 5.3% and in patients of the group I
the positive dynamics was maintained by 30th day of the study. Compared with the screening data, the intensity of pain in the group I
decreased by 17% In the group I on the 10th day the level of stiffness
decreased by 35.2% (p ¼ 0.1), but on the 30th day it increased by 13.9%.
In the group II there was no signiﬁcant dynamics on the 10th and 30th
day of the study. The dynamics of daily activity among patients using
the ketoprofen was also higher. On the 10th day of treatment, patients
of group I noted an improvement in daily activity by 34% (p <0.001), and
on the 30th day by 11.8% compared with the results before treatment.
The duration of 15-meter test was signiﬁcantly decreased by 12.9%
(p¼0.02). We have detected no signiﬁcant differences in the group II.
Also we have detected no adverse reactions among patients used the
ketoprofen treatment during the whole observation period
Conclusions: local therapy of ketoprofen have signiﬁcantly decreased
the intensity of pain and improved the quality of life of patients with
knee OA that conﬁrm it effect.
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PRESENTATION NUMBER: 528
ASSOCIATION OF METFORMIN WITH TOTAL JOINT REPLACEMENT
DUE TO OSTEOARTHRITIS AMONG PATIENTS WITH TYPE 2
DIABETES - A 14 YEARS POPULATION-BASED REAL WORLD
COHORT STUDY
Z. Zhu, Jr. 1, J.-Y. Huang 2, G. Ruan 1, S. Chen 1, P. Cao 1, Y. Zhang 1,
D.J. Hunter, V 3, J.C. Wei, V 2, C. Ding, V 1. 1 Zhujiang Hosp. of Southern
Med. Univ., Guangzhou, China; 2 Chung Shan Med. Univ. Hosp., Taichung,
Taiwan; 3 Kolling Inst., Univ. of Sydney, Sydney, Australia
Purpose: Diabetes and obesity have been identiﬁed as risk factors for
osteoarthritis, and insulin resistance is thought to be one of the
underlying mechanisms. Metformin is the ﬁrst-line pharmacologic
treatment worldwide for type 2 diabetes who has a solid effect on
insulin resistance and obesity. However, studies examining the effect of
metformin therapy on osteoarthritis-related endpoints is still lacking.
Therefore, this study was to examine the association of metformin
prescription with total knee and/or hip joint replacement due to
osteoarthritis among patients with type 2 diabetes.
Methods: A population-based cohort study used data from Taiwan’s
National Health Insurance Research Database during 2000-2013 for
patients over 45 years old who were newly diagnosed with diabetes
mellitus. Participants were classiﬁed into metformin and non-metformin users based on the use of metformin after diagnosis or not. In order
to control immortal time bias and to reduce the treatment assignment
bias, prescription time-distribution matching (PTDM) and propensity
score matching (PSM) matching age, sex, urbanization, insurance type,
adapted diabetes complication index (aDCSI), medications for pain
management, hyaluronic acid and physical rehabilitation were used.
The associations between metformin use and cumulative incidence
rates of knee and/or hip joint replacement were assessed using cox
proportional hazard regression in full cohort, and after PSM. Dosage of
metformin at baseline and the landmark (12/24 months after ﬁrst
prescription) analyses were performed to evaluate potential doseresponse relationship. Sensitivity analyses were done by using inverse
probability of treatment weighting (IPTW) and competing risk models.
Results: A total of 39532 participants (19766 non-metformin vs 19766
metformin) were included (mean [SD] age, 63 [11] years; 49% were
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women) after PTDM and PSM. The incidence of any events (combined
knee and hip joint replacement) in the metformin group and nonmetformin group was 3.9 and 6.1 per 10 000 person-months, respectively. Comparing with the non-metformin users, patients who used
metformin had a lower risk of total knee and/ or hip joint replacement
(adjusted HR¼0.69, 95%CI¼0.59-0.81 for any events; adjusted HR ¼ 0.71,
95%CI ¼ 0.57-0.82 for total knee replacement; adjusted HR¼0.52, 95%CI
¼ 0.37-0.75 for total hip replacement), after adjustment for age, sex,
urbanization, insurance type, aDCSI, medications for pain management,
hyaluronic acid, physical rehabilitation and other oral antihyperglycemic

(OAG) agents. Sensitivity analyses using IPTW and competing risk
models showed similar results. A dose-response pattern was observed
while comparing the different daily dosage of metformin uses (0-1 g per
day, 1-1.5 g per day, and 1.5 g per day) to never users both at baseline,
12 months and 24 months landmark points (p for trend all < 0.05).
Conclusions: Metformin uses in patients with type 2 diabetes are
associated with reduced risks of joint replacement due to osteoarthritis,
suggesting a potential therapeutic effect of metformin on osteoarthritis.
Further randomized controlled clinical trials are warranted to conﬁrm
the ﬁndings.

