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Invited speakers
PRESENTATION NUMBER: I-1
METABLOIC PATHWAYS CONTRIBUTING TO OA
J.-S. Chun. Gwangju Inst. of Scince and Tecgnology (GIST), Gwangju,
Republic of Korea
Although osteoarthritis (OA) is currently considered to be associated
with metabolic disorders and metabolic syndrome (MetS), direct evidence for this is lacking. Because MetS is associated with abnormal
cholesterol levels and production of oxysterol metabolites, we aim to
characterize the role of abnormal cholesterol metabolism in OA
pathogenesis. We present evidences that the CH25H-CYP7B1-RORa axis
of cholesterol metabolism in chondrocytes is a crucial catabolic regulator of the pathogenesis of OA. OA chondrocytes had increased levels of
cholesterol because of enhanced uptake, upregulation of cholesterol
hydroxylases (CH25H and CYP7B1) and increased production of oxysterol metabolites. Adenoviral overexpression of CH25H or CYP7B1 in
mouse joint tissues caused experimental osteoarthritis, whereas
knockout or knockdown of these hydroxylases abrogated the pathogenesis of osteoarthritis. Moreover, retinoic acid-related orphan
receptor alpha (RORa) was found to mediate the induction of osteoarthritis by alterations in cholesterol metabolism. These results indicate
that OA is a disease associated with metabolic disorders and suggest
that targeting the CH25H-CYP7B1-RORa axis of cholesterol metabolism
may provide a therapeutic avenue for treating osteoarthritis. We will
also present evidences that various metabolic disorders and transcriptional reprogramming regulates OA pathogenesis in mouse models
of OA.
PRESENTATION NUMBER: I-2
WHY DO OBESE PATIENTS WITH OA HAVE MORE PAIN?
L. Carlesso. McMaster Univ., Hamilton, ON, Canada
The prevalence of obesity, osteoarthritis (OA) and chronic pain are rising globally and are major contributors to a progressive decline in
physical function and quality of life. There is an established positive
association between obesity and chronic pain. While substantial evidence supports this association in individuals with OA, the reasons
underlying it remain unclear, with considerable insights gained from
studying the effects of weight loss. Research on the impact of obesity in
OA has mainly focused on its effects on joint loads, joint alignment,
changes on imaging and biomarkers, with fewer studies considering the
mediating role of these aspects on symptomatic change. In addition to
increased joint loads, obesity creates low-grade systemic inﬂammation
and in local adipose tissues (e.g. infrapatellar fat pad (IFP)) via the
proliferation of pro-inﬂammatory cytokines and adipokines. The generation of OA pain through mechanical and inﬂammatory stimuli is well
established via the activation of nociceptors in most joint tissues. Pain is
a hallmark of OA disease progression, ranging from intermittent
mechanical pain with activity to constant pain, thought to be largely
due to low-grade inﬂammation. In addition, it is known that a subset of
individuals with OA will have altered nociceptive signalling, manifesting in peripheral or central sensitization of pain, a process potentially
enhanced in obese individuals. Historically, study of the relationship
between obesity and pain in people with OA has used BMI 30kg/m2 as
an indicator of obesity. A dose-response relationship has been observed
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between BMI and pain severity. Studies report that weight loss of as
little as 5%, achieved either naturally or surgically, results in joint pain
reduction. However, BMI is limited as a marker of obesity as it does not
account for type of adipose tissue (i.e. subcutaneous or visceral), its
distribution (abdomen vs extremities), or type of mass (muscle vs fat).
These limitations are important since adipose tissue is metabolically
active, a storer of macrophages, producing and releasing pro-inﬂammatory cytokines and adipokines (e.g. TNF-a, IL-6, leptin, adiponectin).
Cytokines and adipokines are known contributors to extracellular
matrix degradation, a process that ultimately leads to joint space narrowing. Adipokines are prominent in serum and can be considered a
central driver of inﬂammation, while some are found in synovial ﬂuid or
the IFP, presenting a mechanism for a local effect. Thus it is unclear if
pain improvement after weight loss is due to lower joint loads, lower
levels of inﬂammation or a combination of both. Complicating the issue
further is the prescription of opioids, which is higher for those who are
obese compared to non-obese individuals and can lead to opioidinduced hyperalgesia. Despite OA clinical guidelines opposing their use,
rates of opioid consumption continue to be a problem. Studies from
preclinical models investigating obesity, pain, and OA are limited, but
have contributed to evidence supporting the role of systemic and local
inﬂammation being associated with pain sensitization to thermal and
mechanical stimuli. Most recently, the critical role of signaling from fat
cells in the development of pain sensitization was highlighted in a study
of mice models with lipodystrophy. Initially protected from pain sensitization, lipodystrophic mice with transplanted adipose tissue developed hyperalgesia and allodynia. Knowledge from clinical studies has
progressed with use of more detailed measurements of obesity, such as
the type of adiposity. Recent advances include evidence on the contribution of visceral or subcutaneous adiposity, measured by dual x-ray
absorptiometry, to pain in people with knee OA, indicating that visceral
but not subcutaneous fat is associated with worsening knee pain. These
results which accounted for BMI, support the systemic effects of obesity
on pain in OA and implicate visceral fat as a driver of pain. In addition,
there has been further study of the presence of bone marrow lesions
(BMLs) and synovitis/effusion, which have been associated with pain or
sensitization, and these changes can be more severe in obese individuals. Conﬂicting evidence exists regarding changes in BMLs and
improvement in pain after weight loss. Evidence for the mediating role
of synovitis/effusion in pain improvement after weight loss is limited,
indicating a non-signiﬁcant indirect effect. However, combined evidence regarding changes in cytokines, IFP volume and pain severity in
obese individuals suggest that further research into synovitis/effusion is
warranted. Gaps and opportunities for expanding our understanding of
the mechanisms underlying the relationship between obesity and pain
in individuals with OA will be discussed.
PRESENTATION NUMBER: I-3
IS IL-1 STILL THE “OA CYTOKINE”
P.G. Conaghan 1, 2. 1 Univ. of Leeds, Leeds, United Kingdom; 2 NIHR Leeds
BioMed, Res. Ctr., Leeds, United Kingdom
Interleukin-1 has long been considered critical in the pathogenesis of
osteoarthritis (OA) because of its roles in degrading cartilage, driving
inﬂammation, and even in upregulating nerve growth factor. Given the
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growth of targeted biologic therapies in the last 20 years, interleukin-1
inhibition seemed a likely critical target. However, OA animal models
have provided discrepant results on anti-IL-1 therapies, perhaps in part
reﬂecting not only different animal models but prophylactic versus
therapeutic experiments. Human clinical studies of IL-1 inhibition in OA
have also generally been disappointing, though such studies may also
have had limitations, including issues with study entry characteristics
and relatively short-term use of treatments.Recently however, there has
been a report of a post hoc analysis of a large trial of the IL-1b inhibitor
canakinumab, from the Canakinumab Anti-Inﬂammatory Thrombosis
Outcomes Study (CANTOS) trial. In this trial, over 10,000 patients were
recruited with previous myocardial infarction and elevated highlysensitive CRP (not typical OA trial inclusion criteria). They were randomised to one of 3 doses of canakinumab or placebo subcutaneously
every 3 months and treated for a mean of 3.7 years. The analysis
demonstrated a marked reduction in total joint replacements in all
active canakinumab arms. There was a similar pattern in people with
reported baseline OA, and a reduction in OA joint problems reported as
adverse events. This new data suggests reconsideration of the role of
interleukin-1 inhibition in OA is required.
PRESENTATION NUMBER: I-4
CHRONIC PAIN IN PRE AND POST TOTAL KNEE ARTHROPLASTY
L. Arendt-Nielsen. Aalborg Univ., Aalborg, Denmark
Based on a new set of experimental, quantitative, pain proﬁling bedside tools approximately 40% of the OA patients can be characterized as
pain hypersensitive and hence provides the opportunity to stratify and
personalize the management regime. Pain intensity and pain sensitization prior to total knee arthroplasty are some of the important predictive factors for why approximately 16% of the patient develop
chronic post-operative pain. Recently epigenetic modiﬁcations are
found to make patients more vulnerable to develop chronic postoperative pain. Revision surgery based on the indication pain will leave
80 % of the patients with more pain and more pain sensitization. New
management regimes are needed for managing chronic post-operative
pain after total knee arthroplasty.
PRESENTATION NUMBER: I-5
SYNERGIES BETWEEN MICROSTRUCTURE IMAGING MODALITIES
P. Winlove 1, 2, J. Bell 3, E. Green 4, J. Chen 5, J. Mnsﬁeld 4. 1 Sch. of Physics,
University of Exeter, United Kingdom; 2 Sch. of Physics, University of Exeter,
United Kingdom; 3 Sch. of Optometry, University of Cardiff, United
Kingdom; 4 Sch. of Physics, Exeter, United Kingdom; 5 Sch. of
Engineering, Exeter, United Kingdom
Light- and electron-microscopy have provided insights into the relationships between the structure and organisation of the extracellular
matrix, of its normal physiological functions and of the changes
occurring during growth and degeneration. However, current biological
questions such as the micro-scale relationships between matrix architecture and mechanics, biomechanical interactions between cells and
matrix, and the nature of the interactions between hard and soft tissue
expose the limitations of these classical imaging techniques. Recently a
number of novel biophotonic imaging modalities have become available
and this review will consider emerging biophotonic techniques that
have the potential to not only advance fundamental understanding, but
also form a basis for the next generation of fast, safe and low cost clinical
medical imaging devices. In the visible-light regime, multiphoton
techniques such as second harmonic generation (SHG) and two photon
ﬂuorescence (TPF) offer sub-micron spatial resolution and sufﬁcient
depth penetration to allow the examination of unﬁxed mm-sized tissue
specimens. Imaging the SHG emitted by ﬁbrous proteins such as collagen and myosin allows quantitative analysis of their structure and
organisation at the sub-micron resolution. Polarisation resolved SHG
has allowed researchers to probe ECM organisation far below the
optical resolution limit, and begin to explore the matrix response to
mechanical load. TPF provides exquisitely sensitive and speciﬁc visualisation of elastin ﬁbres and of a number of intracellular markers of
metabolism. Complementing this structural information, a wide range
of markers of matrix and cellular biochemistry can be mapped from the
spectrum of inelastically scattered light. Raman and Brillouin microscopy provide micron-scale maps of chemical composition and the
mechanical stiffness tensor respectively, without the need for
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exogenously labels or an external force applied to the tissue. Many of
these optical techniques can be implemented simultaneously on a
single microscope platform and efforts to develop minimally invasive
endoscopic probes which would facilitate their application in vivo, are
well advanced. In the X ray regime, the ability of small and wide angle
scattering to provide structural information on the ﬁbrous proteins
from the molecular up to the microscopic scale is now well established.
Fourth generation synchrotron sources will provide timely advances in
imaging speed and spatial resolution, sufﬁcient to allow studies on
relatively large specimens and to observe the changes arising from
modiﬁcations in the physical environment. Other advances such as 3D
phase contrast X ray microtomography are also closing the technological gap between visible and X ray regimes: SAXS tensor tomography
already allows resolution of molecular organisation in intact tissue in
the form of 3D voxel maps with micron-level spatial resolution. The
convergence of pressing biological problems and optical methodologies
with which to address them augurs well for the future of fundamental
research in our ﬁeld. In addition, new minimally invasive methodologies such as spatially offset Raman scattering and delivery of this and
other modalities using optical ﬁbre technology offer the prospect of
measurements in intact joints.
PRESENTATION NUMBER: I-6
PREVENTION OF OA, UNDER THE LIGHT OF PHENOTYPES
F. Berenbaum. Sorbonne Univ, INSERM, APHP Saint-Antoine Hosp., Paris,
France
Decision-makers, caregivers and the general public do not realize the
extent to which osteoarthritis can be a severe, disabling or even fatal
disease, even though its prevalence is increasing in both industrialized
and developing countries. With the lack of curative treatment other
than prosthetic joint replacement, the cornerstone of the management
of this disease should be prevention. Several ways of phenotyping
osteoarthritis have been proposed in recent years, whether by risk
factor, type of disease progression (progressive/non-progressive), tissue
damage (e.g. synovitis), type of pain (nociceptive, nociplastic, neuropathic), clustering analysis, or endotyping (molecular level). In this
lecture we will see how phenotyping our patients could help in the
implementation of preventive measures for osteoarthritis, distinguishing between: prevention of initiation (primary prevention)
based essentially on a phenotyping by risk factor, prevention of
structural progression (secondary prevention) based essentially on a
progressive/non-progressive phenotyping, but also prevention of
osteoarthritis pain.
PRESENTATION NUMBER: I-7
BLOOD VESSELS AND NEOANGIOGENESIS IN OA
C. Wen. Hong Kong Polytechnic Univ., Hong Kong, Hong Kong
Purpose: osteoarthritis (OA) is no longer conceived as a simple wearand-tear problem of articular cartilage. Actually, it is a whole joint
disorder subject to the interplay between local and systemic risk factors. Hypertension, the commonest systemic vascular comorbidity in
knee OA, has been implicated in the pathogenesis of OA. Yet the
underlying mechanism is unclear. In this talk, we will outline the conﬂicting results on the association between hypertension and OA, and
discuss the plausible pathomechanism at the crossroad of epidemiology
and molecular biology.
Methods: We performed a systemic review and meta-analysis 5 databases to calculate the odds ratio (OR) between hypertension and knee
OA. Then, we examined bone and joint phenotype in both spontaneous
hypertensive rat (SHR) model and transgenic endothelial endothelin-1
overexpression mouse model to explore cellular and molecular mechanisms involved in the control of chondrocyte fate by vasoactive factors.
Results: Total 22 studies with 85,455 participants were included. The
association of hypertension with OA was detected in knee (OR¼1.64,
95%CI¼1.31, 2.06), not in hand (OR¼1.19, 95%CI ¼ 0.92, 1.53). Moreover,
there existed a stronger association of hypertension with radiographic
knee OA (OR¼1.89, 95%CI¼1.40, 2.54) compared to with symptomatic
knee OA (OR¼1.36, 95%CI¼1.10, 1.68). Such association is independent
of body mass index and pronounced in women and Asian population.
Compared to age-matched normotensive Wistar Kyoto rats, SHR exhibit
subchondral bone loss, meniscal ossiﬁcation and cartilage degradation.
The accumulation of p16INK4aþ senescent cells is noteworthy in
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various joint tissues of SHR, including articular cartilage, subchondral
bone, synovium, meniscus and ligament. Blockade of renin-angiotensin
system using captopril could mitigate joint degeneration possibly by
inhibiting p16INK4aþ expression or nuclear translocation in SHR.
Overexpression of endothelial endothelin-1, the most potent vasoconstrictor and downstream signaling protein of renin-angiotensin
system, led to accumulation of senescent chondrocytes and cartilage
loss. Blockade of endothelin receptor B could attenuate chondrocyte
senescence and OA-like phenotype.
Conclusions: Hypertension contributes to joint ageing and OA, possibly
via renin-angiotensin and endothelin systems.
PRESENTATION NUMBER: I-8
DIGITAL HEALTH APPROACHES FOR THE LIFESTYLE MANAGEMENT
OF OSTEOARTHRITIS
K. Bennell. Univ. of Melbourne, Melbourne, Australia
Purpose: As a chronic condition, self-management via education and
lifestyle treatments, such as exercise/physical activity and weight loss,
is integral to minimizing pain and improving physical function in
people with OA. However, OA care is suboptimal world-wide with
under-use of lifestyle treatments a major problem. There are numerous
barriers to uptake of, and adherence to, lifestyle treatments. One major
barrier is difﬁculty accessing clinicians and/or enabling resources
(due to geography, lack of clinicians, cost, inconvenience, or disability
and more recently due to restrictions bought on by the COVID-19
pandemic). However, given the high adoption rate of computers,
mobile devices and internet globally, digital health approaches
provide opportunities for delivering lifestyle treatments remotely to
people with OA and supporting them to self manage. The purpose
of this presentation is to provide an overview of the research relating
to the use of digital health approaches for the lifestyle management
of OA.
Methods: A narrative review was undertaken with a focus on evidence
from systematic reviews and meta-analyses and randomised controlled
trials (RCTs). Qualitative studies were also included to provide a more
detailed understanding of patients’ and clinicians’ experiences and
factors that may inﬂuence implementation. Although there are a variety
of digital health approaches, those of most interest for this presentation
were telehealth, mobile health and apps, web-based platforms, and
wearable devices. Research related to digital health approaches for
rehabilitation post joint replacement for OA was not covered.
Results: A limited number of RCTs have investigated digital health
approaches for lifestyle management in people with OA and most have
been performed in those with knee OA. Of these RCTs, most have
investigated care delivered via telehealth, either telephone or videoconference or internet-based programs. The focus has been on education and exercise/physical activity. There is some evidence that such
interventions can reduce pain, improve function and increase physical
activity compared to usual care or education control although this is not
necessarily consistent across studies. Furthermore, adherence to internet-based programs without any clinician input can be problematic.
Few studies have included cost-effectiveness analyses nor moderator
analyses to explore patient subgroups who may respond best. Adequately-powered non-inferiority trial designs are needed to establish
whether OA care delivered by telehealth or in person result in equivalent patient outcomes. Qualitative studies show that patients and
clinicians describe mostly positive experiences but barriers to implementation exist. While many patient-facing apps available in the marketplace may be useful for OA, relatively few are speciﬁcally designed
for OA. For example, a 2019 review (Choi et al. Health Informatics J.
2019) located only 23 such mobile apps. There is, however, a lack of
research into the development and evaluation of apps for OA
management.
Conclusions: There is some evidence to show that digital health
approaches for lifestyle management of OA are feasible, generally
acceptable to patients and clinicians, and may be effective ways of
improving patient outcomes. However, further high quality research is
needed and with longer term follow up to conﬁrm. This is particularly
important given that the adoption of digital health services around the
world has been dramatically accelerated by the global COVID-19
pandemic. This presents an opportunity to build on this momentum
and drive innovation in research-informed digitally-enabled models of
OA care.

PRESENTATION NUMBER: I-9
BLOOD AND URINARY COLLAGEN MARKERS IN OSTEOARTHRITIS
A.-C. Bay-Jensen. Nordic BioSci., Herlev, Denmark
Purpose: A biomarker is an objective, quantiﬁable characteristics of a
biological process. These is a medical need in OA to develop biomarkers
that can describe the underlining pathogenesis of disease and pair
disease representation with the optimal treatment. Recently, biomarkers of the underlying disease and tissue remodeling have been
shown to correlate to how a patient function and feels (PROs),
emphasizing their importance. Moreover, such objective assessments
may be used to assess potential efﬁcacy, as pharmacodynamic measures. We present studies conducted by us and colleagues in the ﬁeld
have shown that biomarkers assessing collagen and extracellular matrix
(ECM) metabolites in blood are prognostic for outcome as well as
pharmacodynamic tools, but in addition correlate to PROs. Furthermore, there is a beginning association of OA endotypes and treatment response, such as the suggested low repair endotype which may
be predictive of larger anabolic response in OA. In this talk we aim to
summarize selected highlights of the ongoing research with the goal of
linking biomarkers with clinical outcomes.
Methods: This is narrative review of biomarker data from the last
decade pressed or co-authored by members of my group (Department
of immunoscience). Focus will be on markers reﬂecting collagen and
ECM remodeling.
Results: We have studied remodeling of collagens of the synovium,
bone and cartilage and found associations with pain and radiographic
outcomes throughout the last two decades. We found that the levels of
blood type I collagen metabolite C1M were associated with pain and
inﬂammation, whereas levels of C3M (col3) were reported to be associated with the incidence of painful radiographic OA. A marker like
ARGS, an aggrecan metabolite, acted as a pharmacodynamic marker in
response to an anti-ADAMTS-5, whereas a marker of type II collagen
(e.g., CTX-II and C2M) were associated with radiographic severity and
response to anti-resorptive treatment (e.g., calcitonin).
Conclusion: Measurement of collagen metabolites in blood reﬂects
tissue turnover and may be used as biomarkers for monitoring disease
activity, as pharmacodynamic or mode of action markers and potentially as prognostic markers.
PRESENTATION NUMBER: I-10
INTRAARTICULAR INJECTIONS OF MESENCHYMAL STEM CELLS IN
KNEE OSTEOARTHRITIS
I. Sekiya. Tokyo Med. and Dental Univ., Tokyo, Japan
Purpose: Several studies have reported improvement in knee pain
following mesenchymal stem cell (MSC) injections for knee osteoarthritis (OA). We developed a novel 3D magnetic resonance imaging
(MRI) analysis software program that provides “projected cartilage area
ratios” for automatic detection of changes in cartilage amounts. The
primary objective of this prospective interventional study was to
compare alterations in the projected cartilage area ratio (thickness 
1.5mm) at the femoral posteromedial region between 30 weeks before
and 30 weeks after synovial MSC injections. Secondary objectives were
to assess the clinical scores and safety of MSC injections.
Methods: Patients with OA who complained of knee pain underwent
autologous synovial MSC injections into the knee at time 0 and again 15
weeks later. MRI examinations were performed at -30, -15, -1, and 30
weeks. Patients showing <3% decreases in the projected cartilage area
ratio (thickness  1.5mm) at the femoral the posteromedial region from
-30 weeks to -15 weeks were excluded from the study. The Lysholm
Knee Score, Knee Injury and Osteoarthritis Outcome Scale (KOOS), and
Numerical Rating Scale (NRS) scores were evaluated at -30, -15, -5, -2, 0,
5, 10, 15, 20, 25, and 30 weeks.
Results: Five patients were excluded because 3D MRI analysis showed
no cartilage loss at -15 weeks. Ultimately, eight OA patients underwent
MSC injections. The projected cartilage area ratio signiﬁcantly
decreased by 0.07 in the 30 weeks before MSC injections (p¼0.01), but
no further decreases occurred in the 30 weeks after MSC injections. The
projected cartilage area ratio at the femoral posteromedial region
showed a signiﬁcant difference between 30 weeks before and 30 weeks
after MSC injections. The Lysholm Knee Score, KOOS, and NRS values
improved signiﬁcantly after the injections. MSC injection could not be
ruled out as the cause of two adverse events: transient knee pain and
itching in both hands.
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Conclusions: Fully automatic 3D MRI analysis showed that synovial
MSC injections suppressed cartilage loss in patients with progressive
OA.
PRESENTATION NUMBER: I-11
NEW INSIGHTS IN OA THROUGH ADVANCED IMAGING TECHNIQUES WHAT DO WE KNOW AND WHERE MAY WE GO?
F.W. Roemer 1, 2. 1 Friedrich-Alexander Univ. Erlangen-Nürnberg (FAU) &
Univ.sklinikum Erlangen, Erlangen, Germany; 2 Boston Univ. Sch. of Med.
(BUSM), Boston, MA, USA
Application of advanced imaging methods to OA clinical research has
led to a rapid increase in disease understanding and large longitudinal
observational studies have added to our understanding of the natural
course of osteoarthritis. This presentation will focus on advanced
imaging techniques and their application in a clinical, research and
clinical trial context. In the last 10 years, joint imaging, particularly MRI,
has evolved rapidly. The many developments in MRI techniques capable
of assessing cartilage morphology and the methods for evaluating its
biochemical composition will be discussed. The use of high spatial
resolution techniques to assess articular morphology combined with
available compositional techniques will improve the sensitivity of MRI
in the detection of early joint degeneration and should strengthen the
future role of imaging also in the clinical context. This will be of particular importance once structure- or disease-modifying drugs become
available, which will require monitoring the treatment response in
large sets of patients with OA. With the availability of such diseasemodifying interventions, imaging will likely play an important role in
clinical decision-making and practice. Advances in MRI quantitative
morphologic cartilage assessment and semi-quantitative whole-organ
assessment as well as bone shape quantiﬁcation will be reviewed, as
will other modalities such as ultrasound, computed tomography (CT)
including CT arthrography, cone beam and weight bearing CT. Nuclear
medicine techniques including hybrid imaging such as PET-MRI play a
complementary but increasingly important role that will brieﬂy be
presented. The role of advanced imaging in clinical DMOAD trials and
NGF inhibitor development will conclude the presentation.
PRESENTATION NUMBER: I-12
DANCE WITH BIOMECHANICS
D.J. Rutherford. Dalhousie Univ., Halifax, NS, Canada
For decades, biomechanics have been a cornerstone to our contemporary understanding of osteoarthritis (OA). Traditionally,
dynamic function has focused on the study of gait. The repetitive,
cyclic loading during this key activity of daily living has far-reaching
implications for understanding the reciprocal relationship between
impairments to joint structure/function and limitations in walking.
Indeed we have witnessed in the last decade, a , where unique and
novel applications, different styles, an steps of investigation have been
developed and studied to expand our understanding on OA pathomechanics and their consequences for joint function. Many people
with OA are challenged to remain mobile, afraid of movement and
lack conﬁdence that their joints will support them on their next step.
Gait perturbation research has the potential to break this cycle,
allowing us to understand the mechanisms by which people with OA
maintain joint function in the face of unpredictable walking
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challenges. A series of studies will be presented, where hypotheses
were tested to understand the inter-relationships that exist between
knee function during gait, self-reported instability, and responses to
direct and indirect walking perturbations on an instrumented treadmill, in healthy older adults and people with knee OA
Methods: Participants were recruited to the Joint Action Research
laboratory, Dalhousie University, provided informed consent, and prepared for gait analyses based on standardized procedures. Retroreﬂective markers were placed on rigid segments and standard landmarks. Electromyograms (EMG) were acquired from lateral and medial
gastrocnemius and hamstrings, vastus lateralis, medialis, and rectus
femoris. Participants walked barefoot on a dual-belt instrumented
perturbation treadmill at a self-selected speed while marker motions,
electromyograms and ground reaction forces were recorded. Baseline
recordings were made after 6 min. of familiarization. For gait perturbations, participants experienced 3 repeated series of 8 unexpected
medial-lateral, 1cm and 3cm walkway surface translations during mid
stance at a rate of 0.1m/s on the symptomatic and contralateral limb.
Knee motions and net external moments were calculated. EMG signals
were normalized to maximal voluntary isometric contraction and
analyzed using Principal Component Analysis. Analysis of Variance
Models tested for main effects and interactions (alpha¼0.05) and covariate considerations for walking velocity were completed where
appropriate.
Results: Individuals with moderate knee OA walk differently from older
adults and younger adults on an instrumented treadmill with less
sagittal plane range, less dynamic knee ﬂexion/extension moment and
greater adduction moment. Quadriceps and hamstrings activations
were greater during mid-stance in those with OA compared to older
adults, where the differences between medial and lateral hamstring
were the most prominent within-muscle difference. When healthy
older adults were compared to individuals with moderate knee OA,
subclassiﬁed as Stable and Unstable, signiﬁcant muscle activation
magnitudes and patterns were found, identifying unique activation
patterns to the unstable group compared to stable and asymptomatic
groups. When asymptomatic older adults and individuals with moderate knee OA experienced unexpected direct and indirect, medial 3cm
frontal plane walk surface translations of the symptomatic and
asymptomatic limbs respectively, both groups responded with elevated
and prolonged muscle activation patterns and no signiﬁcant change in
sagittal and frontal plane motion and moments.
Conclusion: Our work in an instrumented treadmill environment,
supports the ﬁndings of others in that knee biomechanics and muscle
activation patterning are altered in a characteristic manner in people
with knee OA of moderate severity. Individuals with OA who self-report
instability walk with activation patterns that provide increased knee
joint active stiffness. When subjected to unexpected gait perturbations,
older adults and individuals with moderate knee OA respond in a very
similar manner, biomechanically and in muscle activation patterning,
increasing active stiffness. This response is in the direction of differences determined to exist between these groups in typical walking,
suggesting a learned mechanism to maintain joint stability may exist in
individuals with knee OA during gait. These studies and others support
the future of gait perturbation research and the as we stumble, move in
unexpected ways to build on the strength of OA biomechanics to
improve our capacity for movement and positively impact mobility for
those suffering with OA.

