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Background: Reverse shoulder arthroplasty (RSA) improves outcomes in cuff-deficient shoulders, but internal rotation
recovery and anterior impingement remain inconsistent. While inferior placement and eccentric glenospheres may enhance
motion, the role of posterior eccentricity in impingement and multiplanar function is unclear.

Purpose: This study evaluated the effect of glenoid lateralization and posterior eccentricity in RSA on impingement-free
ROM, hypothesizing that posterior eccentricity would enhance Hand-Behind-Back motion and reduce anterior
impingement.

Methods: CT scans obtained in 13 patients (3 men and 10 women) with AT primary osteoarthritis were analyzed using a
three-dimensional (3D) computer model simulating implantation of a standardized RSA. A 135° inlay humeral component
and the combination of four different glenoid-sided variables were analyzed: glenoid lateralization (0, 3, and 6 mm), 36 mm
glenosphere eccentricity (concentric, posteroinferior (45°), and posterior (90°)). ROM, impingement, and the implant
distance to the coracoid and conjoint tendon were recorded in each scenario.

Results: Positioning the glenosphere 5 mm inferior to the glenoid rim resulted in significantly increased ROM: +51% in
hand-to-contralateral motion, +26° in external rotation, and +52° in extension (p<0.001), compared to a flush glenosphere.
Inferior glenospheres were further from the coracoid process by 2.6 mm but slightly closer to the conjoint tendon by 0.7
mm. Posteroinferior and posterior eccentricities enhanced extension (+18°) and external rotation (+5°), but decreased
internal rotation (-5° to -11°) and hand-to-contralateral motion (-8% to -28%) (p<0.05). Posteroinferior and posterior
eccentricities also increased the distance from the coracoid process by 1.3—1.6 mm and from the conjoint tendon by 1.1-
1.3 mm (p<0.05).

Conclusion: In a virtual RSA model with a 135° inlay humeral component, posteroinferior eccentricity with lateral offset
optimized ROM, including HBB, and may reduce anterior impingement by increasing coracoid and conjoint tendon
clearance.

What this study adds: This study shows that in a virtual RSA model, posteroinferior/posterior glenosphere eccentricities
with inferior positioning and lateral offset improved motion and clearance, potentially reducing anterior impingement and
supporting implant optimization.

Potential impacts on research, practice or policy: This study demonstrates that posterior or posteroinferior eccentricity
with inferior positioning and lateral offset can enhance ROM and reduce anterior impingement, guiding implant strategies
to optimize outcomes.

Study design: Basic Science Study; Computer Modeling
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Introduction

Reverse  shoulder arthroplasty (RSA) has  shown
progressively better functional outcomes over time, thanks to
improved surgical skills and technology improvements [1][2].
However,  complications  remain;  amongst  them,
unpredictable recovery of internal rotation [3] and anterior
impingement [4]. Numerous strategies have been described
to improve internal rotation including modifications of the
prosthetic design [5], glenoid lateralization [6][7], and
subscapularis repair [3] or preservation [8][9]. Computer [10]
[11] and clinical [12] studies have explored inferior
glenosphere eccentricity or posteroinferior glenosphere
positioning on postoperative range of motion (ROM). At the
same time, anterior impingement, an under reported
phenomenon leading to anterior pain and snapping, is

described against coracoid and conjoint tendon [13].

The concept of glenosphere eccentricity in RSA has been
developed to lower the center of rotation, aiming to prevent
inferior scapular notching and increase ROM [8][9]. However,
attempts have been made to modify eccentricity’s position,
placing it not only inferiorly but also in other directions, in
order to determine which arrangement would provide the
best possible ROM. Computer-based studies have been
conducted to assess variations in ROM related to different
glenosphere eccentricities. To the best of our knowledge,
there is currently no comprehensive research evaluating the
effects of different glenosphere eccentricities on internal
rotation and anterior impingement.

The purpose of this study was to evaluate the influence of
distalization, lateralization offset and posterior eccentricity of
the glenosphere in RSA on impingement-free ROM in a virtual
model. We hypothesized that posterior eccentricity would
improve Hand-Behind-Back (HBB) motion and decrease the
risk of anterior impingement.

Materials and methods
Study Design and Patient Population

Consecutive patients who had a computed tomography (CT)
prior to RSA performed by one fellowship-trained shoulder
surgeon (A.L.) were considered potentially eligible for
inclusion in this retrospective analysis of data prospectively
collected during the Shoulder OUTcome (SHOUT) multicenter
study (ethical committee approval CCER 14-277, registration
number on clinicaltrial.gov NCT02047955). Patients were
included if they presented with primary osteoarthritis, cuff
tear arthropathy and if they underwent RSA. Exclusion criteria
were >10° glenoid superior inclination, >10° glenoid
retroversion, excessive glenoid or humeral osteophytes,
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previous scapula or humeral fractures, previous surgery to
the index shoulder and age < 18 years old.

Shoulder Computed Tomography Data and Computational
Model

This study used three-dimensional (3D) reconstructed
computational models derived from CT scans. CT scans
were uploaded into 3D surgical planning software to measure
impingement-free ROM in various implant configurations. To
standardize the positioning of the humerus and scapula
across all patients, Walch AT glenoids without deformity were
selected and glenoid version and inclination were individually
adjusted in each case to achieve a neutral position or the
closest approximation. This 3D planning software has
demonstrated its reliability in assessing the morphology of
the glenoid and aiding in the precise positioning of
components during shoulder arthroplasty [14].

Virtual ROM Variables

Prior to ROM simulation, virtual implantation of an RSA was
executed. For the humeral component a short 135° inlay
stem was selected to fit the humeral canal and neutral
polyethylene cup was used. For the glenoid component, a 36-
mm glenosphere was used and placed on the 25 mm
baseplate at a neutral tilt and version, and a minimal seating
of 75%.

Eighteen different glenosphere configurations were tested,
combining two different glenosphere positions (flush with the
inferior glenoid rim; inferior margin of the glenosphere 5 mm
below the inferior glenoid rim), three different glenosphere
eccentricity options  (concentric; posteroinferior = (45°),
posterior (90°)), and three different lateral offset values (no
offset; 3 mm offset; 6 mm offset). Based on manufacturer
specifications, glenosphere eccentricity was set to 2 mm for
a 36 mm diameter glenosphere. To ensure 5 mm of
overhanging below the inferior glenoid rim, the distance was
measured on the CT scan, bony sequences, coronal view, on
the slice passing through the central axis of the central peg.

Kinematic Simulation

Measurements were conducted in the sagittal (flexion and
extension) and axial (internal [IR] and external rotations [ER]
with elbow at side in a neutral anatomic position) planes.
Additionally, multiplanar movements such as combing hair,
hand-to-contralateral, and HBB were assessed. These
motions were implemented by combining elementary planes
of movement (flexion/extension, abduction/adduction, and
rotation) according to kinematic data of daily living tasks
previously published in the literature [14][15][16]. ROM values
were quantified both in degrees and as a percentage of a
maximum achievable ROM according to the simulation
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software's parameters. Values for hand-to-contralateral,
combing hair, and HBB were simulated and recorded only as
a percentage of the full ROM. Each of these parameters was
presented in terms of degrees and/or percentages but at the
same time visually represented by a dynamic 3D model
highlighting impingement spots between the humeral and
glenoid components (Figure 1A and 1B).

The predetermined maximum values were as follows: 100°
for internal rotation, 60° for external rotation, and 120° for
both flexion and extension. Any ROM simulations exceeding
these predetermined thresholds were capped at 100%. ROM
values below 50% were deemed inadequate.

Glenosphere to Coracoid Process and Conjoint Tendon
Distance Evaluation

For each of the 18 glenosphere configurations, the distance
from the glenosphere surface to the coracoid process and
the conjoint tendon was also recorded.

The distance between the glenosphere surface and the
coracoid process was measured through the bony sequence
sagittal projection of the CT scan uploaded into the software.
To standardize the measurement, the distance was always
measured in the first CT image where the glenosphere
appeared as a complete circle, scrolling the images from
medial to lateral. The distance was calculated between the
lower edge of the coracoid and the peripheral margin of the
glenosphere (Figure 2A).

The distance from the glenosphere surface to the conjoint
tendon was assessed using soft tissue sequences in the
axial projection of the uploaded CT scan within the software.
To ensure a standardized measurement method, the distance

was consistently measured in the CT slice passing through
the central portion of the baseplate's peg. This measurement
was taken from the posterior edge of the conjoint tendon
(tracing it from the coracoid) to the anterior surface of the
glenosphere (Figure 2B). In order to enhance measurement
accuracy, the conjoint tendon was proximally identified at the
coracoid process and then distally followed till the
measurement level.

Equity, Diversity and Inclusion Statement

The studied population included women (77%) and men
originating from various countries in Southern Africa, North
America, Oceania and Europe in a usual proportion for such
pathology. We do not present data on race, socioeconomic
status or other social determinants.

Statistical Analysis

Descriptive statistics were used to summarize the data.
Variables were reported as mean + standard deviation (SD),
95% confidence intervals (Cl) and range (minimum -
maximum). Comparison of two groups were made with the
Wilcoxon signed-rank test, and comparison of more than two
groups were made with the Friedman test. In instances
where the Friedman test yielded significant results, post-hoc
tests were carried out using the Wilcoxon signed-rank test,
with the Holm correction applied to mitigate the potential for
Type | errors arising from multiple comparisons. The
statistical analyses were performed using R (version 3.6.2; R
Foundation for Statistical Computing). Statistical significance
was established at a threshold of p < 0.05.

Figure 1: Screenshots showing shoulder joint dynamic 3D model highlighting abutment impingement spots during ROM. (A)
adduction, (B) external rotation.
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Figure 2: (A) This screenshot shows the CT scan slice where the peripheral margin of the glenosphere just appeared as a full
circle, scrolling in sagittal plain from medial to lateral, on bone sequences from the CT scan uploaded to a software (Imascap,
Brest, France). The distance between the coracoid’s inferior pole and the peripheral margin of the glenosphere is then
measured. (B) This screenshot shows the CT scan slice, axial plain, soft-tissue sequences, passing through the middle of the
central baseplate’s peg, where it has the biggest shape, from the CT scan uploaded to a software (Imascap, Brest, France). The
red dashed line represents the conjoint tendon in cross-section. The distance between the conjoint tendon and the peripheral
margin of the glenosphere is then measured.

Results

A total of 117 CT scans were screened with the 3D software.
Ninety-eight were excluded from the study due to either
excessive glenoid/proximal humerus osteophytes or
excessive glenoid retroversion and/or superior inclination.
Finally, 13 patients (3 men and 10 women) with an average
age of 753 years were included in the study, representing
234 different computational simulations. Average glenoid
retroversion and superior inclination were 7,3 and 7,6
respectively.

Sagittal plane ROM
Flexion

Compared to flush glenospheres, positioning the glenosphere
inferiorly improved flexion by 8% (95%CIl 7% — 10%) or 10°
(95%Cl 7° = 13°) (p <0.001). Among inferior glenospheres,
lateralizing the glenosphere increased flexion by 9% (95%Cl
6% — 12%) or 11° (95%Cl 6° — 15°) (p = 0.008) with an offset
of 6 mm and by 7% (95%Cl 5% — 10%) or 9° (95%Cl 4° — 15°)
(p = 0.008) with an offset of 3 mm. There was, however, no
statistically significant effect of eccentricity on flexion (p =
0.383) (Supplementary Figure 1).

Extension
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Compared to flush glenospheres, inferior glenospheres
exhibited on average 42% (95%Cl 32% — 52%) or 52° (95%Cl
40° - 63°) (p<0.001) greater extension. Among inferior
glenospheres,  both  posteroinferior and  posterior
eccentricities yielded better extension compared to the
concentric glenospheres by 15% (95%Cl 7% — 23%, p<0.001)
or 18° (95%Cl 5° = 31°) (p<0.001). When considering inferior
and eccentric designs, lateralizing the glenosphere increased
flexion by 45% (95%Cl 33% — 57%,) or 54° (95%Cl 40° — 68°)
(p =0.0017) with an offset of 6 mm and by 18% (11% — 25%)
or 26° (95%Cl 14° = 39°) (p<0.001) with an offset of 3 mm
(Supplementary Figure 1).

Transverse Plane ROM
Internal Rotation with elbow at side (IR)

Compared to flush glenospheres, positioning the glenosphere
inferiorly improved IR by 38% (95%Cl 33% — 43%) or 38°
(95%Cl 33° - 43°) on average (p<0.001). Among inferior
glenospheres, concentric designs exhibited a statistically
higher IR than posterior by 11% (95%Cl 9% — 13%) or 11°
(95%Cl 9° = 13°) (p<0.001) and posteroinferior by 5% (95%Cl
4% — 6%) or 5° (95%Cl 4° — 6°) (p<0.001) eccentricities. When
considering inferior and concentric glenospheres, there was
no effect of glenosphere lateralization (p = 0.215)
(Supplementary Figure 2).

External Rotation (ER)

Compared to flush glenospheres, inferior glenospheres
showed higher ER by 44% on average (95%Cl 39% — 49%) or
26° (95%Cl 24° - 29°) (p<0.001). The posteroinferior and
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posterior eccentricities designs respectively demonstrated
better ER compared to concentric glenospheres by 10%
(95%Cl 9% — 12%) or 5° (95%Cl 4° - 6°) (p < 0.001) and 9%
(95%Cl 6% — 11%) or 5° (95%Cl 4° — 6°) (p < 0.001). When
considering inferior and eccentric designs, lateralizing the
glenosphere increased ER by 23% (95%Cl 17% — 30%) or 14°
(95%CI 10° = 18°) (p<0.001) with an offset of 6 mm and by
15% (11% — 20%) or 9° (95%Cl 7° — 12°) (p<0.001) with an
offset of 3 mm (Supplementary Figure 2).

Multi-plane Movements ROM
HBB

Compared to flush glenospheres, inferior glenospheres
yielded higher HBB by 15% on average (95%Cl 12% — 18%, p <
0.007). Among inferior designs, there was no effect of
eccentricity (p = 0.135) or lateral offset (p = 0.095) on HBB
(Supplementary Figure 3).

Hand-to-contralateral

Compared to flush glenospheres, inferior glenospheres
yielded greater hand-to-contralateral motion by 51% (95%Cl
45% — 58%, p < 0.001) on average. Among inferior designs,
concentric  glenospheres  exhibited greater hand-to-
contralateral motion compared to posterior by 28% (95%Cl
17% = 39%, p < 0.001) and posteroinferior by 8% (95%Cl 2% —
14%, p = 0.004) eccentricities. No statistically significant
differences, however, were found between different levels of
lateral offset for glenospheres that were both inferior and
concentric (p = 0.165) (Supplementary Figure 3).

Combing Hair

Compared to flush glenospheres, inferior glenospheres had
greater combing hair motion by 6% (95%Cl 5% — 7%, p <
0.007) on average. Among inferior glenospheres, combing
hair did not statistically differ between the different eccentric
(p = 0368) or lateral offset (p = 0.368) designs
(Supplementary Figure 3).

Distance from Glenosphere to Anatomical Structures

Coracoid Process
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Compared to flush glenospheres, positioning the glenosphere
inferiorly increased the distance to the coracoid process by
2.6 mm on average (95%Cl 2.3mm — 2.9mm, p < 0.001).
Among inferior glenospheres, eccentric designs had a greater
distance to the coracoid process compared to concentric
designs by 1.6 mm (95%Cl 1.Tmm - 2.0mm, p < 0.007) if
posterior and by 1.3 mm (95%Cl 1.7mm = 1.5mm, p < 0.001)
if posteroinferior. Among inferior and eccentric glenospheres,
a lateral offset tended to slightly improve the distance to the
coracoid process but did not reach statistical significance (p
= 0.056) (Supplementary Figure 4).

Conjoint Tendon

Compared to inferior glenospheres, flush designs had a
greater distance to the conjoint tendon by 0.7 mm on average
(95%CIl 0.4mm - 1.7mm, p < 0.001). In flush glenospheres,
posterior and posteroinferior eccentricities increased the
distance to the conjoint tendon by 1.1 mm and 1.0 mm,
respectively, compared to concentric designs (p < 0.001 and
p = 0.002). Among inferior glenospheres, eccentric designs
were at a greater distance from the conjoint tendon by 1.3
mm (95%ClI  0.8mm - 1.8mm, p < 0.001) for posterior
glenospheres and by 1.1 mm (95%CIl 0.8mm = 1.5mm, p <
0.007) for posteroinferior glenospheres compared to
concentric designs. There was, however, no effect of lateral
offset on the distance to the conjoint tendon neither among
flush eccentric designs (p = 0.735) nor among inferior
eccentric designs (p = 0.213) (Supplementary Figure 4).

Best combinations

Out of the 18 configurations, 9 (50%) provided an average
ROM in all directions of at least 50% and all of them (100%)
comprised an inferior glenosphere (Figure 3 and 4). Among
the top 5 configurations regarding ROM, two were considered
not optimal (concentric designs) given they were associated
with shorter distances to the conjoint tendon and coracoid
process. Three configurations showed optimal performance:
1) inferior glenosphere with posteroinferior eccentricity and 6
mm of lateral offset, 2) inferior glenosphere with
posteroinferior eccentricity and 3 mm lateral offset, and 3)
inferior glenosphere with posterior eccentricity and 6 mm of
lateral offset (Table 1, Figure 4).
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Figure 3: Mean level (%) of healthy ROM restoration for the 18 different glenosphere designs.
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Figure 4: Mean overall restoration of healthy ROM for the 18 different glenosphere configurations (bars). The lines indicate, for
each configuration, the distance between the glenosphere and the conjoint tendon (blue) and coracoid process (red) as well as

and HBB (black). The asterisks indicate the three configurations considered the best for their good ROM restoration and
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distances to the conjoint tendon and coracoid process.
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Table 1: Summary of outcomes for the three optimal glenosphere configurations

Inferior border (5mm)

Posteroinferior eccentricity Posterior eccentricity
Outcomes 6mm lateral offset 3mm lateral offset 6mm lateral offset
Glenosphere
distance, mm
With conjoint 749 749 743
tendon
With coracoid 16 +4 16 +3 16 +4
process
Range of motion
restoration*, %
Combing hair 26 £2 26 5 26 £3
Hand behind back
(HBB) 48 +4 48 +4 48 +4
Hand-to- 67 +38 77 +37 46 +39
contralateral
External rotation 98 +5 92 +11 98 +5
Internal rotation 83 +11 86 111 77 £13
Extension 100 40 76 132 100 +0
Flexion 92 +9 91 49 91 +10
Overall range of
motion 74 +28 71425 69 +30
restoration*, %

Values are mean + standard deviation (SD).* Restoration compared to the healthy shoulder.

Discussion

The main findings of the present study were that
glenospheres  implanted 5 mm inferiorly with a
posteroinferior eccentricity and lateral offset provide
improved ROM, including HBB, in a virtual model. In addition,
these glenosphere configurations generate an increased
glenosphere-to-coracoid process and glenosphere-to-conjoint
tendon distances, limiting potentially anterior impingements.
We observed only minor improvement in HBB, probably
related to a worsening of IR when the eccentricity becomes
more posterior. Hand-behind-back includes extension,
abduction, and internal rotation. Posteroinferior or posterior
eccentricities improved only the former two but worsened the
latter, explaining probably why our hypothesis is only partially
confirmed.

Bony Impingements

The present study analyzed multiplanar motions such as
HBB motion to attempt to simulate real activities of daily
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living. Improvement (15%) was reached through glenosphere
5 mm inferior overhang (p<0,001) without noticeable
influence of baseplate lateral offset (p=0.095). Arenas-
Miquelez et al. [10] studied the impact of humeral and glenoid
component variations not only on a single direction but on
the whole ROM in RSA through a computer model study.
They also analyzed 13 shoulder CT scans, virtually implanting
different combinations of humeral and glenoid components.
Regarding glenosphere eccentricity, they did not find
statistically significant differences through total global ROM,
whether the eccentricity was concentric, 2 mm inferior, or 2
mm posteroinferior. Like in the present study, they reported
with an inferior eccentricity configuration a significant better
adduction and internal rotation compared to concentric and
posteroinferior eccentricity. Similarly, Huish et al. [17] was
found that IR was improved by isolated glenosphere inferior
overhang (5 mm) (p<0,001). Xu et al. [11] demonstrated in a
computational study that posteroinferior eccentricity
significantly increases ROM in external rotation compared to
concentric glenosphere and anteroinferior eccentricity
(p<0.05). It seems thus that, in computer models, inferior
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eccentricity improves internal rotation and posterior
eccentricities improve extension and external rotation, thanks
to a posterior shift of the center of rotation [18]. Clinically,
however, Pak et al. [12] suggested that a posteroinferior
glenosphere position may improve ROM including internal
rotation at two years follow-up when using a 135 inlay
humeral component and a lateralized glenoid.

Soft Tissue Impingements

Postoperative anterior impingement is an under reported
complication that is a cause of IR limitation and anterior pain.
(4) It may also impact subscapularis healing, another key
factor for hand-behind-back motion [19]. In the current study
glenosphere-to-coracoid and glenosphere-to-conjoint tendon
distances were measured to assess for potential anterior
impingement. Posteroinferior and posterior eccentricities
increased the distances to these structures, potentially
reducing impingement and thus increasing range of certain
movements. Specifically, eccentricity improved extension and
external rotation. As shown by Pak et al. in a clinical study
[12], posteroinferior glenosphere position may improve IR as
well when using a similar 135° inlay humeral component. The
latter results have been confirmed by the one published by
Klosterman et al. [20]. Their retrospective review of a
multicenter clinical registry of RSAs with a minimum follow-
up of two years aimed to understand the cause of
postoperative anterior pain associated with IR deficit. They
highlighted a direct proportionality between the subcoracoid
distance, defined as the distance between the posterior
aspect of the coracoid and the anterior glenosphere on the
axillary radiograph, and IR both with the arm at 0° and 90°
abduction; for every additional millimeter of subcoracoid
distance, an improvement in HBB were gained (p<0.001) and
6° of IR (p=0.034). These results are not consistent with
those found in the present study in which internal rotation
decreased with posteroinferior and posterior eccentricities.
However, it should be noted that in Klosterman's study, all
different implants had lateralized glenospheres, whereas, in
the present study, we examined both standard and lateralized
glenospheres (0 mm, +3 mm, +6 mm). In addition, in the
present study glenoid lateralization did not result in internal
rotation improvements (p=0.215) and neither had any effect
on increasing glenosphere-to-coracoid/conjoint  tendon
distance (p=0.056 and p=0.751 for coracoid and conjoint
tendon, respectively). Finally, the current study was a virtual
simulation, which cannot account for soft tissue tension. It is
possible that the soft tissue tension plays a significant role in
limiting IR.

Limitations

The Hive - Musculoskeletal Journal

The limitations include those inherent to computer-based
models. First, the software used may not be a valid in vivo
representation of ROM due to predetermined scapular
positioning and the exclusion of soft tissue considerations
[21]. This may account for discrepancies between the
reported ROM and what is observed clinically [22]. Second,
clinical recommendations cannot be extrapolated as there
may be consequences to inferior positioning such as risk of
nerve injury or increased tension on the acromion leading to
stress fracture. Third, we evaluated glenohumeral ROM but
could not consider rotator cuff status(23) and
scapulothoracic movements [24][19], key factors for HBB
motion [19]. Fourth, the CT used allowed us to implant 36
mm glenospheres only and we chose an inlay design with a
prosthetic inclination of 135°, and concern mainly female
patients (77%): our findings may not be generalizable. Fifth,
the distance from glenosphere to anatomical structures were
evaluated in a preoperative configuration. In fact, in
postoperative condition, shoulder's center of rotation is
distalized after RSA [25], thus causing an increased tension
of the conjoint tendon, which, as a cord effect, moves closer
to the anterior margin of the glenoid. Consequently, our soft
tissue measurements might be overestimated. Sixth, we had
to exclude a consequent number of shoulders due to
version/inclination parameters and exuberant osteophytes.
Seventh and lasty, during different configuration testing,
precise glenosphere eccentricity orientation was set.
Intraoperatively, reaching the right degrees might a real
challenge without precise navigation system [26]. In light of
the above, our findings certainly require clinical correlation.

Conclusions

In a virtual simulation model with a 135° inlay humeral
component, posteroinferior eccentricity and lateral offset
optimizes ROM in all directions, including HBB. Posterior or
posteroinferior eccentricity may reduce anterior impingement
risk by increasing the clearance from the coracoid process
and conjoint tendon.
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