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Objective: The aim was to evaluate the effects of different glenosphere eccentricities on impingement, range of motion (ROM), and 
muscle length during standard activities in reverse total shoulder arthroplasty (RSA).
Methods: In this study, we utilized computational modeling techniques to create native shoulder and shoulder models undergoing 
RSA and simulate shoulder movements in all abduction-adduction, flexion-extension, and rotation. We tested a total of 36 different 
glenosphere configurations, which included three different inferior tilts (0°, +10°, +20°) and two different lateral offsets (0 mm and 
+4 mm), as well as six different glenosphere eccentricities (concentricity, inferior, posterior, anterior, anteroinferior, and poster-
oinferior). We evaluated the maximum impingement-free ROM, impingement sites, and muscle lengths.
Results: All glenosphere configurations exceeded 50% of native shoulder ROM in three planes and total global ROM. In abduction- 
adduction, there was no significant difference among the different glenosphere eccentricities (p > 0.05). In flexion-extension, the 
posteroinferior eccentricity had the maximum ROM among the different eccentricities, but no significant difference among the 
different glenosphere eccentricities (p > 0.05). In rotation, there was a significant difference overall, and anteroinferior eccentricity 
had a significant advantage over concentricity (p < 0.05). In total global ROM, anteroinferior eccentricity had a significant advantage 
over concentricity when lateral offset was 0 mm (p < 0.05). In all models of glenosphere eccentricities, only the elongation of the 
infraspinatus muscle was statistically significant (p < 0.05).
Conclusion: Glenosphere eccentricity significantly influenced rotation, total global ROM, and the length of the subscapularis muscle. 
Among them, anteroinferior offset achieved the maximum ROM in abduction-adduction, rotation, and total global activities. Both 
anteroinferior and inferior glenoid eccentricity showed significant advantages over the concentricity in rotation and total global ROM.
Level of Evidence: Basic Science Study; Computer Modeling.
Keywords: reverse shoulder arthroplasty, glenosphere eccentricities, impingement, notching, range of motion, muscle length

Introduction
Reverse total shoulder arthroplasty (RSA) has emerged as a widely accepted approach for managing shoulder pathol-
ogies, including Neer’s 3 and 4-part proximal humerus fractures, cuff tear arthropathy, revision arthroplasty, and 
degenerative diseases.1–4 Since 2014, the annual number of RSA surgeries performed in the United States has surpassed 
anatomical total shoulder arthroplasty (TSA), with an estimated 80,000 procedures performed each year.5 With the 
increasing popularity of RSA, there has been a growing understanding of its associated complications. During the mid- to 
long-term follow-up after RSA surgery, the incidence of impingement and notching has been reported to range from 
9.6% to 68%.6,7 The mechanism of scapular notching remains incompletely understood, but it is primarily attributed to 
mechanical contact between the polyethylene implant component and the scapular border during arm movements, 
including abduction, adduction, extension, internal and external rotation (IR and ER).7,8 This contact leads to wear of 
the polyethylene material, chronic inflammation, and localized osteolysis.9

International Journal of General Medicine 2023:16 4691–4704                                           4691
© 2023 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 June 2023
Accepted: 16 September 2023
Published: 17 October 2023

http://orcid.org/0000-0003-3084-6376
http://orcid.org/0000-0001-8646-8779
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


The design of the implant and the method of surgery can significantly affect the results, as can the characteristics of the glenoid 
and humerus. Indeed, these factors can directly alter the stability of the implant internally, the forces exerted by muscles, range of 
motion (ROM), impingement, and notching. Some studies have indicated that glenosphere offset can have an impact on the ROM. 
Inferiorization and lateralization of the glenosphere’s position have been shown to reduce the risk of impingement and notching 
and improve shoulder mobility.10–14 There have been computer studies conducted to evaluate the comparisons in ROM for 
different glenosphere eccentricities. These studies have explored various eccentricities such as central, inferior, posteroinferior 
eccentricity, and13 inferior and anterior eccentricity,15 as well as superior and inferior eccentricity.16 However, to the best of our 
knowledge, there is currently no comprehensive research evaluating the effects of different glenosphere eccentricities on shoulder 
joint mobility, impact risk, and muscle length.

To fill this knowledge gap and to make standardized comparisons, we conducted a computational simulation study. Due to the 
limited research on the eccentricity position of the glenosphere, we hypothesize that there are other directions of hypothesis that 
may achieve a larger impingement-free ROM of the shoulder joint. This study aims to provide evidence-based recommendations 
for glenosphere eccentricity in RSA, ultimately improving patient outcomes and surgical decision-making.

Materials and Methods
Shoulder Computed Tomography Data and Computational Model
This basic science study used three-dimensional (3D) reconstructed computational models based on computed tomo-
graphy (CT). We retrospectively collected data from consecutive patients diagnosed with primary osteoarthritis or cuff 
tear arthropathy in the orthopedic department of Beijing Chaoyang Hospital from January 2022 to February 2022. 
Exclusion criteria were age less than 18 years. Patients with significant bony dysplasia of the scapula, glenoid, or 
humerus or with a previous injury. Their radiological information was collected. This is in keeping with existing 
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literature in this area,17–21 which used normal shoulder CT scans. We obtained ethical approval prospectively. Finally, six 
patients (4 women and 2 men) were included in the current study, with an average age of 72.4 years. Bone tissue was 
manually segmented from other tissues by automatic grayscale threshold segmentation (minimum 200 Hounsfield units) 
in Mimics software (Materialise, Leuven, Belgium), and the bone geometric boundaries were constructed.22 3D bone 
geometry was reconstructed using Geomagic Wrap (3D Systems, Rock Hill, USA) and overlaid with the original CT 
images to assess the accuracy of the reconstruction. The reconstructed model was subsequently brought into SolidWorks 
2018 (Dassault Systèmes Corp., Concord, MA, USA) for further modeling. All standard axes and planes of the bone 
structure were defined according to the standards of the International Society of Biomechanics (ISB).23 To standardize 
the position of the humerus and scapula for all patients, the glenoid version and inclination were corrected individually in 
each case aiming to be neutral or the closest to neutral.24,25

Computational Simulation of RSA
The Comprehensive® Reverse Shoulder System (Biomet, Inc., Warsaw, IN, USA) was used in this study. The simulation 
of the surgery mainly includes three steps: implantation of the humeral prosthesis implantation, glenoid prosthesis 
implantation, and assembly of the two components. Using Solidworks 2018 to simulate RSA, visualization can be 
performed from the coronal, sagittal, and transverse planes, respectively. Surgeons were trained and practiced with the 
software and simulated reverse shoulder arthroplasty according to standard techniques26,27 under the supervision of two 
experienced shoulder surgeons. The scapula model was modified to be as close as possible to the neutral version and 
inclination. This included a glenosphere with a diameter of 36 mm, which was the best fit in all instances, and a standard 
glenoid baseplate with a diameter of 28 mm and a central peg of 15 mm. The central peg’s entry point was centered in the 
width of the glenoid and at a height that made the baseplate level with the lower rim of the glenoid. We tested 36 
different glenoid configurations combining 3 different inferior tilts (0°, +10°, +20°), 2 different lateral offsets (+0 mm 
and +4 mm), and 6 different glenosphere eccentricities (+0 mm, +2 mm inferior, +2 mm posterior, +2 mm anterior, 
+2 mm anteroinferior, and +2 mm posteroinferior). The lateral offset of 4 mm is lateralized by the lateralized 
glenosphere28 (see Figure 1).

On the humeral side, all models used a humeral osteotomy at a retrotorsion tangle of 20° relative to the intercondylar 
axis.26,27 An Onlay humeral prosthesis with a 147° neck-shaft angle is implanted, consistently positioned at the level of 
the greater tuberosity. The implanted humeral metal stem has a 135° inclination angle, and the polyethylene cup has a 12° 
angle. Using tangent matching under functional conditions, the glenohumeral joint of the RSA was modeled as a center- 
rotating ball-and-socket joint.

Simulating Kinematic and Impingement
The native shoulder and each of the 36 combinations were exported as.stl files from SolidWorks for the humeral side and 
scapular side, respectively, and then imported into Blender 3.0 (Blender Foundation, Amsterdam, the Netherlands) for the 
evaluation of the impingement-free ROM. The ROM was evaluated by simulating standard kinematics: abduction- 
adduction (parallel to the coronal plane), flexion-extension (parallel to the sagittal plane), and internal-external rotation. 
Global ROM is defined as the sum of all 6 motions. The evaluation of abduction-adduction and flexion-extension was 
conducted with the arm positioned in a neutral rotation. IR and ER were measured with the arm positioned in 10° 
abduction relative to the sagittal plane.

Assuming that the polyethylene cup and the glenosphere are in perfect contact and completely match during 
movement the 3D geometries of the scapula, humerus, and prosthesis were discretized into a mesh with a maximum 
pixel size of 1 mm2. Any impingement or overlap of voxel graphics was utilized for detecting impingements between 
bone-to-bone and bone-to-implant interactions. When an impingement was detected during motion, the software system 
recorded the positions of the overlapping voxels and the angle of rotation. The measurements were performed by one 
observer with a resolution of 0.1° (see Figure 2).
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Muscle Length
The length of the muscle was determined in a neutral position in relation to the humerus. The variation in the length of 
the rotator cuff muscles was approximated by comparing the line segments that represented these muscles. Due to the 
wide range of muscle attachments, for the standardization and simplification of measurement, we have uniformly defined 
the pseudo-origins and insertions of each deltoid muscle and rotator cuff. The pseudo-origins of the anterior, middle, and 
posterior bundles of the deltoid muscle are, respectively, at the lateral third of the clavicle, the lateral acromion, and the 
most lateral scapular spine. The insertion point for all three bundles is the deltoid tuberosity of the humerus. The pseudo- 
origin of the supraspinatus was identified as the supraglenoid tubercle, while its insertion point was determined to be the 
upper edge of the greater tuberosity. The pseudo-origins of the infraspinatus and subscapularis muscles were established 

Figure 2 Shows the simulation of impingement in the shoulder joint after RSA during abduction and internal rotation.

Figure 1 This figure shows 6 different glenosphere eccentricities positions (concentricity, +2 mm inferior, +2 mm posterior, +2 mm anterior, +2 mm anteroinferior, and 
+2 mm posteroinferior) with no change in the baseplate.
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at their furthest lateral bone attachment on the scapula, and their insertion points were located at the center of the greater 
and lesser tubercles, respectively. In addition, we measured the superior, middle, and inferior bundles of the infraspinatus 
and teres minor muscles separately and then took the average as the length of the muscle. The average length of each 
muscle at each degree of movement was evaluated as a percentage of the corresponding muscle length in the original 
shoulder. To be specific, a positive percentage signifies that the muscle has lengthened compared to the normal shoulder, 
while a negative percentage signifies that the muscle has shortened compared to the original shoulder.

Statistical Analysis
Statistical analysis was performed using IBM SPSS 26 (IBM, Armonk, New York, USA) and Origin 2021 (Origin Lab, 
New York, USA). Data analysis includes descriptive statistics, such as mean, standard deviation (SD), and 95% 
confidence interval (CI), which apply to all ROM and muscle elongation measurements. We compared ROM and muscle 
elongation using a one-way analysis of variance (ANOVA), and Tukey HSD post hoc test was used for analysis and 
paired sample t-test. A statistically significant difference was considered when P < 0.05.

Results
Influence of Eccentric Glenosphere on ROM
Overall, the glenosphere offset has a significant impact on rotation and global ROM. Anteroinferior and inferior offset 
have a significant advantage in terms of total rotation and global ROM compared to the center. Complete tables and 
graphs, which present all ROMs for every configuration, can be found in the Supplementary Material. The most crucial 
observations are outlined below, categorized by the plane of motion.

Abduction-Adduction
Among the 36 combinations, none of them exceeded the native ROM of 109.1° for abduction-adduction, even though all 
combinations achieved at least 50% of the native ROM (see Figure 3). In this plane of motion, there were no statistically 

Figure 3 Shows the comparison of the abduction-adduction ROM for different glenosphere eccentricities under all glenoid options. Native: the native shoulder, T: tilt, and L: 
lateral offset.
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significant differences in glenosphere eccentricity between different positions (p > 0.05). However, for tilt angles of 0° 
and 20°, the anteroinferior eccentricity had the maximum ROM compared to other eccentricities, although the differences 
were not significant (p > 0.05). Among these glenoid options, the maximum ROM was observed at 105.3° for the tilt 
angle of 0° and lateral offset of 4 mm (T0L4). In adduction motion, the anteroinferior eccentricity had the largest ROM 
among eccentricities. For abduction motion, the anteroinferior eccentricity achieved the maximum ROM for both tilt 
angles of 0° and 20° and has a significant advantage compared to all other glenosphere offsets (p < 0.05).

Flexion-Extension
Among the 36 combinations, none of them exceeded the native ROM of 283°. In all glenoid options, the posteroinferior 
eccentricity had the maximum ROM compared to other eccentricities in the plane of motion (see Figure 4). Furthermore, 
in the T10L4 and T20L4, the posteroinferior eccentricity demonstrated a significant advantage over the anteroinferior 
eccentricity (p < 0.05). Furthermore, in the flexion, the posteroinferior eccentricity had the maximum ROM, which was 
significantly better than the center, anterior, and anteroinferior (p < 0.05), while in extension, there were no statistically 
significant differences in glenosphere offset (p > 0.05).

Internal-External Rotation
All measurements of rotation were performed at a position of 10° of shoulder abduction. Similarly, among the 36 
combinations, none of them exceeded the native ROM of 174°. In all glenoid options, significant differences were 
observed among all glenosphere eccentricities (see Figure 5). Specifically, anteroinferior eccentricity exhibited 
a significant advantage over concentricity posterior and anterior offset (p < 0.05), while no significant differences 
were found between anteroinferior, inferior, and posteroinferior eccentricities (p > 0.05). The maximum ROM observed 
in the anteroinferior eccentricity was 164.5 degrees for the T10L4. Additionally, in IR, anteroinferior eccentricity had the 
maximum ROM among all different glenosphere eccentricities and showed a significant advantage over concentricity and 
posteroinferior eccentricity (p < 0.05). In ER, posteroinferior eccentricity had the maximum ROM and demonstrated 
a significant advantage over concentricity and anterior eccentricity (p < 0.05).

Figure 4 Shows the comparison of the flexion-extension ROM for different glenosphere eccentricities under all glenoid options. Native: the native shoulder, T: tilt, and L: 
lateral offset.
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Total Global ROM
In this assessment of ROM, none of the combinations exceeded the native ROM of 566.1°. In all glenoid options, there were 
significant differences among different glenosphere eccentricities (see Figure 6). Specifically, in the case of 0mm lateral 
offset, anteroinferior eccentricity demonstrated a significant advantage over the concentricity position (p < 0.05), while no 
significant differences were found among anteroinferior, inferior, and posteroinferior eccentricities (p > 0.05). Among these 
combinations, the T0L4 combination had the largest ROM for anteroinferior eccentricity, reaching up to 456.7°.

Sites and Frequency of Impingement
In general, the sites and frequencies of impingement during shoulder joint movements vary for different glenoid character-
istics. Figure 7 presents a heatmap of the frequency of impingement sites for 6 different glenosphere eccentricities under 
different motions. During abduction, the most common impingement occurs between bone structures, primarily involving the 
impingement of the humeral greater tuberosity and the acromion. Additionally, impingement can occur between bone and 
prosthesis, such as the impingement between the glenoid and the poly (commonly observed in anteroinferior and inferior 
eccentricities). During extension, the displacement of the glenosphere significantly affects the impingement sites.

Furthermore, impingement sites are relatively consistent during adduction, flexion, and rotation, including impinge-
ment between the neck of the scapula and the poly, the lesser tuberosity and the coracoid process, as well as anterior and 
posterior impingements of the glenoid-neck with the poly, respectively. Table 1 illustrates impingement sites for different 
glenoid options when the glenosphere anteroinferior eccentricity.

Muscle Length
In all combinations of glenosphere eccentricities, lengthening of the deltoid and infraspinatus muscles was observed, 
whereas the teres minor was shortened relatively to the native, and the subscapularis was lengthened in partial 
combinations. There were significant differences in the changes of subscapularis muscle between the whole group (p 
< 0.05), and there were significant differences between the anteroinferior and the concentric and posterior eccentricity (p 

Figure 5 Shows the comparison of the internal-external rotation ROM for different glenosphere eccentricities under all glenoid options. Native: the native shoulder, T: tilt, 
and L: lateral offset.
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< 0.05). In addition, the anteroinferior eccentricity resulted in the greatest elongation in the deltoid (middle and posterior 
bundles) and the least shortening in the infraspinatus muscle. However, these differences were not statistically significant 
(p > 0.05). Figure 8 illustrates the comparison of muscle lengths at the shoulder joint in T0L4 for different glenosphere 
eccentricities.

Figure 6 Shows the comparison of the Total global ROM for different glenosphere eccentricities under all glenoid options. Native: the native shoulder, T: tilt, and L: lateral offset.

Figure 7 Graph presents a heatmap of the frequency of impingement locations for 6 different glenosphere eccentricities positions under different tilt and lateral offset 
combinations. Impingement type:1 represents impingement between bones and 2 represents impingement between bone and implant. In abduction, the frequency of 
impingement between the greater tuberosity and acromion; in adduction, the frequency of impingement between the scapular neck and poly; in flexion, the frequency of 
impingement between the lesser tuberosity and coracoid; in extension, the frequency of impingement between the humerus and scapular neck; in IR and ER, the frequency of 
impingement between the scapular neck and poly.
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Table 1 Impingement Sites for Different Glenoid Options When the Glenosphere Anteroinferior Eccentricities

Glenoid Options Abduction Adduction Flexion Extension Internal Rotation External Rotation

T0; L0 2 Supraglenoid-Poly 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 1 Humerus-Scapular 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

T10; L0 1 Greater tubercle-Acromion 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 1 Humerus-Scapular 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

T20; L0 2 Supraglenoid-Poly 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 2 Scapular neck-Poly 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

T0; L4 1 Greater tubercle-Acromion 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 1 Humerus-Scapular 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

T10; L4 1 Greater tubercle-Acromion 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 1 Humerus-Scapular 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

T20; L4 1 Greater tubercle-Coracoid 2 Scapular neck-Poly 1 Lesser tuberosity-Coracoid 1 Humerus-Acromion base 2 Anteroinferior scapular neck-Poly 2 Posteroinferior scapular neck-Poly

Notes: T, tilt; L, lateral offset; Impingement type: 1 represents impingement between bones and 2 represents impingement between bone and implant.
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Discussion
RSA has become a popular treatment for arthritic shoulders with irreparable rotator cuff tears due to its good clinical and 
biomechanical results.6,29 However, the high complication rate associated with this procedure has generated controversy 
regarding its appropriate usage.30 Modern glenoid components are still associated with impingement and notching, which 
can restrict ROM and potentially lead to glenoid loosening and component failure.31 Therefore, many designs and 
techniques of RSA implants aim to optimize ROM while avoiding excessive muscle tension. To our knowledge, there is 
currently no comprehensive study that evaluates the effects of all six different offset positions on the free-impingement 
ROM, risk of impingement, and muscle length.

In this study, we constructed the three-dimensional CT-based computer shoulder joint model and performed surgical 
simulations of RSA with different glenosphere eccentricities according to surgical procedures. The standardized simula-
tion of shoulder motion in different directions was used to analyze the bony impingement that limits abduction- 
adduction, flexion-extension, and rotation. The main findings of this study indicate that glenosphere eccentricity 
significantly affects flexion-extension, rotation, and global free-impingement ROM. Specifically, anteroinferior and 
inferior eccentricity demonstrated significant improvements in rotation and global ROM compared to concentricity.

ROM
Among all 36 simulated combinations, only when the glenosphere concentricity at T20L0, the total global ROM did not 
exceed 50% of the native shoulder, and the others exceeded 50%. In both adduction and flexion movements, there are 
varying glenosphere eccentricities that do not reach 50% of the native shoulder. In all cases, the center is not achieved. 
This indicates that the utilized prosthetic design allows for a significant restoration of the native shoulder joint’s 
ROM,32,33 but the center performance is suboptimal during adduction and flexion activities.

Figure 8 This figure shows the effect of 6 different glenosphere eccentricities on the length changes of the anterior, middle, and posterior bundles of the deltoid muscle and 
the rotator cuff muscles in the T0L4 combination. 1, 2, 3, 4, 5, and 6 represent concentricity, inferior, posterior, anterior, anteroinferior, and posteroinferior glenosphere 
eccentricities, respectively. A positive percentage indicates elongation of the muscle relative to the normal shoulder, whereas a negative percentage indicates shortening of 
the muscle relative to the normal shoulder.
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In the abduction-adduction ROM, there were no significant differences among the different glenosphere eccentricities. 
However, anteroinferior eccentricity showed the maximum ROM in this plane, followed by inferior and concentricity. 
This trend is consistent with the findings of Arenas’s study.32 However, their research only focused on inferior, 
posteroinferior, and concentricity. Additionally, it alters the impingement site during abduction, leading to impingement 
between the polyethylene cup and the superior rim of the glenoid.

In the flexion-extension ROM, posteroinferior eccentricity showed the maximum ROM compared to other offsets. 
Specifically, in flexion, posteroinferior offset achieves the maximum ROM, showing significant advantages over 
concentricity, anterior, and anteroinferior eccentricities. This may be attributed to the fact that during flexion, the 
impingement sites for different eccentricities were consistent at the lesser tuberosity and the acromion. Posteroinferior 
eccentricity shifts the COR posteriorly and inferiorly, thereby increasing the ROM in flexion. However, the differences in 
various eccentricities during extension movements are not significant, possibly because extension inherently has a larger 
range of motion, and the offset distance is relatively smaller in comparison.

In the rotation, there were significant differences among the different glenosphere eccentricities. Anteroinferior and 
inferior eccentricity had advantages over concentricity and others. This finding is consistent with the standardized studies 
conducted by Arenas and Krämer.32,34 Among the various glenosphere eccentricities, anteroinferior showed the max-
imum ROM in the rotation. We observed that the impingement sites remained consistent for both IR and ER, occurring 
between the polyethylene and the scapular neck. Therefore, we believe that these may increase the distance between the 
scapular neck and the polyethylene component, resulting in an increased ROM. Eric et al used planning software 
simulations and found that inferior eccentricity had a significant advantage over anterior eccentricity in ER activities.15 

This finding is consistent with our research results. Additionally, we also observed that posteroinferior eccentricity had 
a significant advantage over concentricity and anterior eccentricity. In IR, anteroinferior eccentricity demonstrated 
a significant advantage over concentricity. This indicates that inferior translation increases the ROM in rotation, while 
further anterior and posterior translation, respectively, increases the range of motion in internal and ER.

Impingement
In this study, the impingement sites we observed were consistent with the locations and shapes of scapular and glenoid 
notches reported in previous cadaveric and radiographic research. We also observed that different glenosphere eccentri-
cities resulted in different impingement sites. Additionally, we found that the tilt angle of the glenoid in anteroinferior 
eccentricity affected the type and sites of impingement during abduction and extension activities. This study provides 
valuable guidance and assistance in the prevention of impingement occurrences.

Muscle Length
In the study of muscle length, only the subscapularis muscle was significantly affected by different glenosphere 
eccentricities. The anteroinferior eccentricity not only lengthened the subscapularis muscle and improved its function 
but also improved the ROM of IR and provided a greater contribution to IR. In this study, the infraspinatus muscle was 
found to be lengthened in all displacements, which is consistent with the findings of Alexandre et al.33,35 However, this is 
inconsistent with the research conducted by Christopher et al, who found that the muscle was shortened.36 This may be 
due to differences in the type and technique of prosthesis design used. In addition, we found that when the glenosphere 
anteroinferior eccentricity, the deltoid (middle and posterior bundles), infraspinatus, and teres minor muscles, which are 
external rotators, had the longest muscle lengths. This increased the wrapping of the deltoid and further improved the 
muscle function of abduction and ER. In addition, we also found that inferior tilt caused varying degrees of reduction in 
the increased lengths of the deltoid and rotator cuff muscles, while lateral offset caused a significant increase in these 
muscle lengths. This may be associated with the medialization and lateralization of the COR.

Utilizing these findings for preoperative planning and surgical techniques can help achieve constructs that are free 
impingement, and any limitations in ROM can be addressed through intraoperative soft-tissue releases. It is important to 
note that different glenosphere eccentricities contribute differently to shoulder function. Therefore, personalized adjust-
ment of glenosphere eccentricity is necessary to achieve optimal functional outcomes.
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Limitation
This study also has some limitations: First, this study only assessed a 2mm eccentricity distance in different directions 
and did not evaluate the potential differences that larger eccentricity distances might bring. Second, this study primarily 
focused on assessing free-impingement rigid collisions and did not take into account the influence of soft tissue 
constraints, thus potentially deviating from the actual shoulder joint ROM. To better respond to physiologic shoulder 
motion after reverse shoulder surgery, we will utilize cadavers in future studies. Lastly, the extent of changes in the 
deltoid and rotator cuff muscles during motion and their impact on shoulder function were not specifically addressed.

Conclusion
In conclusion, glenosphere eccentricity significantly affects rotation, total global ROM, and the length of the subscapu-
laris muscle. Among them, anteroinferior offset achieved the maximum ROM in abduction-adduction, rotation, and total 
global activities. Both anteroinferior and inferior glenoid eccentricity showed significant advantages over the concen-
tricity in total rotation and total global ROM. Additionally, anteroinferior eccentricity demonstrated advantages in IR 
ROM and IR muscle tension. However, there is no absolute advantage for a specific eccentricity position, and individual 
adjustments should be made based on the specific needs.
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