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Abstract

Background: Reverse total shoulder arthroplasty (RTSA) is one of the most important procedures in the management of several shoulder
pathologies. Following advances in these procedures, the question was raised whether repairing the subscapularis tendon provides
superior functional results compared to leaving it unrepaired following RTSA, with contemporary clinical studies providing conflicting
findings. Objective: To compare the clinical and functional outcomes of reversed total shoulder arthroplasty (RTSA) performed with
versus without subscapularis tendon repair in Iraqi patients. Methods: Twenty-eight patients scheduled for RTSA, in whom the decision
to repair the subscapularis tendon was made intraoperatively according to the operating surgeon’s judgment, were evaluated at baseline
preoperatively and at 6-month and 12-month intervals postoperatively using the Constant-Murley score and shoulder range of motion.
The final analysis included 12 patients in the tendon repair group and 16 patients in the non-repair group. Results: Both groups
demonstrated significant improvements in Constant-Murley Score (CMS) and shoulder range of motion throughout follow-up (all
p<0.001). No significant between-group differences were observed at baseline, 6 months, or 12 months for any functional or range-of-
motion outcome (p>0.05). However, repeated-measures analysis showed significantly faster recovery trajectories in the repair group for
CMS, forward flexion, abduction, and internal rotation (time/group interaction, all p<0.001), whereas external rotation improved similarly
regardless of repair status (p=0.595). Conclusions: Subscapularis repair in RTSA, when technically feasible, may facilitate earlier
functional recovery without significantly altering 12-month clinical outcomes.
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INTRODUCTION difference between the classic anatomical total shoulder

arthroplasty (ATSA) and reverse total shoulder
Reverse total shoulder arthroplasty (RTSA) has emerged arthroplasty (RTSA) is that the latter alters the shoulder
as one of the most significant advances in shoulder biomechanics by shifting the humeral center of rotation
surgery, as it provides a reliable definitive management medially and distally, resulting in increased deltoid
option for patients suffering complex proximal humeral tension, allowing the deltoid muscle to compensate for
fractures and their sequelae, glenoid bone loss, the deficient native cuff function, while ATSA depends
irreparable rotator cuff tears, primary glenohumeral thoroughly on an intact functional rotator cuff to maintain
osteoarthritis, several inflammatory arthropathies, and shoulder function and stability [2]. These biomechanical
revision shoulder arthroplasty [1]. The main conceptual advantages of RTSA, presented originally by Paul
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Grammont in the 1980s, resulted in more predictable pain
relief, a satisfactory range of motion, and restoration of
shoulder elevation across a wide range of shoulder
pathologies despite the cuff status, making RTSA one of
the fastest-growing procedures in modern orthopedics
[3]. Since its introduction, RTSA has undergone
significant design evolution to improve functional
outcomes and reduce implant-related complications [4].
The original highly medialized Grammont model was
associated with adverse consequences involving
instability, altered soft tissue tension, and limited external
rotation, as well as scapular notching [5]. Therefore, the
development of modern contemporary implant designs to
avoid these shortcomings was necessary, which
ultimately led to the introduction of what is known
nowadays as the modern or “lateralized” RTSA [4]. This
modern system was designed to incorporate global
lateralization of the glenohumeral prosthesis compared to
the older, highly medialized original model. The
lateralization of the humeral center of rotation provided

improved  deltoid wrapping, reduced scapular
impingement, enhanced prosthetic stability, and
preserved residual cuff function [6,7]. These

biomechanics of the modern RTSA raised important
questions regarding surgical maneuvers that were
considered routine in the older systems, and among these
considerations, the repair of the subscapularis tendon
remains the most debated [8]. The subscapularis muscle
plays a fundamental role as a major rotator cuff
component, providing anterior shoulder stability,
internally rotating the glenohumeral joint, and balancing
the force couples around the shoulder [9]. Therefore, the
meticulous repair of the subscapularis tendon was a
crucial step in ATSA and early medialized RTSA to
increase postoperative stability, provide adequate
anterior soft tissue cover, and maximize shoulder
function [10]. With the development of the lateralized
implant designs in RTSA, the necessity of subscapularis
tendon repair was challenged, as the modern lateralized
model provided superior deltoid mechanics and
improved stability and soft tissue tension [11]. The
question was then raised among surgeons whether
repairing the subscapularis tendon provides superior
functional results and shoulder stability compared to
leaving it unrepaired following RTSA, with
contemporary clinical studies providing conflicting
findings [2,8,10-12]. Consequently, insufficient evidence
has led to the decision to repair the subscapularis tendon
being more individualized and  determined
intraoperatively according to the tendon quality,
repairability, mobility, and the operating surgeons’
judgement [11]. Therefore, the current study aims to
prospectively compare the clinical and functional
outcomes of reversed total shoulder arthroplasty (RTSA)
performed with versus without subscapularis tendon
repair on a sample of Iraqi patients undergoing this
procedure.
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METHODS
Study design and setting

The current study is a prospective observational cohort
study; patients of both sexes aged > 50 years suffering
from different shoulder pathologies indicated for primary
reverse total shoulder arthroplasty (RTSA) and scheduled
for surgery were recruited to participate in the study.
Baseline shoulder functional assessment was done for
each patient preoperatively. Surgery was done for each
patient, and the decision of subscapularis tendon repair
was made intraoperatively by the operating surgeon
independently based on the health status, mobility,
repairability of the tendon, and surgeon’s judgement.
Each patient’s shoulder function was followed up twice
postoperatively at 6-month and 12-month intervals. The
final analysis included the eligible enrolled patients who
completed their follow-up schedule; the total number of
enrolled patients was 28, the repair group included 12
patients, and the non-repair group included 16 patients.
Recorded data at baseline and follow-up were used to
compare the functional outcome between the
subscapularis tendon repair and non-repair groups. The
study commenced on the 1st of June 2024, with patient
recruitment continuing for 12 months; the final follow-
up visit for the last enrolled patient was completed on the
Ist of June 2026. All patients were evaluated
preoperatively and underwent reverse total shoulder
arthroplasty under the supervision of a single orthopedic
surgical team at a dedicated orthopedic surgical center.
Postoperative follow-up visits and functional outcomes
evaluation were completed at the same center according
to a standardized follow-up protocol. Written informed
consent was obtained from all participants before
enrollment.

Sample size

A convenient sampling method had been employed in the
current study; all patients who satisfied the inclusion
criteria during the recruitment period in the study center
were enrolled in the project. Patients who completed their
follow-up schedule were included in the final analysis.

Inclusion criteria

Patients of both sexes, aged > 50 years, indicated for
primary reverse total shoulder arthroplasty, underwent
the procedure and agreed to comply with the
postoperative follow-up schedule to be eligible for the
study.

Exclusion criteria

Patients who refused to undergo the procedure or the
postoperative follow-up. Patients who did not complete
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their scheduled follow-up visits. Patients with revision
arthroplasty or previous shoulder surgery. Patients with
active or previous shoulder pathology (infectious,
inflammatory, or neuromuscular). Patients with severe
bone loss require augmented or custom implants.

Surgical procedure

All  enrolled patients underwent standardized
preoperative procedures. Surgery was performed under
general anesthesia with patients in a beach chair position.
The standard deltopectoral approach was utilized, and
reverse total shoulder arthroplasty was done using the
Zimmer Biomet™ Comprehensive® reverse shoulder
system. Repair of the subscapularis tendon was decided
by the surgeon intraoperatively according to the
presence, health status, mobility, and repairability of the
tendon; for the repair group, the tendon was reattached to
its anatomical footprint in the lesser tuberosity using a
non-absorbable beaded suture passed transosseous. For
the non-repair group, the tendon was left unrepaired.
Care was taken to ensure full hemostasis before closure.

Functional outcomes assessment

The outcome assessment was done using the Constant-
Murley Score (CMS), a validated shoulder-specific
outcome assessment measure widely used after shoulder
arthroplasty. The score consists of four domains:
shoulder pain (max. 15 points), daily activities (max. 20
points), range of motion (max. 40 points), and shoulder
strength (max. 25 points). The maximum score is 100
points, with the higher score referring to better shoulder
function [13]. Shoulder range of motion in major
directions was also assessed as an outcome measure
representing shoulder function. Range of motion was
recorded in degrees of flexion, abduction, external, and
internal rotation. Patients were assessed for shoulder
function at baseline preoperatively and postoperatively at
6-month and 12-month intervals using CMS and range of
motion assessment.

Ethical considerations

The Iraqi Board of Medical Specialization approved the
study protocol, and the participants provided written
informed consent to enroll in the study.

Statistical analysis

Statistical analyses were performed using Jamovi
(version 2.6.25.0, The Jamovi Project, Sydney,
Australia). Continuous variables are presented as mean +
standard deviation (SD), and categorical variables as
frequencies and percentages. Baseline characteristics and
clinical outcomes were compared between the repair and
non-repair groups using independent-samples t-tests.
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Welch's t-test and the Mann-Whitney U test were used
where appropriate. Changes in functional outcomes over
time were evaluated using two-way repeated-measures
analysis of variance (RM-ANOVA), with time (baseline,
6 months, and 12 months) as the within-subject factor and
group (repair vs. non-repair) as the between-subject
factor. Main effects and time % group interactions were
assessed. When the assumption of sphericity was
violated, the Greenhouse-Geisser correction was applied.
Post hoc pairwise comparisons were performed with
Bonferroni adjustment for multiple testing. Effect sizes
are reported as partial eta-squared (n?). A two-tailed p-
value < 0.05 was considered statistically significant.

RESULTS

Twenty-eight patients undergoing reverse total shoulder
arthroplasty (RTSA) were enrolled prospectively and
followed for 12 months. Sixteen patients (57.1%) did not
undergo subscapularis repair (not repaired group), and 12
patients  (42.9%) underwent subscapularis repair
(repaired group). The overall cohort included 18 women
(64.3%) and 10 men (35.7%), with a mean age of 70.5 +
6.98 years (range, 58—82) and a mean body mass index
(BMI) 0f29.0 £ 3.21 kg/m? (range, 23.9-34.7). Baseline
demographic and clinical characteristics were well
balanced between the two groups (Table 1).

Table 1: Baseline demographic and clinical characteristics by
subscapularis repair status

Characteristic NOt(Ilf:f 2)1red R(;p: all;d p-value*
Age (year) 69.8+7.24 71.5+6.82 0.537
BMI (kg/m?) 28.6+3.4 29.543.0 0.460
Baseline CMS (point) 33+8.2 31.4+7.8 0.607
Baseline forward flexion (°) 90.9+15.82 88+14.1 0.623
Baseline Abduction (°) 85+15.07 81.8+13 0.565
Baseline external rotation (°) 11.1£8.03 8.8+6.83 0.446
Baseline internal rotation (°) 16.149.1 13.9+8.01 0.522

Values are mean + SD. * independent-samples Student's t-test.

There were no statistically significant differences
between groups in age, BMI, or baseline Constant-
Murley Score (CMS), forward flexion (FF), abduction
(ABD), external rotation (ER), or internal rotation (IR)
(»> 0.05). Both groups demonstrated substantial
improvement in shoulder function and range of motion
by 6 and 12 months postoperatively. At each follow-up
timepoint, the repaired group showed numerically higher
CMS, FF, ABD, and IR values and lower ER values
compared with the not repaired group; however, none of
these between-group differences reached statistical
significance on an independent-samples t-test or Mann—
Whitney U testing (all p> 0.05) (Table 2). To assess
change over time (longitudinal change over 12 months)
and determine whether subscapularis repair status
influenced the trajectory of recovery, a two-way
repeated-measures ANOVA was performed for each
outcome, with Timeline (baseline, 6 months, 12 months)
as the within-subject factor and Group (Repaired vs. Not
Repaired) as the between-subject factor (Figure 1).
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Table 2: Clinical outcomes at 6 and 12 months by subscapularis repair status
Outcome Time Not Repaired Repaired p-value p-value
(month) (n=16) (n=12) (t-test) (MWU)
CMS (point) 6 64.2+8.5 66.8£7.91 0.417 0.577
CMS (point) 12 73.847.5 76.546.91 0.337 0.486
Forward flexion (°) 6 127.9+15.65 132.1+14.04 0.469 0.390
Forward flexion (°) 12 139.9+14.58 144+13.03 0.446 0.265
Abduction (°) 6 120+15.02 124.1+13.06 0.459 0.457
Abduction (°) 12 132.1+16.09 135.9+14.25 0.523 0.457
External rotation (°) 6 23.1+8.09 20+7.14 0.307 0.401
External rotation (°) 12 29.1+6.97 26.1+6.88 0.261 0.264
Internal rotation (°) 6 30+9.07 34.247.83 0.214 0.170
Internal rotation (°) 12 35.9+8.08 39.9+£7.01 0.185 0.209
Values are mean = SD. CMS: Constant-Murley score; MWU: Mann—Whitney U test.
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Figure 1: Clinical and functional outcome over 12-month follow-up by subscapularis repair status. The trajectories of CMS and range-of-motion
parameters (forward flexion, abduction, external rotation, and internal rotation) from baseline to 12 months for the Repaired and Not Repaired groups.

Mauchly's test indicated a violation of the sphericity
assumption for ER and IR (p< 0.001); Greenhouse—
Geisser—corrected results are therefore reported for all
outcomes for consistency (Table 3).

Table 3: Repeated-measures ANOVA summary (Greenhouse—Geisser
corrected)

Outcome Effect p-value Pa:;al (I\S/Iz}:;%:;t}l;)

Time <0.001 0.995

CMS group 0.679 0.007 0.342
Time X group <0.001 0.365
Time <0.001 0.984

Forward flexion group 0.743 0.004 0.123
Time x Group 0.001 0.249
Time <0.001 0.988

Abduction Group 0.777 0.003 0.674
Time x Group <0.001 0.324
Time <0.001 0.957

External rotation Group 0.323 0.038 <0.001
Time x Group 0.595 0.015
Time <0.001 0.964

Internal rotation Group 0.522 0.016 <0.001
Time x Group <0.001 0.377

CMS: Constant-Murley score.
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A highly significant main effect of Timeline was
observed for all five outcomes (all p< 0.001, partial n*>=
0.957-0.995). The main effect of the group was not
significant for any outcome (all p> 0.05). A significant
timeline x group interaction was found for CMS (p<
0.001, partial n*>= 0.365), FF (p= 0.001, partial n*=
0.249), ABD (p< 0.001, partial n>= 0.324), and IR (p<
0.001, partial n*= 0.377), indicating that the pattern of
recovery over time differed according to subscapularis
repair status for these outcomes. In contrast, the
interaction was not significant for ER (p= 0.595, partial
n%= 0.015), suggesting a parallel recovery trajectory for
external rotation regardless of repair status. Post hoc
simple-effects comparisons of group within each timeline
level did not reach statistical significance at baseline, 6
months, or 12 months for any outcome (all p> 0.05). Post
hoc pairwise comparisons for the main effect of Timeline
(collapsed across group) confirmed that all outcomes
improved significantly between every pair of
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timepoints—baseline to 6 months, baseline to 12 months,
and 6 to 12 months (all p< 0.001) (Table 4).

Table 4: Post hoc pairwise comparisons for the main effect of Timeline
(Bonferroni-corrected, collapsed across group)

Outcome Comparison Result p-value*
Baseline vs 6 mo -33.30+0.504 <0.001
CMS Baseline vs 12 mo -42.95+0.392 <0.001
6 mo vs 12 mo -9.65+0.444 <0.001
Baseline vs 6 mo -40.5+0.774 <0.001
Forward Flexion Baseline vs 12 mo -52.5+1.111 <0.001
6 mo vs 12 mo -12+1.023 <0.001
Baseline vs 6 mo -38.6+0.886 <0.001
Abduction Baseline vs 12 mo -50.6+0.816 <0.001
6 mo vs 12 mo -12.0+0.761 <0.001
Baseline vs 6 mo -11.58+0.473 <0.001
External Rotation Baseline vs 12 mo -17.66+0.391 <0.001
6 mo vs 12 mo -6.07+0.678 <0.001
Baseline vs 6 mo -17.09+0.484 <0.001
Internal Rotation Baseline vs 12 mo -22.94+0.563 <0.001
6 mo vs 12 mo -5.84+0.825 <0.001

Values are presented as mean+SE. *One-way ANOV with Bonferroni
post hoc text.

DISCUSSION

The principal finding of this study is that both patients
who underwent subscapularis repair and those who did
not experienced significant improvements in shoulder
function and range of motion during the first 12 months
following RTSA. Although no significant between-group
differences were observed at baseline, 6 months, or 12
months, recovery trajectories differed according to repair
status for the Constant-Murley Score (CMS), forward
flexion, abduction, and internal rotation. Patients who
underwent subscapularis repair demonstrated higher
rates of postoperative improvement in these outcomes,
whereas external rotation improvement was comparable
in both groups. These findings suggest that subscapularis
repair may improve postoperative functional recovery.
The role of subscapularis repair following RTSA remains
controversial in the literature. Historically, subscapularis
muscle repair has been proposed because of its role as the
primary internal rotator and an important anterior
stabilizer of the shoulder joint, with the expectation that
repair may improve joint stability and internal rotation
[14,15]. Thus, early studies reported reduced
postoperative instability after repair. Edwards et al. [15]
demonstrated a markedly lower dislocation rate among
repaired shoulders, leading many surgeons to routinely
repair the tendon whenever feasible. However, later
studies using modern lateralized implant designs have
questioned the necessity of routine repair. Roberson et al.
[16] in 2018 found no significant differences in
dislocation rates, functional outcomes, or range of
motion between repaired and unrepaired patients
undergoing lateralized RTSA and suggested that repair of
the subscapularis tendon after lateralized reverse
shoulder arthroplasty may not be necessary. Similarly, a
meta-analysis by Matthewson et al. [17] in 2019
suggested that any protective effect of repair on
instability is largely dependent on prosthesis design
rather than repair status alone. The findings of the current
study are consistent with this evolving evidence,
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suggesting that subscapularis repair is unlikely to be the
primary determinant of the clinical outcome in RTSA.
Regarding functional recovery, our findings are
consistent ~with  previous comparative studies
demonstrating that subscapularis repair may provide
modest functional advantages without producing
markedly superior outcomes. A recent prospective
randomized trial by Engel ef al. [18] in 2023 reported
significantly higher constant scores and improved
internal rotation in repaired patients at 12 months. On the
other hand, a retrospective comparative study by
Vourazeris et al. [19] initially observed superior
functional outcomes after repair despite finding no
significant difference in internal rotation and reported
that RTSAs with or without subscapularis repair have
similar clinical outcome scores, range of motion,
strength, and rates of instability at 3 years of follow-up.
Similarly, the meta-analysis by Corona ef al. [20] in 2021
concluded that subscapularis repair was associated with
improved Constant and American Shoulder and Elbow
Surgeons (ASES) scores, although differences in
individual range-of-motion parameters were generally
inconsistent. Despite the absence of significant
differences at any individual postoperative assessment,
repaired patients consistently demonstrated numerically
greater improvements over time. This suggests that
subscapularis repair may facilitate earlier functional
recovery rather than substantially improving ultimate
postoperative performance. External rotation represented
the only outcome for which recovery patterns were
comparable between groups. The non-significant
difference indicates that both repaired and unrepaired
patients experienced similar improvements throughout
follow-up. Biomechanically, this finding is reasonable
because the subscapularis functions as an internal rotator
and adductor, and its repair has been hypothesized to
increase resistance to external rotation [20,21]. Previous
clinical and cadaveric studies have similarly
demonstrated either reduced external rotation or
increased muscular forces required to achieve external
rotation after subscapularis repair [8,22]. Although
repaired patients in this cohort consistently demonstrated
slightly lower external rotation values, these differences
were not statistically significant, suggesting that repair
does not meaningfully compromise postoperative
external rotation in clinical practice. In this study,
although patients were followed prospectively, treatment
allocation to the repair and no repair groups was
nonrandomized, and the decision to repair or not repair
the subscapularis was determined intraoperatively based
on tissue quality and surgeon judgment. Our results
support the conclusions of the recent systematic review
and meta-analysis by Elbeshbeshy et al. [23] (2025),
which recommended repairing the subscapularis when
technically feasible while acknowledging that its effects
on shoulder function, range of motion, and complications
remain uncertain. Likewise, Werner et al. [24]
emphasized that prosthesis lateralization substantially
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modifies the biomechanical importance of the
subscapularis, underscoring the need to interpret studies
within the context of implant design. From a clinical
perspective, our findings suggest that surgeons should
not expect substantially superior 12-month functional
outcomes solely on the basis of subscapularis repair.
Nevertheless, repair may provide an advantage by
promoting a faster rate of postoperative recovery in
shoulder function and selected planes of motion without
adversely affecting external rotation. This distinction is
clinically relevant because earlier functional
improvement may facilitate rehabilitation and enhance
patient satisfaction during the recovery period, even
when long-term outcomes ultimately converge.

Study Limitations

Several limitations should be acknowledged. The
relatively small sample size may limit statistical power to
detect significant differences. Second, treatment
allocation was not randomized; the decision to repair the
subscapularis depended on intraoperative tissue quality
and surgeon preference. Finally, the single-center design
may limit the generalizability of these findings to other
patient populations and surgical practices.

Conclusion

In this prospective observational cohort study, both
repaired and unrepaired patients demonstrated
substantial improvements in shoulder function and range
of motion during the first year after RTSA. Although
subscapularis repair did not produce significantly
superior functional outcomes at any individual
postoperative time point, it was associated with
significantly faster recovery of the Constant-Murley
Score, forward flexion, abduction, and internal rotation.
External rotation improved similarly regardless of repair
status. These findings suggest that subscapularis repair,
when technically feasible, may provide an early
functional advantage without substantially altering 12-
month outcomes.
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