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Background: Composite patient-reported outcome measures (PROMs) following reverse total shoulder arthroplasty (rTSA)
are widely used to assess postoperative outcomes, yet individual items targeting overhead strength recovery are rarely
analyzed in isolation.

Hypothesis: We hypothesized that while composite American Shoulder and Elbow Surgeons (ASES) and Simple Shoulder
Test (SST) scores would improve reliably following rTSA, patients would continue to report poor improvement in overhead
strength-specific questionnaire items when treated for rotator cuff-deficient shoulder conditions.

Methods: This is a retrospective review of patients who underwent primary rTSA for either massive rotator cuff tear
without arthritis or rotator cuff tear arthropathy between 2017-2023. ASES and SST patient reported outcome measures
(PROMs) were collected preoperatively and at one-year postoperative follow-up. Patients answering “unable” or “very
difficult” for ASES question 14 (ASES14) were deemed to have poor self-reported strength. Similarly, a negative answer for
SST question 7 (SST7) was used as a proxy for poor self-reported strength. Univariate analysis was used to evaluate
statistical significance comparing preoperative and postoperative PROMs. Multivariate logistic regression models were
used to identify predictors of improvement in self-reported overhead strength for both ASES and SST PROMs.

Results: (ASES) Preoperatively, 96% (66/69) of patients self-reported poor strength by ASES14. Of those, only 52% (34/66)
improved in self-reported ability to lift >10lbs overhead at one-year postoperative follow-up. (SST) Preoperatively, 96%
(46/48) self-reported poor strength. Of those, only 35% (16/46) improved in self-reported ability to lift >8lbs to the level of
the top of the head with the elbow straight at one-year postoperative follow-up. Multivariable logistic regression of age, sex
and presence or absence of subscapularis repair demonstrated male sex as the only significant variable influencing self-
reported strength improvement by ASES14.

Conclusion: This study demonstrates unreliable clinical improvement in patient-reported overhead strength at 1-year post-
rTSA despite significant improvement in overall ASES (p<0.0001) and SST (p<0.0001) scores. Male sex was associated
with self-report improvement in overhead strength as queried by ASES question 14, while age and subscapularis repair
were not. Neither sex, age, nor subscapularis repair were associated with self-report strength improvement by SST
question 7. These results can help guide specific aspects of preoperative counselling as patients consider rTSA for cuff
deficient shoulder pathologies.

What this study adds to existing knowledge: This study quantifies a clinically recognized limitation of reverse total
shoulder arthroplasty for rotator cuff–deficient conditions: improvement in composite PROM scores does not consistently
translate into recovery of patient-reported overhead strength.

How this study might affect research, practice, or policy: This study can help guide patient preoperative counseling about
the likelihood of strength improvement after reverse total shoulder arthroplasty for rotator cuff deficient indications.

Study Design: Retrospective Review

Level of Evidence: IV
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Introduction

Reverse total shoulder arthroplasty (rTSA) reliably improves

pain and function postoperatively, particularly in patients with

degenerative shoulder pathologies [1][2][3][4][5][6][7][8].

Enhanced shoulder function is theorized to occur with rTSA

via constraint and deltoid optimization; however, both

subjective and objective postoperative strength outcomes

are uncommonly reported as an outcome measure.

Overhead shoulder strength, defined as the ability to elevate

and sustain a load with the arm above shoulder height, is a

fundamental yet underappreciated component of shoulder

function that may be distinct from pain, motion, or composite

outcome scores. In a systematic review of objective strength

testing after shoulder arthroplasty, anatomic and reverse

total shoulder arthroplasty were associated with only modest

strength gains, with abduction improving by 0.4 to 4.9 kg and

external rotation by 1.0 to 1.8 kg, and postoperative strength

commonly remaining below normative values that may not

be perceptible to patients [9]. Preoperative strength has

similarly been associated with postoperative outcomes after

rTSA, with weaker patients generally demonstrating greater

improvement [2]. Isokinetic testing after reverse shoulder

arthroplasty has shown persistent abduction, adduction, and

rotational torque deficits that correlate with clinical outcome

scores [10]. Despite this evidence that strength recovery after

rTSA is variable and often limited, objective strength testing

is not routinely incorporated into outcome reporting. The

majority of the current rTSA literature reports composite

PROMs scores, which may mask self-reported postoperative

strength deficiencies. In a systematic review of PROMs after

shoulder arthroplasty, over 25 different PROM tools were

utilized, with the American Shoulder and Elbow Surgeons

(ASES) score, Constant score, visual analog scale of pain,

and SST being the most commonly reported [11].

Additionally, as each questionnaire is limited to a single self-

reported overhead strength question, total SST and ASES

scores can reach greater than 90% of normal, even if patients

report the worst possible self-reported overhead shoulder

strength [12][13].

The aim of this study was to analyze patient self-reported

overhead strength after primary rTSA for cuff-deficient

indications. We hypothesized that ASES and SST scores

would improve reliably after rTSA but that patients would

report poor improvement in the specific overhead strength

questions from these outcome measures when treated for

rotator cuff deficient shoulder conditions.

Materials and Methods

Study Design and Population

This study is a retrospective review of a single shoulder

surgeon’s patient reported outcomes measures (PROM)

collected prospectively in an institutional registry database.

The Institutional Review Board at our Institution deemed this

study as exempt (2025-1091-EX-v2.7488). Inclusion criteria

were primary rTSA for either massive rotator cuff tear

without arthritis or rotator cuff tear arthropathy performed

during registry data collection (May 2017 to May 2023).

Exclusion criteria were rTSA for non-cuff deficient conditions

(e.g. glenohumeral osteoarthritis, inflammatory arthritis,

fracture), less than one year of follow-up, and those who did

not complete both preoperative baseline and 1-year follow-up

ASES and SST questionnaires.

ASES and SST questionnaires were collected prospectively at

preoperative and one-year postoperative follow-up time

points. Patients answering “unable” or “very difficult” for ASES

question 14 (ASES14) “Is it difficult for you to lift 10lbs (4.5kg)

above your shoulder?” were deemed to have poor self-

reported overhead strength. Similarly, a negative answer for

SST question 7 (SST7), “Can you lift 8 pounds (a full gallon

container) to the level of your shoulder without bending your

elbow?” was used as a proxy for poor self-reported overhead

strength.

Surgical Technique

All rTSAs were performed by a single fellowship-trained

shoulder surgeon through a standard deltopectoral approach

with the patient in the beach chair position. A reverse

shoulder prosthesis was implanted in all cases using a

lateralized glenosphere medialized (inlay) humerus design

philosophy. Subscapularis repair was performed when

feasible and recorded as a surgical variable. All components

were implanted using standard technique with attention to

appropriate glenosphere positioning to minimize the risk of

scapular notching and optimize postoperative function.

Rehabilitation Protocol

Postoperatively, all patients underwent a standardized

postoperative physical therapy protocol. Patients were

immobilized for four weeks with early gentle passive range of

motion with forward flexion and external rotation. Home-

based physical therapy with active range of motion exercises

was initiated at four weeks postoperatively. Strengthening

exercises were initiated at 12 weeks postoperatively for all

patients.

Statistical Methodology

Standard univariate analysis was used to evaluate statistical

significance comparing preoperative and postoperative

PROMs (satisfaction, ASES and SST scores) and specific

patient and surgical factors influencing postoperative
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outcomes. Multivariate logistic regression models were used

to identify predictors of improvement in self-reported

overhead strength for both ASES and SST PROMs. The

statistical models were adjusted for sex, age, and

subscapularis repair. Statistical analysis was performed

using JMPsoftware (Version 13.2; SAS Corp, Cary, NC).

Statistical significance was considered when P < 0.05.

Results

One hundred and forty-one patients were identified for

potential inclusion during the study period. Of one hundred

and forty-one patients identified for potential inclusion, sixty-

nine patients (48.9%) and forty-eight patients (34.0%) were

ultimately included in the ASES and SST groups, respectively.

Demographic and surgical data, as well as composite ASES

and SST scores and improvements are seen in Table 1. No

demographic differences between patients who completed

ASES and SST questionnaires were found.

Table 1. Demographic characteristics, surgical variables, and outcome measures of patients treated
with reverse total shoulder arthroplasty for rotator cuff-deficient conditions.

ASES SST p

N 69 48

Demographic Characteristics

Age at treatment, mean (range) 71 (46–94) 70 (52–87) 0.756

Sex 0.726

Female 31 (44.9%) 20 (41.7%)

Male 38 (55.1%) 28 (58.3%)

Race 0.89

White 60 (87.0%) 42 (87.5%)

Black or African American 2 (2.9%) 2 (4.2%)

American Indian or Alaskan 0 (0.0%) 0 (0.0%)

Other Race 7 (10.1%) 4 (8.3%)

Surgical Variables

Subscapular Take Down

N 54 37

Subscapularis Peel 32 (59.3%) 18 (48.6%)

Subscapularis Tenotomy 22 (40.7%) 19 (51.4%)

Subscapular Management

N 53 36

Repaired 22 (41.5%) 13 (36.1%)

Not Repaired 31 (58.5%) 23 (63.9%)

Outcome Measures

Overall Composite Score

Preop 38% (n=69) 27% (n=48)

1-Year Postop 74% (n=67) 66% (n=47)

Delta (between pre-postop) 35% (n=67) 38% (n=47)

*denotes statistically significant p-value <0.05. ASES = American Shoulder and Elbow Surgeons; SST = Simple Shoulder Test. n

= number of patients.
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Figure 1. Results of American Shoulder and Elbow Surgeon question 14 (ASES14) regarding self-reported overhead strength

preoperatively and one year postoperatively after reverse total shoulder arthroplasty.

Table 2. A multivariate logistic regression of patient and surgical factors predicting self-reported
overhead strength at one year postoperatively, based on response to ASES question 14.

Patient Factors ASES Odds Ratio Confidence Interval p Value

Age (65-74: <65) 0.36 0.07-1.85 0.220

Age (75≥: <65) 0.33 0.06-1.75 0.190

Sex (M:F) 3.48 1.03-11.68 0.044*

Subscapularis repair (Y:N) 1.58 0.46-5.40 0.462

*denotes statistically significant p-value <0.05. ASES=American Shoulder and Elbow Surgeon; F=female; M=male; Y=yes; N=no.

American Shoulder and Elbow Surgeon (ASES) Score

Preoperatively, 96% (66/69) of patients self-reported poor

strength by ASES14. Of those self-reporting poor

preoperative strength, only 51.5% (34/66) self-reported the

ability to lift greater than 10lbs above the shoulder at 1-year

postoperative follow-up (95% CI, 36.8-60.3) (Figure 1).

A multivariable logistic regression including age, sex, and

presence or absence of subscapularis repair demonstrated

that male sex was the only statistically significant variable

influencing self-reported strength at one-year postoperative

follow-up, with males being 3.48 times more likely to report

improved overhead strength than females as denoted by a

positive response to ASES14 (OR 3.48, 95% CI 1.03–11.68,

p=0.044) (Table 2). This finding likely reflects greater deltoid

muscle mass and residual rotator cuff muscle volume in

males, which may contribute to improved self-reported

overhead strength following rTSA for cuff-deficient

indications [1].

Simple Shoulder Test (SST) Score

Preoperatively, 96% (46/48) of patients self-reported poor

strength by SST7. Of those with self-reporting inability to lift

more than 8lbs with the elbow straight to the level of the

shoulder preoperatively, 34.8% (16/46) self-reported the

ability to do so at 1-year postoperative follow-up (95% CI,

22.7-49.3) (Figure 2).
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Figure 2: Results of Simple Shoulder Test question 7 (SST7) regarding self-reported overhead strength preoperatively and one

year postoperatively after reverse total shoulder arthroplasty.

Table 3. A multivariate logistic regression of patient and surgical factors predicting self-reported
overhead strength at one year postoperatively, based on response to SST question 7.

Patient FactorsSST Factors Odds Ratio Confidence Interval p Value

Age (60-74: <60) 0.81 0.12-5.56 0.827

Age (75≥: <60) 1.40 0.17-11.26 0.752

Sex (M:F) 5.08 0.97-26.89 0.055

Subscapularis repair (Y:N) 0.70 0.14-3.46 0.665

*denotes statistically significant p-value <0.05. SST=Simple Shoulder Test; F=female; M=male; Y=yes; N=no.

A multivariable logistic regression including age, sex and

presence or absence of subscapularis repair demonstrated

no statistically significant variable influencing self-reported

strength at one-year postoperative follow-up (Table 3).

Discussion

Composite ASES and SST scores improved significantly at

one-year following rTSA for rotator cuff-deficient indications;

however, self-reported overhead strength improvement was

inconsistent, confirming our hypothesis. Male sex was the

only independent predictor of improved overhead strength,

which may reflect sex-based differences in deltoid muscle

mass and residual rotator cuff volume. These findings

suggest that composite PROMs scores alone may mask

clinically meaningful deficiencies in overhead strength

recovery following rTSA, underscoring the importance of

evaluating individual PROM items rather than composite

scores alone when counseling patients on expected

functional outcomes.

A biomechanical rationale may explain this inconsistency. A

musculoskeletal modeling study has shown that although

rTSA increases the middle deltoid moment arm in early and

mid-abduction, the deltoid contributes only 9% to 38% of

elevation torque in terminal abduction, where the

infraspinatus and subscapularis generate up to 80% [14].

Loaded overhead function after rTSA thus remains

dependent on residual rotator cuff function, muscles that are

compromised in our cuff-deficient cohort, which may explain

why composite scores improved without reliable recovery of

overhead strength.
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This dissociation is supported by the objective strength

literature. A systematic review found that although strength

improves after rTSA, gains are modest and often

imperceptible, with abduction strength increasing only 0.4 to

4.9 kg and each study falling below the published MCID [9].

Because our analysis relied on self-reported strength, this

concordance suggests the limited overhead recovery reflects

a true, subthreshold functional gain rather than a

questionnaire artifact.

The composite SST and ASES scores can substantially mask

strength limitations. Even with the worst possible self-

reported overhead strength (ASES14 and SST7), composite

ASES and SST scores can still exceed 90%, well above the

minimal clinically important difference (MCID) for shoulder

arthroplasty [15] [MD9.1]. In the present study, the composite

ASES and SST scores improved to 74% (from 34%

preoperatively, p<0.0001) and 65% (from 23% preoperatively,

p<0.0001), respectively. Using an anchor-based method, a

prior study determined that a 21-point and 2.4-point

improvement in ASES and SST scores, respectively, were

required to achieve MCID after shoulder arthroplasty[15]

[MD10.1].

Interpretation of these thresholds is itself uncertain, as a

systematic review reported wide variability in MCID,

substantial clinical benefit, patient acceptable symptom

state, and maximal outcome improvement values across the

rTSA literature (ASES MCID 6.2–21; SST 1.4–3.58) [16].

These instruments are further limited by ceiling effects, with

ceiling scores reported in 34.1% of rTSA patients for the SST

and 13.3% for the ASES [12], and comparable effects after

cuff repair that raise the risk of type II error [13]. Composite

scores may therefore overestimate recovery in specific

domains such as overhead lifting, for which no dedicated

PROM exists.

While ASES14 and SST7 are similar questions, they have

nuanced differences. SST7 specifically asks about raising the

arm with the elbow straight, a more mechanically demanding

task than that queried by ASES14; additionally, SST7 is binary

(yes or no), whereas ASES14 is answered along a spectrum

of difficulty (0–3 Likert scale). Even with a relatively small

sample, perceived strength appeared to be influenced by

question phrasing, as 53.6% (37/69) of patients reported

good strength at one year by ASES14 (no elbow-position

requirement) compared with 37.5% (18/48) by SST7

(requiring the elbow to remain straight). This aligns with

biomechanical evidence that muscle contributions to

elevation vary markedly across the arc of abduction [14], so

small differences in weight, elbow position, and elevation

angle may alter perceived strength. Item-level analysis also

has precedent, as prior work has separately modeled

individual ASES and SST overhead questions [17].

The association between male sex and overhead strength

improvement aligns with prior evidence that sex influences

rTSA recovery. In a large multicenter cohort, men had better

postoperative SST, UCLA, Constant, ASES, and SPADI scores

and greater motion than women [18] and higher ceiling-score

rates have been reported in men [12]. Sex-related differences

in deltoid mass, residual cuff quality, and functional reserve

may thus influence both global and task-specific recovery.

Subscapularis repair, by contrast, was not associated with

improved overhead strength; this does not diminish its

importance, as biomechanical work has identified it as a key

compensator in terminal abduction [14], but rather indicates

that a binary repair variable cannot capture tendon healing,

muscle quality, or neuromuscular function.

Our results, limited self-reported overhead strength after

rTSA, are consistent with published literature. Several studies

have highlighted the lack of correlation between patient

satisfaction and objective strength outcomes after rTSA15-

18. One study evaluating patient-reported outcomes

(PROMs) for primary rTSA across multiple etiologies found

that patient satisfaction did not correlate with self-reported or

clinical objective outcomes, such as global clinical outcomes,

Simple Shoulder Test (SST), Constant-Murley score, or range

of motion (ROM) [19]. Despite 93% of patients being

“substantially satisfied,” many patients had significant ROM

and strength deficits [19]. Similarly, another study found no

association between PROMs and objective upper limb

movement data collected through accelerometers at 12

months postoperatively after rTSA, suggesting that perceived

strength improvement may be more reflective of patient

experience than of objective functional change [3]. A separate

study following 78 patients post-rTSA, the majority of whom

were treated for rotator cuff pathology, found that patients

were overall able to maintain a relatively high level of physical

activity except for activities that involved overhead actions

such as golf, swimming, and heavy lifting, again highlighting

the caveats and shortcomings after rTSA [20].

Similar improvement in ASES and SST composite scores for

rotator cuff-deficient conditions has been reported at 2-years

post-rTSA, with an average increase to 75% (from 34%

preoperatively) in the ASES score and an increase to 62%

(from 23% preoperatively) in the SST score [21]. The ASES

and SST are validated PROMs with one question each

regarding self-reported overhead strength [22][23][24][25].

Improvement in the composite scores highlights the

maintained satisfaction postoperatively despite limited

improvement in self-reported overhead strength and

emphasizes how the composite score can mask the limited

improvement in postoperative strength. However, it is

important to note that the ASES and SST PROMS are only

validated as composite scores and drawing conclusions

regarding shoulder outcomes from a single question should
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be limited [22][23][24][25]. While these are subjective and self-

reported PROMs, which come with its own inherent biases

and limitations, continuing to utilize and explore these widely

adopted PROMs present a clinical tool that can be further

explored in terms of patient-reported overhead strength and

associated satisfaction [26][27][28].

Limitations

There are several limitations within this study. This is a

retrospective review of prospectively collected data. The

results of this study are limited by a small sample size, with a

significant number of patients excluded due to lack of 1-year

follow-up PROMs. Additionally, while ASES and SST PROMs

are well adopted and validated in outcome studies of

shoulder pathology, there are inherent limitations and biases

based on the self-reporting nature of the questionnaires, and

the absence of objective clinical examination and in-person

strength testing limits the validity of strength-related

conclusions. Objective strength gains after rTSA are

themselves modest [9], supporting the plausibility of these

self-reported findings. One-year follow-up was selected as

the assessment time point; although most recovery after

rTSA occurs by 6 to 12 months [18], overhead function may

decline slowly thereafter [17], and this short duration may not

capture the long-term trajectory of strength recovery. Future

studies should correlate ASES14 and SST7 responses with

objective strength testing at longer follow-up. Furthermore,

this study was limited to rotator cuff-deficient indications,

which precludes meaningful comparison with patients

undergoing rTSA for glenohumeral osteoarthritis; future

studies comparing self-reported overhead strength outcomes

across rTSA indications would provide valuable comparative

data.

Conclusion

This study demonstrates unreliable clinical improvement in

patient-reported overhead strength at one-year post-rTSA.

Despite significant improvement in overall composite ASES

(p<0.0001) and SST (p<0.0001) scores, only one-third to one-

half of patients reported self-reported overhead strength

improvement at one year, depending on how the question is

phrased. Male sex was associated with self-reported

improvement in overhead strength as queried by ASES

question 14, while age and subscapularis repair were not.

Neither sex, age, nor subscapularis repair were associated

with self-reported strength improvement by SST question 7.

These results can help guide specific aspects of preoperative

counseling as patients consider rTSA for cuff-deficient

shoulder pathologies.

Open access statement

This is an open-access article distributed under the terms of

the Creative Commons Attribution Non-Commercial (CC BY-

NC 4.0, see https://creativecommons.org/licenses/by-

nc/4.0/) licence, which permits the sharing and adapting

work, as long as it is for non-commercial purposes and

proper credit is given to the original creator.

Funding Statement

This research received no specific grant from any funding

agency in the public, commercial, or not-for-profit sectors.

Conflict of Interest Statement

Briana Pompa-Hogan, Mikalyn T. DeFoor, Reyhan  Meetheen,

and James K. Aden: These authors, their immediate family,

and any research foundation with which they are affiliated did

not receive any financial payments or other benefits from any

commercial entity related to the subject of this article.

Andrew J. Sheean and Robert U. Hartzler: These authors,

their immediate family, and any research foundation with

which they are affiliated did not receive any financial

payments or other benefits from any commercial entity

related to the subject of this article. For complete disclosure

information, please refer to the American Academy of

Orthopaedic Surgeons (AAOS) disclosure database.

References

1. Gabig AM, Burkhart SS, Denard PJ, Proffitt JM, Hartzler
RU. Similar Value Demonstrated in the Short-Term
Outcomes of Superior Capsular Reconstruction and
Reverse Shoulder Arthroplasty for Massive Rotator Cuff
Tears. Arthrosc Sports Med Rehabil. 2023;5(1):e249-e55.

2. Hao KA, Wright TW, Schoch BS, Wright JO, Dean EW, Struk
AM, et al. Association Between Preoperative Shoulder
Strength and Clinical Outcomes After Primary Reverse
Total Shoulder Arthroplasty. J Am Acad Orthop Surg.
2022;30(9):e730-e40.

3. Edwards PK, Ebert JR, Morrow MM, Goodwin BM, Ackland
T, Wang A. Accelerometry evaluation of shoulder
movement and its association with patient-reported and
clinical outcomes following reverse total shoulder
arthroplasty. J Shoulder Elbow Surg. 2020;29(11):2308-
18.

4. Nolan BM, Ankerson E, Wiater JM. Reverse total shoulder
arthroplasty improves function in cuff tear arthropathy.
Clin Orthop Relat Res. 2011;469(9):2476-82.

5. Hao KA, Wright TW, Schoch BS, Wright JO, Dean EW, Struk
AM, et al. Rate of improvement in shoulder strength after
anatomic and reverse total shoulder arthroplasty. JSES
Int. 2022;6(2):247-52.

6. Puskas B, Harreld K, Clark R, Downes K, Virani NA, Frankle
M. Isometric strength, range of motion, and impairment
before and after total and reverse shoulder arthroplasty. J
Shoulder Elbow Surg. 2013;22(7):869-76.

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


The Hive - Musculoskeletal Journal 8/8

7. Ogrodzka-Ciechanowicz K, Kurzeja P, Sorysz T.
Assessment of Isokinetics and Range of Motion of the
Shoulder in Patients after Reverse Shoulder Arthroplasty
in the Late Follow-Up Period. J Clin Med. 2023;12(23).

8. Seth B. Wilson AJS, Jordan A. Haber, Erryk Katayama,
Louis Barry, John Barnett, George Durisek, Mitchell Borin,
Amogh I. Iyer, Akshar V. Patel, Gregory L. Cvetanovich,
Julie Y. Bishop, Ryan C. Rauck,. Clinical evaluation of
patients over the age of 75 receiving either anatomic or
reverse total shoulder arthroplasty: a single-institution
retrospective analysis. Seminars in Arthroplasty: JSES,.
2024.

9. Pluta NA, Littleford K, Kotzur T, et al. Minimal
improvements in objective shoulder strength following
shoulder arthroplasty: a systematic review. J Shoulder
Elbow Surg. 2026;35(2):634-642.

10. Alta TD, Veeger HE, Janssen TW, Willems WJ. Are
shoulders with a reverse shoulder prosthesis strong
enough? A pilot study. Clin Orthop Relat Res.
2012;470(8):2185-2192.

11. Cronin KJ, Magnuson JA, Murphy ML, Unger RZ, Jacobs
CA, Blake MH. Responsiveness of patient-reported
outcomes in shoulder arthroplasty: what are we actually
measuring? J Shoulder Elbow Surg. 2021;30(5):1174-80.

12. Schoch BS, King JJ, Fan W, et al. Characteristics of
anatomic and reverse total shoulder arthroplasty patients
who achieve ceiling scores with 3 common patient-
reported outcome measures. J Shoulder Elbow Surg.
2022;31(8):1647-1657.

13. Jo YH, Lee KH, Jeong SY, Kim SJ, Lee BG. Shoulder
outcome scoring systems have substantial ceiling effects
2 years after arthroscopic rotator cuff repair. Knee Surg
Sports Traumatol Arthrosc. 2021;29(7):2070-2076.

14. Pandy MG, Yang K, Guan S, Schmidt II CM, Frankle MA.
Effect of reverse shoulder arthroplasty design on deltoid
and rotator cuff function in abduction. J Shoulder Elbow
Surg. 2026;35(6):1605-1617.

15. Tashjian RZ, Hung M, Keener JD, Bowen RC, McAllister J,
Chen W, et al. Determining the minimal clinically
important difference for the American Shoulder and
Elbow Surgeons score, Simple Shoulder Test, and visual
analog scale (VAS) measuring pain after shoulder
arthroplasty. J Shoulder Elbow Surg. 2017;26(1):144-8.

16. Yendluri A, Alexanian A, Lee AC, Megafu MN, Levine WN,
Parsons BO, Kelly JD 4th, Parisien RL. The variability of
MCID, SCB, PASS, and MOI thresholds for PROMs in the
reverse total shoulder arthroplasty literature: a systematic
review. J Shoulder Elbow Surg. 2024;33(10):2320-2332.

17. Schoch BS, Vigan M, Roche CP, Parsons M, Wright TW,
King JJ, Werthel JD. Deltoid fatigue: a longitudinal
assessment of reverse shoulder arthroplasty over time. J
Shoulder Elbow Surg. 2021;30(6):1375-1383.

18. Friedman RJ, Cheung EV, Flurin PH, Wright T, Simovitch
RW, Bolch C, Roche CP, Zuckerman JD. Are Age and
Patient Gender Associated With Different Rates and
Magnitudes of Clinical Improvement After Reverse
Shoulder Arthroplasty? Clin Orthop Relat Res.
2018;476(6):1264-1273.

19. Roy JS, Macdermid JC, Goel D, Faber KJ, Athwal GS,
Drosdowech DS. What is a Successful Outcome Following
Reverse Total Shoulder Arthroplasty? Open Orthop J.
2010;4:157-63.

20. Lawrence TM, Ahmadi S, Sanchez-Sotelo J, Sperling JW,
Cofield RH. Patient reported activities after reverse
shoulder arthroplasty: part II. J Shoulder Elbow Surg.
2012;21(11):1464-9.

21. Cuff D, Pupello D, Virani N, Levy J, Frankle M. Reverse
shoulder arthroplasty for the treatment of rotator cuff
deficiency. J Bone Joint Surg Am. 2008;90(6):1244-51.

22. Godfrey J, Hamman R, Lowenstein S, Briggs K, Kocher M.
Reliability, validity, and responsiveness of the simple
shoulder test: psychometric properties by age and injury
type. J Shoulder Elbow Surg. 2007;16(3):260-7.

23. Roy JS, Macdermid JC, Faber KJ, Drosdowech DS, Athwal
GS. The simple shoulder test is responsive in assessing
change following shoulder arthroplasty. J Orthop Sports
Phys Ther. 2010;40(7):413-21.

24. Michener LA, McClure PW, Sennett BJ. American Shoulder
and Elbow Surgeons Standardized Shoulder Assessment
Form, patient self-report section: reliability, validity, and
responsiveness. J Shoulder Elbow Surg. 2002;11(6):587-
94.

25. Furtado R, Bobos P, Ziebart C, Vincent J, MacDermid J.
Patient-reported outcome measures used for shoulder
disorders: An overview of systematic reviews. J Hand
Ther. 2022;35(2):174-85.

26. Schmidt S, Ferrer M, González M, González N, Valderas
JM, Alonso J, et al. Evaluation of shoulder-specific
patient-reported outcome measures: a systematic and
standardized comparison of available evidence. J
Shoulder Elbow Surg. 2014;23(3):434-44.

27. Richards RR, An KN, Bigliani LU, Friedman RJ, Gartsman
GM, Gristina AG, et al. A standardized method for the
assessment of shoulder function. J Shoulder Elbow Surg.
1994;3(6):347-52.

28. Matsen FA, 3rd, Ziegler DW, DeBartolo SE. Patient self-
assessment of health status and function in
glenohumeral degenerative joint disease. J Shoulder
Elbow Surg. 1995;4(5):345-51.


