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Background: Clinically significant outcome (CSO) benchmarks have been previously established for shoulder arthroplasty by assimi-
lating preoperative diagnoses and arthroplasty types. The purpose of this study was to establish unique CSO thresholds and compare the
time-to-achievement of these for reverse shoulder arthroplasty (RSA) for osteoarthritis (GHOA), RSA for rotator cuff arthropathy
(RCA), and total shoulder arthroplasty (TSA) for GHOA.
Materials and Methods: Consecutive patients who underwent elective RSA for GHOA, TSA for GHOA, or RSA for RCA between
February 2015 and May 2020, with 2-year minimum follow-up, were retrospectively identified from a prospectively maintained single
surgeon registry. The American Shoulder and Elbow Surgeons (ASES) score was administered preoperatively and postoperatively at 2-
week, 6-week, 3-month, 6-month, 1-year, and 2-year timepoints. Satisfaction and subjective overall improvement anchor questionnaires
were administered at the time of final follow-up. Distribution-based methods were used to calculate the Minimal Clinically Important
Difference (MCID), and anchor-based methods were used to calculate the Substantial Clinical Benefit (SCB) and the Patient Acceptable
Symptom State (PASS) for each patient group. Median time to achievement, individual incidence of achievement at each time point, and
cumulative incidence of achievement calculated using Kaplan–Meier survival curve analysis with interval censoring were compared
between groups for each CSO. Cox-regression analyses were also performed to determine which patient factors were significantly asso-
ciated with early or delayed achievement of CSOs.
Results: There were 471 patients eligible for study analysis: 276 RSA for GHOA, 107 TSA for GHOA, and 88 RSA for RCA. The
calculated MCID, SCB, and PASS scores differed for each group. There were no significant differences in median time to achievement
of any CSO between groups. Log-rank testing revealed that cumulative achievements significantly differed between groups for MCID
(P ¼ .014) but not for SCB (P ¼ .053) or PASS (P ¼ .620). On cox regression analysis, TSA patients had earlier achievement of SCB,
whereas TSA and RSA for GHOA patients had earlier achievement of MCID. At 2-years, a significantly higher percentage of RSA for
GHOA patients achieved MCID and SCB compared to RSA for RCA (MCID:100%, 95.5%, P ¼ .003, SCB:94.6%, 86.4%, P ¼ .036).
Conclusion: Calculated CSO thresholds differ according to preoperative diagnosis and shoulder arthroplasty type. Patients undergoing
TSA and RSA for GHOA achieve CSOs earlier than RSA for RCA patients, and a significantly higher percentage of RSA for GHOA
patients achieve CSOs by 2 years compared to RSA for RCA patients.
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The volume of shoulder arthroplasty performed in the
United States has dramatically increased in recent years,
largely due to increased use of reverse total shoulder
arthroplasty (RSA) for varying indications.2 The RSA was
initially introduced as a salvage option for patients with the
destructive sequalae of rotator cuff dysfunction, termed
rotator cuff arthropathy (RCA).3,14 However, improvements
in RSA techniques and implant design have resulted in its
expanding indications, including primary glenohumeral
osteoarthritis with an intact rotator cuff
(GHOA).11,14,17,24,29 Although early reports of RSA for
patients with RCA demonstrated relatively modest func-
tional results,3,4 emerging evidence has shown that RSA
affords substantially better outcomes in the setting of
GHOA.8,24 These findings, coupled with the comparatively
higher cumulative revision rates after anatomic total
shoulder arthroplasty (TSA), have solidified RSA as a
reasonable alternative for the treatment of GHOA.11

The shoulder arthroplasty literature generally reports the
functional success of a procedure in terms of patient-
reported outcome measures (PROMs) at generally accepted
postoperative time points when maximal improvement is
thought to be achieved.13,15,21 The rate of recovery and
consistency of achieving these results are less often
explored.5,13,19 PROMs provide valuable insight to patient’s
pain and function, and may be readily compared in clinical
studies.22 However, the magnitude of improvement repre-
sented by changes in PROM scores is difficult to mean-
ingfully conceptualize for patients and providers.10

Reporting differences in PROMs over time or between
groups in terms of statistical significance may also be
misleading without additional clinically relevant insight to
the magnitude of difference seen.10 Clinically significant
outcome (CSO) thresholds such as the minimal clinically
important difference (MCID), substantial clinical benefit
(SCB), and patient acceptable symptoms state (PASS)
address these limitations. MCID and SCB represent
changes in a PROM score that correlate to the smallest
perceivable difference, and substantial or optimal subjec-
tive improvement, respectively.20,25,26,28,30 PASS represents
a PROM outcome score that is deemed satisfactory to the
patient, irrespective of their preoperative state.28 Appro-
priate derivation and application of these CSOs requires
patients to have an identical diagnosis and procedure(s)
performed.10 MCID, SCB, and PASS previously estab-
lished for RSA have conflated patients with the dissimilar
diagnoses of RCA and GHOA.12 The recent study by
Drager et al applied such previously established CSOs to
their own patient cohort to compare TSA and RSA (single
group containing patients with RCA or GHOA diagnoses),
concluding that TSA patients achieved these CSOs more
consistently and at faster rates compared to RSA patients.7

Despite this conclusion, a diagnosis of GHOA was 1 of 2
variables significantly associated with earlier achievement
of CSOs after RSA (Hazard Ratio (HR): 2.471, 2.696), and
a diagnosis of RCA was 1 of 3 variables significantly
associated with longer time to achievement (HR: 0.497).7

Delineating the outcome profiles of different, increas-
ingly utilized shoulder arthroplasty types, and preoperative
diagnoses in patient-centered and clinically-relevant terms
is critical to guide patient expectations as well as for the
surgeon to evaluate the quality of surgical intervention. The
purpose of this study was to establish unique CSO thresh-
olds and to compare the time-to-achievement of these for
RSA for GHOA, RSA for RCA, and TSA for GHOA.
Methods

This was a retrospective cohort study approved by our institutional
review board (IRB) prior to its onset. Consecutive patients who
underwent either a primary TSA for GHOA, RSA for GHOA, or
RSA for RCA between 1/22/2015 and 11/1/2020 were identified
from a prospectively maintained electronic registry (OBERD,
Columbia, MO, USA). All procedures were performed by a single
fellowship-trained shoulder surgeon. The American Shoulder
Elbow Surgeons (ASES) score was administered preoperatively
and postoperatively at 2 weeks, 6 weeks, 3 months, 6 months,
1 year, and 2 years after surgery. Patients also completed a sub-
jective satisfaction and overall improvement questionnaire at 2-
year minimum follow-up. Patients were excluded if they had a
prior ipsilateral shoulder arthroplasty procedure, had a primary
diagnosis for surgery other than GHOA or RCA, did not complete
a preoperative and 2-year minimum follow-up ASES question-
naire, did not have available preoperative advanced imaging
(computed tomography [CT] or magnetic resonance imaging
[MRI]), or did not complete the subjective and overall improve-
ment questionnaire at 2-year minimum follow-up.

The ASES questionnaire is routinely administered to all pa-
tients in our practice prior to surgery by a trained research assis-
tant at the time of their preoperative office visit. The questionnaire
is additionally administered to all patients at each postoperative
time point and completed electronically. The questionnaire was
available for completion 2 weeks prior to and 2 weeks after their
specified postoperative time point. Patients were sent automatic e-
mail reminders weekly to complete their questionnaires. The
ASES questionnaire compliance rate for the entire cohort at each
time point was as follows: 92.5% at 2 weeks, 94.5% at 6 weeks,
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88.1% at 3 months, 43.1% at 6 months, 88.6% at 1 year, and 100%
at 2 years. The overall subjective improvement questionnaire
contained the following prompt, ‘‘Compared to preoperatively,
how would you rate the overall pain and function of your shoulder
now?’’. The answer choices were ‘‘much worse’’, ‘‘worse’’, ‘‘the
same’’, ‘‘better’’, and ‘‘much better’’. The satisfaction question-
naire asked, ‘‘How satisfied are you currently with the outcome of
your shoulder replacement surgery?’’ The answer choices were
‘‘very unsatisfied’’, ‘‘unsatisfied’’, ‘‘neutral’’, ‘‘satisfied’’, and
‘‘very satisfied’’. Preoperative MRI or CT as well as operative
notes were reviewed to confirm rotator cuff status in the GHOA
groups and to verify the preoperative diagnosis. Patients who had
irreparable rotator cuff tears with or without superior glenoid
erosion and acromiohumeral interval narrowing were determined
to have a preoperative diagnosis of rotator cuff arthropathy, and
exclusively had an RSA performed. Patients with intact rotator
cuff tendons (tendinopathic or not) and osteoarthritis with an
acromiohumeral interval distance within normal range received
either TSA or RSA. The decision to receive TSA or RSA for these
patients with GHOA was predicated on age, functional status,
degree of glenoid deformity, and ultimately surgeon and patient
preference after appropriate counseling. The following de-
mographic and clinical variables were also extracted: age, sex,
body mass index (BMI), American Society of Anesthesiologists
(ASA) score, history of prior ipsilateral shoulder surgery,
depression, and preoperative range-of-motion (forward flexion,
external rotation).

The study groups were defined by their preoperative diagnosis
and shoulder arthroplasty type: TSA, RSA for GHOA, and RSA
for RCA. The MCID, SCB, and PASS values were established for
each group using previously established anchor-based methods.
For MCID development, the delta ASES scores (2-year score
minus preoperative score) were used for patients who answered
‘‘the same’’ or ‘‘worse’’ on the subjective overall improvement
questionnaire and compared to those who answered ‘‘better’’. For
SCB development, the delta ASES scores for patients who
answered ‘‘the same’’ or ‘‘worse’’ on the subjective overall
improvement questionnaire was compared to those who answered
‘‘much better’’. For PASS development, 2-year postoperative
ASES score among patients who answered ‘‘neutral’’ or ‘‘unsat-
isfied’’ on the satisfaction questionnaire was compared to those
who answered, ‘‘satisfied’’ or ‘‘very satisfied’’. Nonparametric
receiver operative characteristic (ROC) curves were developed for
each patient group. The Youden Index was used to determine
thresholds for each score that optimized the sensitivity and spec-
ificity for each MCID, SCB, and PASS value.23 In order to eval-
uate the predictive power of the ROC curves, an area under the
curve (AUC) analysis was performed for each. If the AUC was
calculated to be 0.7 or greater, then the predictive power of that
threshold was determined to be acceptable, and greater than 0.8
was deemed excellent. If the AUC analysis determined the pre-
dictive power of a ROC curve for a SCB or PASS value to be
unacceptable, that CSO threshold value was not included for
further analysis. For MCID specifically, if an unacceptable AUC
was calculated, distribution-based methods were utilized by
calculating one-half the standard deviation of the study pop-
ulation’s mean delta (preoperative – 2 year postoperative) ASES
score (which has been consistently demonstrated to equal the
threshold of discrimination for change in a health outcome mea-
sure), as previously described.6,18,20 Both methods for deriving
MCID values have been demonstrated to be acceptable, and use of
multiple strategies has been suggested to enhance the interpret-
ability of any particular instrument.9

Relevant demographic and clinical characteristics were
compared across the 3 groups using chi-square or ANOVA testing,
as indicated. Each patient’s postoperative ASES score was sub-
sequently reviewed to determine whether or not the group specific
MCID/SCB/PASS thresholds were achieved at each postoperative
time point. The median time required to achieve MCID/SCB/
PASS was calculated as the earliest time-point at which each
patient achieved an ASES score meeting the respective threshold.
These times were compared across groups using a Kruskal–Wallis
test. Next, chi-squared tests and posthoc Tukey testing was used to
compare cumulative percentages of patients in each group that
achieved MCID/SCB/PASS at each time-point. Kaplan–Meier
survival curves with interval censoring were constructed (inverse
curves with ‘‘survival’’ denoting failure to achieve the respective
threshold) for each group to demonstrate the cumulative per-
centages of patients achieving MCID/SCB/PASS at each follow-
up time point. Patients with missing ASES scores at a given time-
point were included in the analysis but considered to be non-
achievers of MCID/SCB/PASS at that specific time-point. Dif-
ferences in survival curves between the 3 groups were assessed
with log-rank tests. Cox-regression analyses were performed to
determine which patient factors were significantly associated with
early or delayed achievement of MCID/SCB. These factors
included patient age, sex, BMI, patient group (TSA, RSA for
GHOA, or RSA for RCA), history of depression, history of prior
ipsilateral shoulder surgery, and preoperative ASES score. Results
of these regression are presented as hazard ratios (HRs) with 95%
confidence intervals (CIs). Statistical significance was denoted as
a P < .05.
Results

In total, there were 471 patients eligible for study analysis:
276 RSA for GHOA, 107 TSA for GHOA, 88 RSA for
RCA. Patients in the TSA for GHOA group were signifi-
cantly younger (60.8, 70.9, 70.8 years, P < .001), more
often male (60.7% 40.9%, 45.4%, P ¼ .002), and had better
preoperative active forward elevation (101�, 93�, 89�,
P ¼ .016) than the RSA for GHOA and RSA for RCA
groups, and patients receiving RSA for RCA more often
had previous ipsilateral shoulder surgery relative to RSA
for GHOA and TSA for GHOA patients (58.1%, 17.3%,
33.0%, P < .001). There were no significant differences
among the 3 groups in BMI, ASA score, depression, pre-
operative external rotation, or preoperative ASES score
(Table I). There were 14 postoperative surgical complica-
tions overall. In the TSA for GHOA group there were 2
patients with postoperative rotator cuff tears, 1 patient with
instability, and 1 patient with heterotopic ossification for-
mation. In the RSA for GHOA group, there were 2 patients
with acromial stress fractures, 1 patient with traumatic
baseplate failure, and 1 patient sustained an ipsilateral
clavicle fracture postoperatively. In the RSA for RCA
group, there were 4 acromial stress fractures and 2 patients
with instability.



Table I Baseline comparison of patient demographic and clinical characteristics

Parameter TSA RSA for GHOA RSA for RCA P value

Age at surgery, yr 60.8 (7.6) 70.9 (5.6) 70.8 (6.9) <.001*

Male sex 65 (60.7%) 113 (40.9%) 40 (45.4%) .002*

BMI 29.9 (5.5) 30.3 (6.3) 29.5 (4.9) .580
ASA >2 16 (15.8%) 67 (24.3%) 20 (22.7%) .170
Depression 22 (20.6%) 69 (25.0%) 18 (20.5%) .520
Prior ipsilateral shoulder surgery 32 (33.0%) 46 (17.3%) 50 (58.1%) <.001*

Preoperative ASES score 38.6 (18.6) 38.6 (17) 35.5 (18.3) .320
Preoperative ROM

Forward elevation 100.2 (23.8) 92.2 (30.8) 88.2 (33.2) .016*

External rotation 28.8 (12.7) 27.6 (17.6) 27.5 (20.9) .840

TSA, anatomic total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; GHOA, glenohumeral osteoarthritis; RCA, rotator cuff arthropathy; BMI,

body mass index; ASA, American Society of Anesthesiologists comorbidity score; ASES, American Shoulder and Elbow Surgeons score; ROM, active range

of motion.
* Represents statistical significance at a ¼ 0.05; n (%) represents count and frequency for categorical variables, and averages with standard deviations

for continuous variables.
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The MCID thresholds for each group were initially
calculated using anchor-based methods; however, the pre-
dictive power of each of these thresholds was deemed un-
acceptable (AUC ¼ <70%), and thus distribution methods
were employed to derive each MCID value. The MCID for
TSA for GHOA, RSA for GHOA, and RSA for RCA were
calculated as 11.2, 10.4, and 12.0, respectively (Table II).
The calculated PASS values for the RSA for RCA group
was deemed to have unacceptable predictive power
(AUC ¼ 0.69), and thus was not included for further
analysis. However, the PASS values for TSA and RSA for
GHOA were deemed acceptable; 67.5 (AUC ¼ 0.91) and
69.1 (AUC ¼ 0.95), respectively (Table II). The SCB
thresholds for TSA for GHOA, RSA for GHOA, and RSA
for RCA all had acceptable predictive power on AUC
analysis and were calculated as 21.9 (AUC ¼ 0.90), 28.3
(AUC ¼ 0.92), and 23.1 (AUC ¼ 0.81), respectively (Table
II).

There were no significant differences in median time to
achievement of any CSO between patients receiving TSA
for GHOA, RSA for GHOA, and RSA for RCA (SCB: 3.0,
3.0, 3.0 months, P ¼ .761; MCID: 1.5, 1.5, 1.5 months,
P ¼ .063; PASS: 1.5 and 1.5 months, P ¼ .219). However,
Log-rank tests revealed that the survival curves for each
group significantly differed for MCID (P ¼ .014) but did
not significantly differ for SCB (P ¼ .053) or PASS
(P ¼ .615) (Fig. 1). There were significant differences be-
tween the groups in the cumulative percentage of patients
achieving SCB at 6 months (P < .001) and MCID at
3 months (P ¼ .022) (Table II). Posthoc testing revealed a
significantly higher cumulative percentage of patients in the
RSA for GHOA group who reached SCB by 6 months
(91.7%) compared to the TSA (80.4%, P ¼ .002) and RSA
for RCA groups (72.7%, P < .001). Additionally, after
posthoc testing, a significantly higher percentage of RSA
for GHOA patients cumulatively achieved MCID at
3 months compared to RSA for RCA (3 months: 89.9, 79.5,
P ¼ .011) (Table III). There were no significant differences
in the percentage of patients that achieved PASS at any
time points between the RSA for GHOA and TSA patients.
At 2-year follow-up, there were significant differences in
the percentage of patients achieving MCID and SCB be-
tween groups; posthoc testing revealed a significantly
higher percentage of RSA for GHOA patients achieved
MCID and SCB compared to RSA for RCA (MCID: 100%,
95.5%, P ¼ .003, SCB: 94.6%, 86.4%, P ¼ .010) (Table
III).

On cox regression analysis, male sex (HR 1.27, 95% CI
1.04-1.55, P ¼ .020), TSA for GHOA (HR 1.54, 95% CI
1.10-2.18, P ¼ .013), and RSA for GHOA (HR 1.35, 95%
CI 1.03-1.75, P ¼ .027) were significantly associated with
earlier achievement of MCID, whereas prior ipsilateral
shoulder surgery (HR 0.75, 95% CI 0.59-0.94, P ¼ .012)
and higher preoperative ASES score (HR 0.97, 95% CI
0.96-0.98, P < .001) were significantly associated with
delayed achievement of MCID (Table IV). For SCB, male
sex (HR 1.32, 95% CI 1.07-1.62, P ¼ .009), older age (HR
1.02, 95% CI 1.01-1.04, P ¼ .009), and TSA (HR 1.44,
95% CI 1.01-2.05, P ¼ .047) were significantly associated
with earlier achievement, whereas prior ipsilateral shoulder
surgery (HR 0.77, 95% CI 0.60-0.98, P ¼ .036), and higher
preoperative ASES score (HR 0.97, 95% CI 0.96-0.97,
P < .001) were significantly associated with delayed
achievement (Table V).
Discussion

The results of this study establish distinct MCID, SCB, and
PASS values for patients undergoing TSA for GHOA, RSA
for GHOA, and RSA for RCA. Using these thresholds, it
was found that patients undergoing TSA and RSA for



Table II CSO thresholds by group

CSOs TSA RSA for GHOA RSA for RCA

MCID 11.2 10.4 12.0
SCB (AUC/Sens/Spec) 21.9 (0.90/0.80/0.88) 28.3 (0.92/1.00/0.96) 23.1 (0.81/1.00/0.94)
PASS (AUC/Sens/Spec) 67.5 (0.91/1.00/0.94) 69.1 (0.95/0.71/0.87) 51.7 (0.69/0.94/0.67)

CSO, clinically significant outcome; TSA, anatomic total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; GHOA, glenohumeral osteoarthritis;

RCA, rotator cuff arthropathy; MCID, minimal clinically important difference; SCB, substantial clinical benefit; PASS, patient acceptable symptom state.

Figure 1 Cumulative proportion of patients achieving (A) MCID (B) PASS and (C) SCB following RSA for GHOA, TSA for GHOA, and
RSA for RCA. The population survival curves significantly differed by group for (A) MCID (P ¼ .014) but did not significantly differ for
(B) PASS (P ¼ .615) or (C) SCB (P ¼ .053). (A) The cumulative percentage of patients achieving MCID significantly differed between
groups at 3 months and 2 years. (B) The calculated PASS value for the RSA for RCA group was deemed to have unacceptable predictive
power (AUC ¼ 0.69), and thus was not included for analysis. There were no significant differences in the percentage of patients that
achieved PASS at any time points between the RSA for GHOA and TSA patients. (C) The cumulative percentage of patients achieving SCB
significantly differed between groups at 6 months and 2 years.
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GHOA achieve CSOs earlier than RSA for RCA patients,
and a significantly higher percentage of RSA for GHOA
patients achieve CSOs by 2-years compared to RSA for
RCA patients.
There were several notable limitations to this study. This
study was designed to establish patient-centered CSOs and
to compare the time to achievement among the identified
groups. The goal was to create generalizable data for patient



Table III Between group comparisons of percentage of patients

Achieving CSO thresholds at each time-point

Parameter TSA RSA for GHOA RSA for RCA P value

2 weeks
MCID (%) 49.5 42.1 35.2 .133
SCB (%) 19.6 20.7 17.0 .760
PASS (%) 7.5 7.2 - .940

6 weeks
MCID (%) 72.0 70.3 58.0 .063
SCB (%) 45.8 41.7 39.8 .670
PASS (%) 29.0 29.3 - .940

3 mo
MCID (%) 90.7 89.9 79.5 .022*

SCB (%) 70.1 75.7 63.6 .760
PASS (%) 78.5 74.3 - .390

6 mo
MCID (%) 92.5 94.6 88.6 .160
SCB (%) 80.4 91.7 72.7 <.001*

PASS (%) 85.0 84.4 - .880
1 yr

MCID (%) 97.2 98.9 94.3 .056
SCB (%) 87.9 91.7 85.2 .180
PASS (%) 97.2 94.6 - .280

2 yr
MCID (%) 98.1 100 95.5 .003*

SCB (%) 90.7 94.6 86.4 .036*

PASS (%) 98.1 97.1 - .440

TSA, anatomic total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; GHOA, glenohumeral osteoarthritis; RCA, rotator cuff arthropathy; MCID,

minimal clinically important difference; SCB, substantial clinical difference; PASS, patient acceptable symptom state; CSO, clinically significant

outcome.
* Represents statistical significance at a ¼ 0.05.

Table IV Cox regression analysis for factors associated with earlier

Achievement of MCID

Variable HR 95% CI for HR P value

Lower Upper

Sex (male) 1.27 1.04 1.55 .021*

Age 1.02 1.00 1.03 .053
Depression 0.96 0.76 1.21 .731
BMI 0.99 0.98 1.01 .536
Prior shoulder surgery 0.75 0.59 0.94 .012*

Preop ASES score 0.97 0.96 0.98 <.001*

TSAy 1.54 1.10 2.18 .013*

RSA for GHOAy 1.35 1.03 1.75 .027*

MCID, minimal clinically important difference; HR, hazard ratio; CI, confidence interval; BMI, body mass index; ASES, American Shoulder and Elbow

Surgeons; TSA, anatomic total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; GHOA, glenohumeral osteoarthritis.
* Denotes statistical significance.
y Reference category set as RSA for rotator cuff arthropathy.
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counseling and shared decision making. These data are not
intended to guide the choice of surgical treatment (TSA vs.
RSA) as the patient populations are not necessarily
comparable. As such, the patients were not matched which
may confound the results of the group comparisons. Patients
were evaluated based on surgical procedure and operative



Table V Cox regression analysis for factors associated with earlier

Achievement of SCB

Variable HR 95% CI for HR P value

Lower Upper

Sex (male) 1.32 1.07 1.62 .009*

Age 1.02 1.01 1.04 .009*

Depression 0.90 0.70 1.15 .390
BMI 1.00 0.98 1.02 .980
Prior shoulder surgery 0.77 0.60 0.98 .036*

Preop ASES score 0.97 0.96 0.97 <.001*

TSAy 1.44 1.01 2.05 .047*

RSA for GHOA 1.31 0.99 1.73 .060

SCB, substantial clinical benefit; HR, hazard ratio; CI, confidence interval; BMI, body mass index; ASES, American Shoulder and Elbow Surgeons;

TSA, anatomic total shoulder arthroplasty; RSA, reverse shoulder arthroplasty; GHOA, glenohumeral osteoarthritis.
* Denotes statistical significance at a ¼ 0.05.
y Reference category set as RSA for rotator cuff arthropathy.
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indication rather than specific patient factors such as range
of motion or degree of bony deformity. Additionally, the
high-rate of noncompliance at the 6-month time point (RSA
for OA: 55.1%, RSA for RCA: 53.4%, TSA: 64.5%,
P ¼ .19) may have introduced a degree of measurement bias
and is a limitation of our study. However, the significant
finding at the 6-month time-point was regarding cumulative
achievement up to that point. Thus, the nonresponders at 6-
months were inconsequential if they had already achieved
the outcome of interest (SCB) at prior time-points. Another
limitation is that we did not use an adjusted P value to
correct for multiple comparisons, as is done with the Bon-
ferroni correction method. However, given that our study is
retrospective without a-priori defined analyses and is purely
exploratory rather than confirmatory for final decision
making, we felt that it was not necessary to perform such
corrections.1,27 Doing so can increase the chance for type 2
errors and be diminutive to the power of an analysis.27

Nonetheless, it remains possible that some of our signifi-
cant results may be due to chance, and this exploratory work
should serve as a pilot for future studies.

All surgeries in this study were performed by a single
high-volume shoulder surgeon, which may limit the
external validity of our results. Finally, we did not report
postoperative imaging or objective range-of-motion mea-
surements, which limits our ability to offer complete ex-
planations of our results.

A multitude of prior studies have sought to establish
CSO thresholds for shoulder arthroplasty procedures.12 In a
recent systematic review, Kolin et al identified several
concerns regarding the substantial inconsistency and vari-
ability in how MCIDs were calculated and reported.12 This
review included 24 studies that calculated unique ASES
MCID scores which varied widely from 6.3 to 29.5.12 One
of the most notable explanations for this variability were
the different methodologies used to calculate the MCID.
Among the included studies, 37% used anchor-based
methods, 26% used distribution-based methods, and 37%
used alternative or arbitrary methods.12 Distribution and
anchor-based methods are both widely accepted modes of
deriving CSOs, with the latter being limited when calcu-
lated for smaller populations.10,12 For this reason, assessing
the predictive power of CSO thresholds using AUC analysis
is indicated whenever using anchor methods.6,10,20 If the
AUC is <0.7, the discriminative ability of the MCID
threshold is unacceptable, and an alternative method should
be used.6 An additional explanation for the variability in
reported MCID values is the conflation of TSA and RSA
patients in 25% of the MCID calculations, and GHOAwith
RCA in all studies that reported MCIDs for RSA.12 This
limits each prior MCID calculation for TSA and RSA, since
CSOs should be calculated separately for patient cohorts
with different diagnoses and interventions. By avoiding
these noted shortcomings of these prior studies, our study
attempted to improve the internal and external validity of
CSOs established for TSA and RSA.

There is increasing evidence suggesting that RSA af-
fords vastly improved outcomes when performed in the
setting of GHOA compared to RCA. Saini et al compared
198 RSA for GHOA to 113 RSA for RCA patients and
found a >10-point difference in postoperative ASES
scores, in favor of RSA for GHOA.24 Additionally, a
diagnosis of RCA was found to be the single largest pre-
dictor of postoperative ASES scores on multivariable
analysis.24 Similarly, the study by Forlizzi et al found that a
diagnosis of GHOA was the strongest predictor of
achieving an excellent outcome, whereas RCAwas strongly
predictive of having a poor outcome after RSA.8 In a study
by Matsen et al that evaluated 275 patients who received a
shoulder arthroplasty procedure, they found that a humeral
head not elevated on preoperative AP radiograph was
independently predictive of a ‘‘better’’ outcome, defined as
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an increase in the SST score of at least 30% of their
maximal improvement based on preoperative SST scores.16

The study by Lindbloom et al previously compared the
outcomes among RSA patients according to preoperative
diagnosis.14 They found that compared to 221 RCA pa-
tients, the 129 with GHOA had 10-point greater improve-
ment in ASES score from preoperative to 2-year
postoperative. The reason for these notable differences in
outcomes has been ascribed to improved force coupling and
dynamic stability providing improvements in range of
motion (ROM) with activity in patients with GHOA.
Additionally, patients with RCA have a higher likelihood of
sustaining postoperative acromial stress fractures, which is
known to compromise postoperative outcomes. Despite
this, complications such as acromial stress fractures were
not significantly associated with time related achievement
of CSOs in our study. This is likely due to these patients
achieving CSOs at time points prior to developing an
acromial stress fracture.

Prior studies comparing the time-related rate of recovery
following TSA vs RSA have had mixed results. The study
by Levy et al showed that RSA may result in less consistent
and more variable postoperative recovery by comparing
average PROM scores between groups at multiple consec-
utive postoperative time points.13 These results were
corroborated by Drager et al by comparing cumulative
percentage of achievement of CSOs at multiple consecutive
postoperative time points.7 In contrast, Simovitch et al
concluded that patients achieve improvements in PROMs
and ROM that are, for the most part very similar, but with
improvements in ROM favoring TSA.26 However, their
results suggest that Constant scores and forward elevation
changes are greater after RSA, whereas improvements in
external rotation were greater after TSA.26 These in-
consistencies may be attributed to the considerable differ-
ences in preoperative pain and function in patients with
RCA, which are often much worse than in patients with
GHOA.24 Therefore, the improvements in PROMs and
ROM reported by Levy et al should be interpreted within
the context of their absolute postoperative score as well as
their percentage of maximal improvement [ie, a patient
with a preoperative ASES score of 10 and postoperative
score of 40 (30 point improvement, w33% maximum
outcome improvement) compared to a preoperative score of
80 with a postoperative score of 90 (10 point improvement,
50% maximum outcome improvement)]. Notably, this
study along with the 2 aforementioned studies by Drager
et al and Levy et al pooled the diagnoses of GHOA and
RCA in their RSA groups.7,13,26
Conclusion
Calculated CSO thresholds differ according to preoper-
ative diagnosis and shoulder arthroplasty type. Patients
undergoing TSA and RSA for GHOA achieve CSOs
earlier than RSA for RCA patients, and a significantly
higher percentage of RSA for GHOA patients achieve
CSOs by 2 years after surgery compared to RSA for
RCA patients.
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