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Background: The evidence to support operative versus nonoperative treatment for rotator cuff tears is sparse and inconclusive.

Purpose: To assess pain and functional outcomes in patients undergoing operative and nonoperative treatments for rotator cuff
tears.

Study Design: Cohort study; Level of evidence, 3.

Methods: From March 2011 to February 2015, a multicenter cohort of patients with rotator cuff tears undergoing operative and
nonoperative treatments was recruited. Patients completed a detailed history questionnaire, the Shoulder Pain and Disability
Index (SPADI), and the American Shoulder and Elbow Surgeons (ASES) standardized form and underwent magnetic resonance
imaging. In addition to baseline assessments, patients received follow-up questionnaires at 3, 6, 12, and 18 months. Propensity
score weighting was used to balance differences in characteristics of the operative and nonoperative groups.

Results: Adjusted for propensity scores, the operative (n = 50) and nonoperative (n = 77) groups had similar characteristics, as
evidenced by the small standardized mean differences between the groups. Adjusted mean differences in the SPADI and ASES
scores between the operative and nonoperative groups were —22.0 points (95% ClI, -32.1 to -11.8) and -22.2 points (95% ClI,
-32.8 to -11.6) at 18 months, respectively. The operative group had a significantly higher proportion of patients who showed
>30% (P = .002) and >50% (P < .0001) improvement in SPADI and ASES scores as compared with the nonoperative group.

Conclusion: In this prospective cohort study, patients undergoing operative treatment had significantly better pain and functional
outcomes as compared with patients undergoing nonoperative treatment for rotator cuff tears. Differences between the 2 groups
in SPADI and ASES scores at the 6- to 18-month time points met the minimal clinically important difference (depending on the
threshold used). A large randomized controlled trial is needed to answer this question more definitively.

Keywords: rotator cuff tears; arthroscopic surgery; nonoperative

Shoulder pain accounted for 12.6 million ambulatory care vis- the 2012 American Academy of Orthopaedic Surgeons clinical
its to physician offices in 2015 in the United States.* Rotator practice guidelines,** Cochrane reviews,'>'® a report by the
cuff tears are one of the leading causes of shoulder pain Agency for Healthcare Research and Quality,! and expert
and disability and accounted for 272,148 surgical procedures reviews 293637424956 Same experts also raise concerns about
in 2006.'2%5 Nonoperative treatment and surgery are the potential for fatty degeneration and increase in the tear
offered to patients with rotator cuff tears with good outcomes size of the rotator cuff over time in patients treated
for both. 4581617212851 Hywever, the evidence base to support nonoperatively.

surgical versus nonsurgical treatment is quite small and con- In a cohort of patients with rotator cuff tears followed
flicting 2930333940 Thig paucity of evidence is highlighted in longitudinally, we assessed the comparative effectiveness

of operative versus nonoperative treatment as measured
by shoulder pain and function. Such an analysis compared

. o the outcomes of 2 treatments (operative and nonoperative)
;B;EQAE‘(E{IL’E?;O‘(;%E;%?zOf Sports Medicine while adjusting for important confounders. We hypothe-
DOI: 10.1177/0363546519873840 sized that patients undergoing surgery would have better
© 2019 The Author(s) outcomes as compared with those treated nonoperatively.
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METHODS
Patient Population

We recruited a cohort of patients with symptomatic
partial- and full-thickness rotator cuff tears in a multicen-
ter longitudinal study named the Rotator Cuff Outcomes
Workgroup (ROW). Patients aged >45 years were
recruited from sports/shoulder clinics in 3 academic set-
tings and 1 community setting between March 2011 and
February 2015. Exclusion criteria were a current shoulder
fracture, prior shoulder surgery (on the index shoulder),
and active cervical radiculopathy (elicited as neck pain
radiating to the shoulder/arm/hand). Additional details
about this cohort have been provided previously.2%%
Patients provided informed consent, and the study was
approved by our institutional review board. Patients who
met eligibility criteria, completed a baseline assessment,
and were recommended either operative or nonoperative
treatment for rotator cuff tears without crossing over
from nonoperative treatment to surgery (n = 7) were
included in this analysis (n = 127). Patients crossing over
from the nonoperative arm to surgery were excluded to
avoid contamination of treatment effects because these
patients underwent nonoperative treatment before under-
going surgery.

Structured History Questionnaire
and Outcome Measures

Patients were asked to complete a structured shoulder and
general health questionnaire at enrollment. An abbreviated
version of this questionnaire was mailed to patients around
each of the follow-up time points. Patients were asked about
their demographics, comorbidities, symptoms, smoking/
alcohol habits, and patient expectations from treatment in
the questionnaires. Patients were asked about manual labor
at their current job to obtain information on daily use of
their shoulder at work. If patients were not working, they
were instructed to provide information on manual labor at
their previous job. Because psychosocial factors are associ-
ated with treatment outcomes in patients with rotator cuff
tears,* patients completed the Fear-Avoidance Beliefs
Questionnaire (FABQ)®® to assess their fear-avoidance
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beliefs about physical activity and work in those with low
back pain. The FABQ physical activity questionnaire (4
items that contribute toward scoring) was slightly modified
for our study to state “shoulder” instead of “back.” The scale
has 24 possible points, with a higher score indicating worse
fear-avoidance behavior. The Mental Health Inventory—5
(MHI-5),” a component of the 36-item Short Form Health
Survey,’® was used to obtain information on mental health.
MHI-5 scores range from 0 to 100. A score of <68 on the
MHI-5 is indicative of a probable mood disorder (including
depression).2"%?

Shoulder pain and function were measured using the
Shoulder Pain and Disability Index (SPADI),*¢ a standardized
13-item questionnaire, and the American Shoulder and Elbow
Surgeons (ASES) standardized form,*® an 11-item question-
naire with minor modifications as described elsewhere.*!
Score ranges for the ASES and SPADI are from 0 to 100,
with higher scores reflecting worse pain and function.

Strength Testing

Strength testing was performed at the time of enrollment
using a handheld dynamometer in abduction, external
rotation, and internal rotation by trained research assis-
tants. Our detailed protocol for standardized strength test-
ing has been previously described.?®3® Strength testing
using a dynamometer has good intrarater and interrater
reliability.?° We used a ratio of affected shoulder strength
versus contralateral shoulder strength in the analysis.
There were 2 patients with a strength ratio above 3. These
patients were given a value of 3 for the strength ratio to
avoid outlying values in the analysis.

Diagnostic Imaging

Shoulder magnetic resonance imaging (MRI) scans were
read in a blinded fashion (reviewers were blinded to
patient identifying information) by consensus by 2 shoul-
der experts (N.B.J. and L.D.H., or N.B.J. and J.E.K))
(shoulder fellowship trained). Our detailed protocol for
imaging review and good interrater and intrarater reliabil-
ity for these MRI readings as compared with a reading by
a musculoskeletal radiologist have been previously
described.?*
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Diagnosis of Rotator Cuff Tear

Our algorithm for the diagnosis of a rotator cuff tear has
been previously described.?>?® A diagnosis of a rotator cuff
tear was made based on the clinical impression of
a sports/shoulder fellowship—trained attending physician
(N.B.J., JEK., JJP.W., KM.B., EM,, or L.D.H.) and evi-
dence of a structural deficit on MRI (when available). If
MRI was unavailable (because it was not clinically indi-
cated; n = 17), the diagnosis was based on the clinician’s
impression. It is important to include patients without
MRI in the analysis to avoid a spectrum bias in patients
undergoing nonoperative treatment, who in many cases do
not need imaging unless surgery is indicated.

The biceps tendon is commonly affected in patients with
rotator cuff tears. The diagnosis of a biceps tendon abnor-
mality was based on the physician’s indicating that the
patient had clinical signs and symptoms corresponding to
a biceps defect (a “yes/no” question).

Nonoperative Treatment and Surgery

Patients underwent nonoperative treatment, including
physical therapy, or rotator cuff surgery after their baseline
visit. Treatment decisions were made based on shared deci-
sion making between the physician and the patient. Physi-
cal therapy included rotator cuff strengthening, scapular
stabilization exercises, and capsular stretching. Surgery
was performed by 1 of the study surgeons, and patients
underwent postoperative rehabilitation after surgery.
Patients typically wore a sling for about 3 to 6 weeks after
surgery based on the surgeon’s preference. Patients could
receive additional interventions such as injections and med-
ications as medically indicated in either arm.

Longitudinal Follow-up

Patients were followed at approximately 3, 6, 12, and 18
months after the baseline visit. Follow-up was performed
via mail, and patients received telephone or email
reminders if they did not return the questionnaires.

Statistical Analysis

Data for this study were entered twice to minimize inaccura-
cies during data entry. If there was a discrepancy between the
2 data sets, source documentation was reviewed to resolve
them. Variables that were considered for our analysis include
those presented in Table 1. Because there were missing values
for some of the variables, we used multiple imputation using
20 data sets with the predictive mean matching method to
impute missing data for covariates.*” Propensity scores based
on variables in Table 1 were used to adjust for inherent differ-
ences in patient characteristics between the operative and
nonoperative groups because of the lack of randomization in
our cohort study. A propensity score was estimated for each
patient as the probability of undergoing surgery using multi-
variable logistic regression.®>** Weighting was performed for
each patient such that imbalances in patient characteristics
between the operative and nonoperative groups could be
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minimized. In addition to adjusting for propensity scores,
our primary models also controlled for length of follow-up
and interaction of treatment with length of follow-up. Adjust-
ing for length of follow-up is important because outcomes in
both groups will be expected to improve during follow-up
just from the natural history of rotator cuff tears. An inter-
action allows for the assessment of differential improvement
in outcomes between the operative and nonoperative groups
over time. Inverse probability weighting was used to adjust
estimates for the propensity of being in the operative versus
nonoperative group. The primary model, adjusting for pro-
pensity scores, allowed us to estimate the average treatment
effect at the population level. A 2-sided alpha level at
.05 was considered statistically significant. Statistical anal-
ysis was performed using the computing environment R
(R Core Team).

RESULTS

There were 77 patients who underwent nonoperative treat-
ment and 50 patients who underwent operative treatment
in our cohort. This included 11 patients who were recom-
mended surgery but did not undergo surgery. These
patients were included in the nonoperative arm of our
cohort. Adjusted for propensity scores, the operative and
nonoperative groups had similar characteristics, as evi-
denced by the small standardized mean differences
between the 2 groups (Table 1). The standardized mean
differences also decreased after propensity score weight-
ing, which is the desired result.

The observed SPADI (5.6 [95% CI, 2.6-8.7] for operative
and 25.7 [95% CI, 19.4-32.0] for nonoperative) (Figure 1A)
and ASES (10.4 [95% CI, 5.5-15.2] for operative and 27.1
[95% CI, 21.4-32.8] for nonoperative) (Figure 1B) scores
plateaued by 12 months of follow-up in our cohort.

Adjusted for propensity scores, the estimated difference
in SPADI scores between the operative and nonoperative
groups (operative — nonoperative) was —22.0 points (95%
CI, -32.1 to —11.8) (Table 2) at 18 months. Similarly, the
estimated difference in ASES scores between the operative
and nonoperative groups was —22.2 points (95% CI, -32.8
to —11.6) (Table 3) at 18 months. In a sensitivity analysis
with a single model adjusting for smoking, age, alcohol
use, baseline SPADI or ASES score, external rotation
strength ratio, daily shoulder use at work, trauma, fatty
infiltration, number of tendons torn, MHI-5 score, patient
expectations, and thickness of tear, undergoing operative
treatment versus nonoperative treatment showed a differ-
ential effect over time, with visits at 6, 12, and 18 months
for the operative group having lower SPADI and ASES
scores than at the 3-month visit (P < .01).

In an analysis of >30% improvement from baseline in
SPADI and ASES scores, a significantly higher proportion
of patients undergoing operative treatment improved ver-
sus those undergoing nonoperative treatment (SPADI:
90% vs 57%, respectively [chi-square P = .002]; ASES:
88% vs 61%, respectively [chi-square P = .002]) (Tables 4
and 5). Similarly, when >50% improvement from baseline
in SPADI and ASES scores was used, a significantly higher
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TABLE 1
Baseline Characteristics of Patients Undergoing Operative and Nonoperative
Treatments Before and After Propensity Score Weighting®

Before Weighting After Weighting
Operative (n = 50) Nonoperative (n = 77) SMD Operative (n = 50) Nonoperative (n = 77) SMD
Sex, % 0.257 0.017
Female 38.0 50.6 45.6 44.7
Male 62.0 49.4 54.4 55.3
Age,b y 59.3 £ 89 63.8 = 8.3 0.534 61.5 = 8.3 61.1 = 85 0.038
Highest level of education, % 0.019 0.101
Less than college 33.3 34.2 31.6 36.4
College or above 66.7 65.8 68.4 63.6
Marital status, % 0.139 0.032
Single/divorced/widowed 22.0 28.0 275 26.1
Married 78.0 72.0 72.5 73.9
Shoulder symptoms and strength
Symptom duration, mo 22.6 + 40.6 23.9 = 54.3 0.048 25.3 = 46.3 27.2 + 57.7 0.035
Dominant shoulder affected, % 0.041 0.023
No 229 24.7 29.0 30.1
Yes 77.1 75.3 71.0 69.9
Daily shoulder use at work, % 0.154 0.008
Light/no manual labor 75.5 81.8 79.9 79.6
Heavy/moderate manual labor 245 18.2 20.1 20.4
Traumatic tear,” % 0.266 0.055
No 46.0 59.2 47.9 45.2
Yes 54.0 40.8 52.1 54.8
SPADI score at baseline 55.0 + 20.5 44.2 + 23.1 0.493 49.1 + 20.7 49.6 + 21.6 0.025
External rotation strength ratio®* 0.5 +0.3 0.8 0.5 0.768 0.7 £ 0.3 0.7+ 0.3 0.105
Isolated abduction strength ratio® 0.9 +0.2 0.9 = 0.2 0.110 09 +0.2 0.9 + 0.2 0.041
Comorbidities and social history
No. of comorbidities, % 0.280 0.048
<1 58.0 44.2 48.9 51.3
>1 42.0 55.8 51.1 48.7
Smoking status, % 0.026 0.002
Never 50.0 48.7 47.2 47.3
Past/current 50.0 51.3 52.8 52.7
Alcohol use, % 0.389 0.015
<2-3 times per month 37.5 56.6 50.8 51.6
>1-2 times per week 62.5 434 49.2 484
FABQ physical activity score® 19.0 = 4.3 164 + 6.1 0.495 17.9 = 48 176 = 4.8 0.050
MHI-5 score 80.5 + 16.9 80.3 = 14.9 0.013 82.1 + 14.8 81.6 + 16.0 0.035
Patient expectations after treatment,” % 0.762 0.067
Great improvement 94.0 65.3 87.4 85.2
Moderate/little/no improvement or worse 6.0 34.7 12.6 14.8
Biceps tendinitis/tenosynovitis, % 0.003 0.060
No 70.0 70.1 72.1 74.7
Yes 30.0 29.9 279 25.3
Tear characteristics on MRI?
Cross-sectional area of tear,”* mm? 14.5 + 19.3 7.9 +15.3 0.376 16.3 + 22.5 17.2 + 21.7 0.039
Thickness of tear,’” % 0.841 0.005
Partial-thickness 10.4 45.2 15.2 15.4
Full-thickness 89.6 54.8 84.8 84.6
Presence of fatty infiltration,? % 0.362 0.147
No 54.8 71.9 51.6 58.9
Yes 45.2 28.1 484 41.1
No. of torn tendons,” % 0.224 0.083
1 60.4 71.0 53.0 57.1
2o0r3 39.6 29.0 47.0 42.9
Tendon retraction,” % 0.414 0.032
Stage I or not applicable” 60.4 79.0 60.5 58.9
Stage II or more 39.6 21.0 39.5 41.1

“Data are presented as mean + SD unless otherwise specified. Data are presented after multiple imputation for missing values was performed. Missing before imputation:
daily shoulder use at work, n = 1; alcohol use, n = 3; highest level of education, n = 3; smoking status, n = 3; traumatic tear, n = 6; patient expectations after treatment, n = 2;
symptom duration, n = 5; dominant shoulder affected, n = 6; marital status, n = 2; external rotation strength ratio, n = 8; isolated abduction strength ratio, n = 10; MHI-5
score, n = 2; FABQ physical activity score, n = 5; SPADI score at baseline, n = 7; and cross-sectional area of tear, n = 27. FABQ, Fear-Avoidance Beliefs Questionnaire; MHI-5,
Mental Health Inventory—5; MRI, magnetic resonance imaging; SMD, standardized mean difference; SPADI, Shoulder Pain and Disability Index.

®Variable was significantly different between the 2 groups before weighting.

“Strength ratio was measured as affected shoulder versus unaffected shoulder.

9MRI information was available for 110 patients; fatty infiltration and muscle atrophy were determined from computed tomography in 2 patients, who were included in
the analysis but not in the table.

“Tear size was determined by the sum of supraspinatus and infraspinatus tears in longitudinal or transverse planes for full-thickness tears only.

/If any of the tendons had a full-thickness tear, the tear was classified as full-thickness.

SFatty infiltration was reported for muscles most severely affected.

"t was not applicable because the tear was partial-thickness.
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Figure 1. (A) Observed Shoulder Pain and Disability Index
(SPADI) scores with 95% Cls of operative and nonoperative
treatments over 18 months of follow-up. (B) Observed Amer-
ican Shoulder and Elbow Surgeons (ASES) scores with 95%
Cls of operative and nonoperative treatments over 18 months
of follow-up.

proportion of patients undergoing operative treatment
improved versus those undergoing nonoperative treatment
(SPADI: 86% vs 44%, respectively [chi-square P < .0001];
ASES: 84% vs 45%, respectively [chi-square P < .0001])
(Tables 4 and 5).

Sensitivity analyses were performed by excluding 17
patients missing MRI information to make the diagnosis
of a rotator cuff tear. Results from these sensitivity analy-
ses showed similar results to our primary analyses for the
SPADI and ASES.

DISCUSSION

We assessed the comparative effectiveness of operative ver-
sus nonoperative treatment for rotator cuff tears in a well-
characterized cohort of patients recruited from academic
and community settings. Our results show that over an
18-month follow-up period, patients undergoing surgery
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TABLE 2
Propensity Score—Adjusted Differences in
SPADI Score Between Operative and Nonoperative
Treatments at Follow-up Time Points®

Estimated Difference (95% CI)

3 mo 13.0 (3.4 to 22.1)

6 mo -17.0 (—26.6 to —7.2)
12 mo —27.0 (—36.4 to —17.2)
18 mo -22.0 (—32.1 to —11.8)

“SPADI, Shoulder Pain and Disability Index.

TABLE 3
Propensity Score—Adjusted Differences in
ASES Score Between Operative and Nonoperative
Treatments at Follow-up Time Points®

Estimated Difference (95% CI)

3 mo 9.9 (0.1 to 19.9)

6 mo -14.8 (—25.5 to —4.2)
12 mo -19.0 (—29.6 to —8.5)
18 mo —22.2 (—32.8 to —11.6)

“ASES, American Shoulder and Elbow Surgeons.

had significantly improved pain and functional outcomes,
as measured by the SPADI and ASES, compared with those
undergoing nonoperative treatment. The difference between
the groups was sustained over the duration of the study
after the first 3 months. When assessed as a 30% or 50%
change in SPADI or ASES scores from baseline, patients
undergoing surgery had a significantly higher proportion
meeting these outcome improvement benchmarks.

Our study was designed to be a cohort study. Given the
nonrandomized nature of a cohort study, it has inherent
bias in patients who undergo operative versus nonopera-
tive treatment.®! We used propensity score methodology,
as has been previously described,'®?! to control for con-
founding by indication. This method accounts for differen-
ces in the likelihood of patients with certain characteristics
to undergo operative versus nonoperative treatment and
weights each patient in the cohort to balance the 2 groups.
The gold-standard study design for minimizing bias is
a randomized controlled trial. Thus, even though we
have used advanced methodology in this comparative effec-
tiveness study to adjust for indication bias, our results
should be interpreted with caution.

There is substantial literature on pain and functional
improvements after operative and nonoperative
treatments.t? Surgical studies generally report favorable
outcomes but do not have a nonoperative comparison
group.t? Similarly, studies on nonoperative treatment
show improved symptoms and function over 12 to 24 weeks
but do not have a surgical comparison group. There are 3

TtReferences 4-6, 10, 16, 17, 21, 28, 35, 43, 51.
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TABLE 4
Improvement in SPADI Score Between Operative and Nonoperative Treatments During 18 Months of Follow-up®

Improvement From Baseline Operative, n (%)

Nonoperative, n (%)

P Value (Operative vs Nonoperative)

<30% 5 (10)
>30% 45 (90)
<50% 7(14)
>50% 43 (86)

26 (34) .002
44 (57)

36 (47) <.0001
34 (44)

“Missing for nonoperative: n = 7 (9%). SPADI, Shoulder Pain and Disability Index.

TABLE 5
Improvement in ASES Score Between Operative and Nonoperative Treatments During 18 Months of Follow-up®

Improvement From Baseline Operative, n (%)

Nonoperative, n (%)

P Value (Operative vs Nonoperative)

<30% 5 (10)
>30% 44 (88)
<50% 7 (14)
>50% 42 (84)

27 (35) .002
47 (61)

39 (51) <.0001
35 (45)

“Missing for operative: n = 1 (2%); missing for nonoperative: n = 3 (4%). ASES, American Shoulder and Elbow Surgeons.

published small randomized trials on operative versus non-
operative treatment for rotator cuff tears.2?3%3° Moos-
mayer et al®® had clinically relevant study entry criteria
such as the exclusion of subscapularis tendon tears and
prior shoulder tendon surgery and the inclusion of only
full-thickness tears. Their trial showed a statistically sig-
nificant improvement in the operative versus nonoperative
group, as measured by the Constant score'® (13-point dif-
ference) and the visual analog scale for pain (1.7-cm differ-
ence). Recently, results from 2- and 5-year follow-up of this
cohort were presented.?° The difference in Constant scores
between the operative and nonoperative groups in an
intention-to-treat analysis was 2.6 (95% CI, —-3.1 to 8.3)
at 2 years and 5.3 points (95% CI, —0.1 to 10.7) at 5 years
of follow-up. Thus, differences between the 2 groups were
not statistically significant.

Kukkonen et al?® randomized 173 patients with supra-
spinatus tears into 3 groups: physical therapy; physical
therapy and acromioplasty; and rotator cuff repair, acro-
mioplasty, and physical therapy. They reported no statisti-
cally significant differences in Constant scores at 12
months of follow-up across the 3 groups. After 2 years of
follow-up, results again showed no difference in clinical
outcomes between the 3 groups.>°

Lambers Heerspink et al®® randomized 56 patients with
degenerative full-thickness tears and at 12 months of
follow-up reported no significant difference in Constant-
Murley scores between the surgery group and conservative
care group. Although differences in visual analog scale for
pain and disability scores between the 2 groups were sta-
tistically significant, these differences were small and
unlikely to meet clinical significance. In our study, surgery
had significantly superior outcomes as compared with non-
operative treatment at all follow-up time points except for
3 months. At the 3-month time point, patients who under-
went surgery were still recovering from the operative pro-
cedure, and hence, it is not surprising that they had not

improved. The differences in SPADI scores at the time
points from 6 to 18 months between the operative and non-
operative groups were greater than the reported minimal
clinically important difference (MCID) of 8 to 13.2 points
for the SPADI.?2%857 A range of MCID values including
6.2-13.9, 12-17, 17.9, 21.9, and 26.9 points have been
reported for the ASES.!%59% Depending on the MCID
threshold used for the ASES, some of the differences
between the 2 groups cross the threshold between 6 and
18 months.

The limitations of our study include a relatively small
sample size given the complexity of modeling, lack of a pri-
ori sample size calculation, missing MRI information in 17
patients, and unavailability of complete data at all of the
time points. We were also limited by a cohort study design
as opposed to a randomized controlled trial. We did not
exclude patients with a history of arthritis (osteoarthritis
or inflammatory), isolated subscapularis tears, adhesive
capsulitis, or infections from our study, although the
patient’s primary diagnosis had to be a rotator cuff tear
to be included in the study. We are unaware of the reliabil-
ity of the FABQ for rotator cuff tears. The shared decision-
making process for treatment and a surgical protocol was
not standardized for the study.

In our prospective cohort study, surgery had signifi-
cantly better pain and functional outcomes as compared
with nonoperative treatment for rotator cuff tears. Differ-
ences between the 2 groups in SPADI and ASES scores
(depending on the MCID threshold used) at the 6- to 18-
month time points met the MCID. Thus, the pain and func-
tional differences observed between the 2 groups in our
study meet statistical significance and are clinically mean-
ingful. An analysis with >30% and >50% improvement in
SPADI and ASES scores from baseline also yielded similar
results, with surgery significantly superior to nonoperative
treatment. Although we present data from a well-designed
cohort study and use advanced methodology, a large
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randomized controlled trial is needed to answer this ques-
tion more definitively.
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