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Background: The evidence in support of operative versus nonoperative management of rotator cuff tears (RCTs) is limited, based
primarily on observational studies of lower scientific merit.

Purpose: To (1) compare the efficacy of operative versus nonoperative management of full-thickness RCTs across time and
(2) detect variables that predict success within each group.

Study Design: Cohort study; Level of evidence, 2.

Methods: We included patients with symptomatic full-thickness RCTs who were enrolled in an institutional shoulder registry.
Patient enrollment began in 2009 and continued until early 2018. The following outcome measures were collected at baseline, then
6 months, 1 year, and annually up to 5 years postoperatively: Western Ontario Rotator Cuff Index (WORC), American Shoulder and
Elbow Surgeons (ASES) score, Veterans RAND 12-ltem Health Survey (VR-12) mental and physical component subscales (MCS
and PCS, respectively), 100-point Single Assessment Numeric Evaluation (SANE) rating, and 100-point visual analog scale (VAS)
for pain and for patient satisfaction. We performed regression models for all outcome variables across all 5 years of follow-up and
included the following predictor variables: treatment type (operative vs nonoperative), sex, age, symptom duration, smoking
status, diabetes status, injury side, and obesity status.

Results: A total of 595 patients were included. Longitudinal mixed-effects regression revealed that patients who received oper-
ative treatment did better across time on all outcomes. Women (n = 242; 40.7%) did not fare as well as did men on the ASES,
WORGC, or VR-12 PCS. Older patients tended to improve less on the VR-12 PCS and more on the VR12-MCS. Patients with longer
symptom duration at baseline had better scores across time on the ASES, WORC, VAS for pain, and SANE. Current or recent
smokers and patients with diabetes tended to have lower scores on all measures across time. For changes in scores from baseline,
patients in the operative group improved to a larger degree out to 3 years compared with those in the nonoperative group.

Conclusion: Patients with RCTs tended to improve regardless of whether they received operative or nonoperative treatment, but
patients who underwent operative treatment improved faster. There appear to be several predictors of improved and worsened
outcomes for patients with RCTs undergoing operative or nonoperative treatment.

Keywords: rotator cuff tears; operative treatment; nonoperative treatment; prognostic factors; regression modeling.

Rotator cuff disease is one of the most common musculo- the baby boomer generation, we can expect the prevalence

skeletal disorders in the adult population.*® Nearly
20 million Americans reported shoulder pain in 2012 alone,
establishing shoulder pain second only to knee pain in prev-
alence of joint pain. Imaging and cadaveric studies have
revealed that >30% of individuals aged >60 years will have
a full-thickness rotator cuff tear (RCT).! With the aging of
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of rotator cuff disorders to increase significantly over the
next 2 decades.

RCTs are a significant cause of disability in adults and
are associated with chronic pain, weakness, and dysfunc-
tion of the upper extremity.??31:32 Patient-reported out-
comes suggest that shoulder dysfunction is associated
with a compromise in an individual’s health status similar
to that seen in major medical diseases including congestive
heart failure, acute myocardial infarction, diabetes melli-
tus, and clinical depression.® Shoulder dysfunction is asso-
ciated with high societal cost and patient burden. In 2007, a
reported 76,000 work-related shoulder injuries and ill-
nesses involving days away from work occurred in the
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United States.*® In 2000, the direct costs for the treatment of
shoulder dysfunction in the United States totaled $7
billion. It is estimated that between 75,000 and 250,000 rota-
tor cuff surgeries take place nationally every year.3%%°

Our understanding of the natural history of the full-
thickness RCT is evolving.?! It is clear that the rotator cuff
has no inherent capacity to heal without surgical interven-
tion. It is also clear that the untreated RCT will generally
increase in size over time, resulting in tendon retraction
and irreversible muscle atrophy.!%?2 Treatment options for
the symptomatic RCT include operative and nonoperative
interventions.*?® Although most surgeons favor surgical
repair of the acute traumatic RCT in the younger adult
population, there are no clear guidelines regarding RCTs
in older individuals. Current dogma favors a trial of phys-
ical therapy in older individuals, followed by surgical repair
in those who demonstrate no improvement.! But there is no
clear evidence to support this practice. Generally, the evi-
dence in support of operative versus nonoperative manage-
ment of rotator cuff disease is limited, based primarily on
observational studies of lower scientific merit and a small
number of randomized controlled trials.2”*® A clinical prac-
tice guideline and evidence report adopted by the American
Academy of Orthopaedic Surgeons in 2010 revealed the
paucity of existing evidence.*® Similarly, multiple system-
atic reviews focusing on treatment options for RCTs have
revealed insufficient evidence to support or refute the effec-
tiveness of operative versus nonoperative management of
this common disorder.!**

The lack of equipoise to guide the treatment of rotator
cuff disease warrants continued research to help elucidate
treatment effects and predictors for this common disor-
der.*! The objectives of the current study were to (1) com-
pare the efficacy of operative versus nonoperative
management of full-thickness RCTs and (2) detect vari-
ables that predict success within each treatment group.
These findings could help with the prediction of treatment
success or failure for patients with RCTs.

METHODS
Study Population and Recruitment

The study inclusion criteria included age >18 years, RCT of
any size confirmed via magnetic resonance imaging and/or
diagnostic musculoskeletal ultrasound,®®3° unilateral tear,
first tear of the affected shoulder, and nonoperative
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treatment for <4 weeks. Exclusion criteria were a cuff tear
in which complete footprint coverage was not possible; any
history of prior surgery, fracture, dislocation, or infection of
the affected shoulder; inflammatory joint disease of the
affected shoulder, including rheumatoid arthritis; and open
repair, including the subscapularis. Institutional review
board approval was received for the study protocol.

Patient recruitment occurred at a single center (Med-
Sport, University of Michigan). Patients who were seen for
management of symptomatic full-thickness RCTs were
enrolled by research assistants in our shoulder registry,
and clinical data were collected prospectively. The research
assistants provided interested patients with an informed
consent document and asked them to sign it if they agreed
to participate; the research assistants then asked consent-
ing participants to complete a variety of outcome measures
using either paper and pencil or a touch screen computer
(eg, iPad [Apple Inc]). Patient enrollment began in 2009
and continued until early 2018.

Data Collection

Paper-based and electronic data collection was used. At
baseline, participants provided all characteristic informa-
tion and completed all outcome measures described in the
following section. Follow-ups with all outcome measures
were at 6 months, 1 year, and annually thereafter up to 5
years postoperatively. Participants received reminders to
complete their web-based or paper-based forms just before
these follow-up times, and reminders were sent to indivi-
duals not completing forms within 2 weeks of these dates.
Emails and mailings contained our contact information for
participants who had questions. The data were entered into
preformatted Excel (Microsoft Corp) spreadsheets and
uploaded into STATA/MP 14.2 statistical software (STATA
Corp).

Characteristic and Baseline Data

We collected the following information at baseline for all
included participants: age, sex, weight, height, workers’
compensation status (yes or no), smoking status, shoulder
range of motion, tear size, tear location, days since injury,
cause of injury, medical history, physical examination
information, and patient-reported outcome measures
(described in the following section). Rotator cuff repair was
performed arthroscopically and was followed by 4 to 6 weeks
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of immobilization and a standardized postoperative
physical therapy protocol. The repair technique was not
standardized, but tears of <1 cm were repaired using a
single-row technique, and tears of >1 cm were repaired
using a double-row technique. Nonoperative treatment
included a standardized physical therapy protocol using
anti-inflammatory medication and corticosteroid injections
for symptom control.

Patient-Reported Outcome Measures

The following patient-reported outcome measures were
used: Western Ontario Rotator Cuff Index (WORC),
American Shoulder and Elbow Surgeons (ASES) score,
Veterans RAND 12-Item Health Survey (VR-12), 100-
point Single Assessment Numeric Evaluation (SANE)
rating, and visual analog scale (VAS) for pain and for
patient satisfaction.”*?

The WORC is a valid and reliable disease-specific, quality-
of-life assessment tool with scores ranging from 0 to 100; a
higher score indicates worse function. The WORC has been
shown to be valid, reliable, and responsive.'*?%28 The ASES
score was developed in 1994*2 and is divided into 3 domains:
pain, which includes several yes or no questions and a VAS;
instability, which includes 1 yes or no question and a VAS;
and activities of daily living. Higher scores indicate better
function. Construct validity, internal consistency, and
reliability have been shown to be good.245142533 The VR-
12122022 a5 developed from the RAND 36-Item Health Sur-
vey, used to measure health-related quality of life and to
estimate disease burden. The 12 items are summarized into
2 scores, a physical component score (PCS) and a mental
component score (MCS).

The SANE was designed as a simple 1-question func-
tional assessment tool. The single included question was
“How would you rate your shoulder today as a percentage
of normal (0%-100%, with 100% being normal)?”319:23:52 I
addition, we measured pain and patient satisfaction on sep-
arate 100-point VASs. Finally, we collected all patient-
reported adverse events.

Intervention Groups

Treatment allocation was determined by patient and
physician agreement. Therefore, the interventions varied
within and between the operative and nonoperative
groups.

Sample Size Calculation

Our primary outcome measure was the WORC score
change from baseline to 2-year follow-up. The minimal clin-
ically important difference (MCID) of the WORC is 245.26
(11.7%).2* To detect an 11.7% difference in the WORC from
baseline (null hypothesis = 10% change; alternative
hypothesis = 21.7% change) at 2 years postoperatively at
80% power with a cutoff P value of .05, we required a total of
64 patients (32 per group).
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Statistical Analysis

First, we describe the patient, injury, and related charac-
teristics across included patients by using raw counts, mea-
sures of central tendency (eg, mean, median, or mode), and
measures of data dispersion (eg, 95% confidence intervals
[CIs]), standard errors, interquartile ranges) where appro-
priate. Comparisons between the operative and nonopera-
tive groups for each independent variable of interest were
carried out using the Student ¢ test for continuous variables
and the y? test for categorical variables. We constructed
scatterplots and bar charts of all outcome measures to visu-
ally inspect data. We calculated change scores for each out-
come measure using baseline values and each patient’s
outcome at all follow-up points, and we report CIs and P
values for these changes.

Next we performed longitudinal mixed-effects linear
regression models (patient identification number as the
random variable) for all outcome variables across all 5
years of follow-up for the entire sample, including the fol-
lowing predictor variables: age (in years), treatment type
(nonoperative, coded as 0; operative, coded as 1), sex (male
= 0, female = 1), symptom duration (<1y =0, >1y = 1),
smoking status (never = 0, current or quit <6 mo ago = 1),
diabetes status (no = 0, yes = 1), injury side (left = 0, right
=1), and obesity status (no = 0, yes = 1). We also performed
mixed-effects linear regression modeling for changes from
baseline to postoperative years 1, 2, 3, and 4 only (to main-
tain power) on all outcome variables for all predictor vari-
ables listed earlier.®*® The mixed-effects modeling allowed
us to incorporate individual patient differences as the ran-
dom effect and the group or time point as the fixed effect,
with the dependent variable being the continuous outcome
measures described earlier.

Finally, we performed a subgroup analysis for patients who
had prior self-reported formal physical therapy (n = 102) of
<4 weeks (ie, formal sessions with a physical therapist,
with or without a home exercise program) and then pro-
ceeded to surgery. We specifically looked at this variable
because it was deemed that this subgroup may have differ-
ent risk than others may have. We looked at changes from
baseline for our primary outcome measure, the WORC, and
for a secondary outcome measure, the ASES score. We then
performed linear regression analyses for the outcome var-
iable of the change in WORC score at 1 and 2 years for all
predictor variables in univariable unadjusted models.

RESULTS

A total of 595 patients agreed to be included in the registry,
which represented approximately 75% of presenting and
eligible patients. Tables 1 and 2 describe the characteristics
of the sample. Figure 1 illustrates sample sizes for each
follow-up point.

Immediately after inclusion into the registry, approxi-
mately 35% of the participants did not return to our clinical
location and thus did not continue in the registry follow-up.
After this initial loss to follow-up, >90% of the included
patients had at least 2 years of follow-up. After 2 years,
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TABLE 1
Descriptive Data and Baseline Characteristics of All
Included Patients (N = 595)*

n (%) or Mean (95% CI)

Sex (n = 595)
Male 353 (59.3)
Female 242 (40.7)

Age (n = 595) 58.8 (57.9-59.7)

Obesity (n = 568)
Normal weight (BMI <25) 122 (21.6)
Mild obesity (BMI 25 to <30) 225 (39.6)
Medium obesity (BMI 30 to <40) 193 (33.9)
Severe obesity (BMI >40) 28 (4.9)

BMI (n = 568)
Workers’ compensation (n = 567)

29.2 (28.7-29.7)

Yes 29 (5.1)

No 538 (94.9)
Diabetes (n = 565)

Yes 79 (13.9)

No 486 (86.1)
Smoking (n = 581)

Yes 64 (11.1)

No 517 (88.9)
Duration of symptoms, y (n = 177) 5.5 (4.5-6.5)
Side of injury (n = 592)

Right 361 (60.9)

Left 231 (39.1)
Cause of injury (n = 554)

Motor bike accident 7(1.2)

Car accident 14 (2.5)

Work accident 34 (6.1)

Sport 98 (17.7)

Other accident 192 (34.7)

No known injury 209 (37.7)
Surgery (n = 596)

Yes 315 (52.9)

No 280 (47.1)

“BMI, body mass index.
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although the sample size decreased across time, these
were not losses to follow-up. Rather, these were primarily
due to the enrollment date in our registry. Overall, the
sample included more men (59.3%), the average age was
almost 59 years, 78% were obese, 13.9% had diabetes, 5%
were receiving workers’ compensation, and 11% were
current or recent past (<6 months) smokers. The mean
duration of symptoms at baseline was 5.5 years, most
patients had right-sided injuries (60.9%), most had an
accident as a cause of injury, and more than half
(52.9%) had undergone surgery. Table 2 describes several
patient characteristics of the included participants sepa-
rately for those patients undergoing operative and non-
operative treatment. Those allocated to operative
treatment were more likely to be current or recent smo-
kers (odds ratio, 1.69) and tended to be younger by 3.8
years. Table 3 contains injury characteristics by treat-
ment allocation; there were no significant differences
between the study groups.

The box plots in Figure 2 illustrate scores on all outcome
measures at baseline and at all follow-up points separately
for operative and nonoperative treatment. In Table 4, we
report the raw scores for operative and nonoperative
groups for all patient-reported outcomes at each follow-
up point up to 5 years. As can be seen, the sample sizes
were <200 per group after 3 years of follow-up partly
because of attrition but mostly because of the enrollment
dates of patients. Generally, baseline scores were worse
for the operative group, but by 6 months, the scores for
the operative group had surpassed those of the nonopera-
tive group. The scores appeared to change very little in the
operative group after 1 year, but scores appeared to con-
tinue to change (ie, improve) in the nonoperative group out
to 3 and 4 years. Table 5 reports the absolute changes from
baseline to the 4-year follow-up for all outcome measures,
stratified by intervention group.

TABLE 2
Patient Characteristics Between the Operative and Nonoperative Study Groups®
Nonoperative Operative
(n = 280) (n = 315) P Value (y2 Test)
Sex .88; OR = 1.01 (95% CI, 0.88-1.15)
Male (n = 353) 167 (59.6) 186 (59.1)
Female (n = 242) 113 (40.4) 129 (40.9)
Workers’ compensation .31; OR = 1.71 (95% CI, 0.78-3.74)
Yes (n = 29) 10 (3.8) 19 (6.3)
No (n = 538) 255 (96.2) 283 (93.7)
Diabetes .96; OR = 1.01 (95% CI, 0.67-1.52)
Yes (n = 79) 37 (14.1) 42 (13.9)
No (n = 486) 226 (85.9) 260 (86.1)
Smoking .05; OR = 1.69 (95% CI, 0.99-2.89)
Never or quit >6 mo ago (n = 517) 252 (91.6) 265 (86.6)
Yes or quit <6 mo ago (n = 64) 23 (8.4) 41 (13.4)
Age, y, mean (95% CI) 60.8 (55.8-68.2) 57.0 (59.5-62.1) .001°
Body mass index, mean (95% CI) 28.9 (28.2-29.6) 29.4 (28.8-30.0) .298°

“Data are reported as n (%) unless otherwise indicated. OR, odds ratio.

bStudent ¢ test.
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Baseline > 6 Months > Year 1 > Year 2 > Year 3 > Year 4 > Year 5

N =559 N =334 N =340

N = 301 N =213

N =108 N =31

Figure 1. Sample sizes for each follow-up point for the primary outcome.

TABLE 3
Injury Characteristics Between Study Groups®
Nonoperative Operative
(n = 280) (n = 315) P Value (y2 Test)
Side of injury .93; OR = 1.02 (95% CI, 0.73-1.41)
Right 169 (60.9) 192 (61.2)
Left 109 (39.1) 122 (38.8)
Cause of injury .08; OR = 1.1 (95% CI, 0.99-1.27)
Motor bike accident 5(1.9) 2(0.07)
Car accident 4(1.5) 10 (3.4)
Work accident 12 (4.6) 22 (7.5)
Sport 45 (17.2) 53 (18.1)
Other accident 86 (32.9) 106 (36.8)
No known injury 109 (41.8) 100 (34.1)
Duration of symptoms, y, mean (95% CI) 5.8 (4.9-6.7) 5.3 (4.6-5.9) 56°

“Data are reported as n (%) unless otherwise indicated. OR, odds ratio.

bStudent ¢ test.

The longitudinal mixed-effects regression reported in
Table 6 reveals several trends across total outcome scores
for the included predictor variables. Patients in the opera-
tive group did better on all outcome measures across time.
Female patients did not score as well across time as did
male patients on the ASES, WORC, and the VR-12 PCS.
Those who were older tended to improve less on the PCS
and more on the MCS, and those with a longer symptom
duration at baseline did better across time on the ASES,
WORC, VAS pain, and SANE scores. Current or recent
smokers tended to have lower scores on all measures across
time, as did those patients with diabetes. Injury sidedness
and the presence of obesity had no effect on outcomes across
time.

Mixed-effects linear regression for change from base-
line is reported in Table 7 for treatment type and for all
covariates for each year of follow-up to 4 years to maintain
power, according to our sample size calculation for our
primary outcome. The operative group, when compared
with the nonoperative group, routinely changed to a
larger degree out to 3 years for the WORC, ASES, VAS
pain, and VR-12 PCS and at years 1 and 2 for the SANE;
however, VAS satisfaction scores were better in the oper-
ative group only at 1 year, and the VR-12 MCS score was
not superior in either group at any point. On average,
older patients tended to have less change at each year of
follow-up than younger patients had, and those with lon-
ger symptom duration tended to change more at each year
of follow-up on the WORC, VAS pain, and VR-12 MCS.
Also, patients with diabetes tended to change less at year
1 follow-up for all outcome measures but changed more or
less in a varied fashion across all other years of follow-up.
Generally, sex, smoking, injury side, and obesity did not

have any influence on changes from baseline in these
patients.

Tables 8 and 9 show the results of the subgroup analysis
for patients who had formal physical therapy before being
enrolled in our registry. Descriptive data and baseline char-
acteristics are listed in Table 8. Comparing Table 8 with
Table 5 reveals very little differences between the samples.
However, comparing Table 9 with Table 5 indicates that
patients with formal physical therapy who then underwent
surgery appeared to improve to an even greater degree
(within this subgroup), but the nonoperative group did not
improve as much. Also, in this subgroup, linear regression
for our primary outcome of change in the WORC score from
baseline to 1 and 2 years of follow-up revealed that none of
the chosen covariates were significantly predictive for
change in the WORC score.

DISCUSSION

In this cohort study of patients included in the Michigan
Shoulder Registry, we found that patients with rotator cuff
disease who presented for treatment were on average 58.8
years of age and had >5 years of self-reported shoulder
symptoms; operatively treated patients did better than did
nonoperatively treated patients across all follow-up points
on all outcome measures, although the magnitude of this
superior effect was modest in most cases. Just over 50% of
the patients underwent surgery, and these patients were
more likely to be younger and to be current or recent (quit
<6 months ago) smokers. Upon visual inspection of trends
in scores on all outcome measures, the operative group
tended to improve faster, with little additional improve-
ment after 1 year of follow-up, and the nonoperative group
appeared to continue to improve out to years 3 and 4, at
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Figure 2. Box plots for all outcome measures stratified by treatment. ASES, American Shoulder and Elbow Society; VAS, visual
analog scale; VR-12, Veterans RAND 12-ltem Health Survey; WORC, Western Ontario Rotator Cuff Index.
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Figure 2. (continued).

which point their improvement approximated that of the oper-
ative group on average. This challenges the common concep-
tion that shoulder surgical trials require a minimum of 2
years of follow-up; it appears that the minimum follow-up
should be dictated by the type of intervention. Furthermore,
our regression modeling confirmed these observations, even
after controlling for a large selection of confounding variables
(see Table 5). For example, for our primary outcome (the
change in WORC scores), the magnitude of difference between
groups was 10.7%, which is slightly smaller than is the pre-
viously established MCID for this measure (11.7%), but the
95% CI for the difference that we found for our sample (6.8%-
14.6%) did encompass the MCID. However, we should be
cautious when using the MCID to gauge between-patient

VR-12 MCS Score 0-100

SANE Score 0-100

Patient Satisfaction VAS 0-100
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VR-12 Mental Component Summary (PCS) Score for surgical patients for all time points
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differences because this is a within-patient metric. Another
variable in our adjusted model influenced the longitudinal
trends to a larger degree: the presence of diabetes. Specifi-
cally, for the WORC, patients with diabetes scored worse by
15.2% even after adjustment for the covariates. Women
tended to have worse scores on measures of physical function
(ie, ASES, WORC, and VR-12 PCS), but the magnitude of
these differences was small. Similarly, those with a longer
duration of symptoms tended to do better across time, but the
effect size was small. Again, smokers tended to do worse
across time, but this effect was small. Furthermore, in our
mixed-effects regression for changes from baseline to each
follow-up point separately, patients in the operative group
tended to change to a larger degree on the WORC out to year
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TABLE 4
Patient-Reported Outcome Scores at Baseline and All Follow-up Points®
Baseline 6 mo ly 2y 3y 4y 5y
WORC n = 559 n =334 n = 340 n =301 n =213 n = 108 n=31
Operative 40.4 (38.1 to 42.7) 68.6 (65.3t0 71.9)  79.2 (75.9 to 82.6) 79.4 (76.1 to 82.9) 79.3 (75.0 to 83.6) 81.2 (75.0 to 87.3) 79.8 (65.0 to 90.5)
Nonoperative 47.8 (45.2 to 50.4) 59.5 (55.6 to 63.4)  63.8 (59.8 to 67.9) 71.5 (67.5 to 75.3) 74.5 (69.7 to 79.3) 77.74 (71.7 to 83.8) 85.0 (74.1 to 95.8)
ASES n = 548 n =310 n = 302 n = 285 n = 196 n = 104 n=234
Operative 48.6 (46.2 to 50.9) 75.6 (72.5t0 78.8)  82.0 (78.2 to 85.3) 83.7 (80.8 to 86.8) 84.2 (80.2 to 88.2) 82.7 (76.7 to 88.6) 83.2 (61.6 to 91.6)
Nonoperative 56.8 (54.2 to 59.3) 66.5 (63.18 to 69.84) 72.3 (68.7 to 75.9) 76.0 (71.8 to 80.1) 81.0 (76.7 to 85.3) 82.9 (76.6 to 89.2) 76.6 (61.6 to 91.6)
VASpaisat n =534 n =335 n = 348 n = 300 n =217 n =110 n =33
Operative 79.5 (76.5 to 82.6) 88.5(85.8 to 91.2) 87.3 (84.5 t0 90.2) 87.3 (84.3 t0 90.3) 87.2(83.8 t0 90.6) 94.2 (92.2 to 96.1) 95.5 (91.6 to 97.9)
Nonoperative 77.3 (73.9 to 80.8) 79.4 (75.4 to 83.5)  80.4 (76.6 to 84.2) 83.3 (79.9 to 86.7) 83.3 (80.3 to 88.7) 82.7 (75.6 to 89.7) 88.5 (73.2 to 103.9)
VASpain n =576 n = 343 n = 349 n = 301 n =216 n=112 n =33
Operative 53.8 (50.9 to 56.7) 21.5 (18.1 to 25.0) 18.2 (14.7 to 21.7) 17.3 (22.2 to 31.3) 21.3 (16.0 to 26.5) 16.5 (10.6 to 22.4) 20.1 (7.0 to 33.7)
Nonoperative 46.3 (43.2 to 49.4) 36.2 (31.9 to 40.5) 30.0 (25.8 to 34.2) 26.8 (22.2 to 31.3) 24.6 (19.4 t0 29.7) 21.8 (14.6 to 29.0) 13.2 (—2.0 to 28.5)
SANE n =574 n = 343 n = 350 n =301 n =215 n =111 n =233
Operative 31.9 (29.0 to 34.6) 68.7 (65.0 to 72.3)  76.5(73.0 to 80.1) 74.3 (70.5 to 78.4) 75.5 (70.4 to 80.7) 76.3 (69.3 to 83.2) 73.7 (55.7 to 86.6)
Nonoperative 38.0 (35.0 to 41.0) 50.8 (46.3 to 55.2)  57.1(52.3 to 61.8) 65.6 (60.7 to 70.5) 69.3 (63.8 to 74.9) 72.6 (64.7 to 80.5) 89.8 (82.7 to 96.8)
VR-12 MCS n =439 n =301 n = 323 n = 307 n =216 n=111 n=31
Operative 49.1 (47.6 to 50.7) 53.4 (51.9 to 54.9) 53.5 (52.0 to 55.1) 53.8 (52.4 to 55.3) 54.2 (52.3 to 56.0) 55.2 (53.0 to 57.3) 50.9 (44.3 to 57.0)
Nonoperative 50.7 (49.1 to 52.3) 52.0 (50.2 to 53.9)  51.5 (49.5 to 53.4) 52.7 (51.1 to 54.3) 53.9 (52.1 to 55.8) 54.2 (51.3 to 57.1) 55.6 (50.0 to 61.2)
VR-12 PCS n = 438 n =301 n = 323 n = 308 n =216 n =111 n =31
Operative 38.0 (36.8 to 39.1) 44.0 (42.4 to 45.5)  46.4 (44.9 to 48.0) 46.1 (44.4 to 47.7) 45.9 (43.9 to 47.9) 47.7 (45.3 to 50.2) 43.8 (37.8 to 49.0)
Nonoperative 39.9 (38.4 to 41.3) 41.2 (39.5 to 42.8) 41.4 (39.6 to 43.1) 44.9 (43.4 to 46.4) 44.4 (42.2 t0 46.5) 46.1 (43.3 to 48.9) 49.3 (44.9 to 53.6)

“Values are expressed as mean score (95% CI). ASES, American Shoulder and Elbow Surgeons; MCS, mental component subscale; PCS,
physical component subscale; SANE, Single Assessment Numeric Evaluation; VASp,;,, visual analog scale for pain; VASp,sat, visual analog
scale for patient satisfaction; VR-12, Veterans RAND 12-Item Health Survey; WORC, Western Ontario Rotator Cuff Index.

TABLE 5
Absolute Changes in Outcome Scores From Baseline at Each Follow-up®
6 mo ly 2y 3y 4y
WORC n = 323 n = 329 n = 281 n = 196 n =93
Operative 27.2 (23.5 to 31.0) 37.9 (34.1 to 41.7) 36.6 (32.5 to 40.8) 36.6 (31.2 to 42.0) 38.8 (30.1 to 47.4)
Nonoperative 10.6 (7.1 to 14.1) 14.9 (11.1 to 18.8) 21.7 (17.4 to 26.0) 24.2 (18.8 to 29.6) 27.4 (20.1 to 34.7)
ASES n = 298 n =284 n = 264 n =176 n =93
Operative 26.8 (23 to 30.6) 32.4 (28.6 to 36.2) 34.1 (30.2 to 37.9) 34.2 (29.3 to 39.1) 34.3 (26.7 to 41.8)
Nonoperative 8.9 (5.6 to 12.3) 14.0 (9.8 to 18.1) 16.9 (12.8 to 20.9) 22.9 (17.0 to 28.7) 22.4 (13.8 to 31.0)
VASpasat n =314 n =315 n = 258 n =186 n=93
Operative 5.2 (1.2 t0 9.2) 6.5 (2.5 to 10.5) 6.4 (1.9 to 10.9) 12.8 (4.9 to 20.7) 26.6 (15.9 to 37.3)
Nonoperative 2.7 (2.9 to 8.2) 0.7 (4.0 to 5.5) 7.1 (1.7 to 12.6) 9.0 (1.6 to 16.4) 17.8 (5.1 to 30.5)
VASp.in n =333 n =338 n = 286 n = 205 n = 106
Operative —-33.4 (-38.1 to —28.6) —36.3 (—41.0 to -31.5) —-33.1(-38.5t0o-27.6) —28.9 (-35.4t0o—-22.5) —24.2(-33.2t0-15.3)
Nonoperative -8.0 (-12.4 to -3.6) -16.5 (-21.5 to -11.6) -17.5(-22.7 to -12.2) -21.1(-27.5t0-14.8) -14.9 (-25.6 to —4.2)
SANE n =334 n = 339 n = 288 n = 205 n = 105
Operative 36.2 (31.3 to 41.2) 44.4 (39.5 to 49.3) 42.0 (36.5 to 47.5) 35.2 (28.3 to 42.1) 27.5 (17.6 to 37.4)
Nonoperative 13.7 (8.5 to 18.9) 18.6 (13.1 to 24.2) 24.0 (20.6 to 31.5) 26.9 (20.0 to 33.7) 25.9 (16.2 to 35.7)
VR-12 MCS n =278 n =291 n =221 n =115 n=16
Operative 3.9 (2.0 to 5.8) 3.6 (1.9 t0 5.3) 4.2 (2.4 t0 6.0) 5.1(2.2to0 8.1) 4.0 (5.5 to 13.6)
Nonoperative 0.3 (-1.4 to 2.1) 0.7 (-1.1 to 2.5) 1.5 (-0.4 to 3.4) 1.9 (-0.9 to 4.8) 1.5 (7.0 to 10.0)
VR-12 PCS n =277 n =291 n =221 n =115 n=16
Operative 5.3 (3.7 t0 6.9) 8.3 (6.7 t0 9.9) 7.9 (6.1t09.7) 7.1(4.4t09.9) 4.0 (-12.1 to 20.0)
Nonoperative 1.0 (-0.7 to 2.8) 1.5 (-0.3 to 3.3) 3.1(1.2to0 4.9) 1.5 (-1.6 to 4.5) 3.9 (-5.1to0 12.9)

“Values are expressed as change from baseline (95% CI). ASES, American Shoulder and Elbow Surgeons; MCS, mental component
subscale; PCS, physical component subscale; SANE, Single Assessment Numeric Evaluation; VASp,;,, visual analog scale for pain; VASp,isat,
visual analog scale for patient satisfaction; VR-12, Veterans RAND 12-Item Health Survey; WORC, Western Ontario Rotator Cuff Index.

worse scores on all outcome measures consistently for the first
year of follow-up. Sample sizes for all outcome measures were
insufficient at the 5-year follow-up. In a subgroup analysis of

3, although the mean magnitude of effect change became
small by year 3. The magnitude of effect for other variables
was also small, except for patients with diabetes, who had
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TABLE 6
Longitudinal, Fully Adjusted, Mixed-Effects Linear Regression Modeling for All Dependent Variables®
Treatment Type Sex (Male = 0; Symptom Duration Smoker (Never = 0; Injury Side Obesity (No = 0;
(Nonop = 0; Op=1) Female = 1) Age (<ly=0;>1y=1 Current = 1) Diabetes (No = 0; Yes =1)  (Left = 0; Right = 1) Yes=1)

WORC 10 7(6.8 to 14.6); <.001 4.3 (-8.3 to -0.4); .031 0.1(-0.1t0 0.3); .327 38(-0.1t07.7);.057 -83(-14.8t0-1.8);.013 -15.2(-21.1t0-9.3);<.001 -1.1(-5.0t02.9);.592 1.6 (-3.1to 6.3); .497
ASES 7(451011.0;;<.001 4.9 (-8.2t0-1.5);.004  0.02 (-0.14 to 0.2); .834 34(0.04t06.7);.047 -8.1(-13.6t0-2.7);.004 -12.5(-17.5to-7.4); <.001 -1.2 (4.6 t0 2.2); 481 0.6 (4.5 to 3.4);.766
VASpatsat .7 (4.5 t0 10.9); <.001 1.6 (-1.7 to 4.8); .343 0.1(-0.07t0 0.23); 271  1.5(-1.7t04.7); .351  -1.2(-6.5 to 4.0); .649 -8.4(-13.3 to -3.5); .001 —1 4(-4.5t01.9); 424 0.6 (4.4 to 3.2);.760
VASpain —12.0 (-16.0 to -8.1); <.001 0.4 (3.6 to 4.4); .835 -0.1(-0.3 to 0.1); .265 -5.1(-9.1t0-1.1);.012 6.0 (0.6 to 12.6); .075 14.3 (8.2 to 20.4); <.001 T(-24105.7); 419 -2.9 (7.7 to 1.9); .23
SANE 14.3(10.1t0 18.5);<.001 0.1 (4.2 to 4.3); .970 0.02 (-0.2 to 0.2); .856 4.9(0.6 t0 9.1); .024 —4.1(-11.1t0 2.9); .255 -12.3(-18.8t0-5.9);<.001  1.5(-2.8t05.8); .496 1.2(-3.8 to 6.3);.633
VR-12 MCS 2.2 (0.5 to 3.8); .011 -1.6 (-3.3t0 0.1); .068 0.1(0.02t00.2); 014  -0.84(-2.5t00.8);.329  -7.1(-9.9t0-4.3);<.001 4.2 (-6.8 to-1.7); .001 .4 (-2.1t0 1.3); .658 —0.6 (2.6 to 1.4); .574
VR-12 PCS 2.7(1.1t0 4.2); .001 —4.5(-6.1t0-2.9);<.001 -0.1(-0.2t0-0.02); .012  0.8(-0.9t02.3); .379  -2.5(-5.1t00.01);.063 -1.5(-9.9 to -5.1); <.001 —1 4 (-3.6 0 0.3); .096 1.6 (-3.6 to 0.3);.094

“Values are expressed as beta coefficient (95% CI); P value. Bolded P values indicate statistical significance at P < .05. ASES, American Shoulder and Elbow
Surgeons; MCS, mental component subscale; Nonop, nonoperative; Op, operative; PCS, physical component subscale; SANE, Single Assessment Numeric Evaluation;
VASp,i,, visual analog scale for pain; VASp,;sat, visual analog scale for patient satisfaction; VR-12, Veterans RAND 12-Item Health Survey; WORC, Western Ontario

Rotator Cuff Index.
TABLE 7
Mixed-Effects Linear Regression for Changes From Baseline®
Treatment Type Sex (Male = 0; Symptom Duration Smoker (Never = 0; Current Diabetes (No = 0; Injury Side (Left = 0; Right Obesity (No = 0;
(Nonop =0; Op=1) Female = 1) Age (<ly=0;>1y=1) =1) Yes=1) =1 Yes=1)
WORC
ly 22.8 (17.2 to 28.5); .001 4.7(-0.9 t0 10.3);.101  -0.5 (0.8 to -0.2); .001 4 (1.6 to 13.1); .012 5.3 (-4.1t014.8); 268  -15.4 (-24.2 to -6.5); .001 —4.0 (-9.6 to 1.6); .161 .6 (6.1 to 7.2); .870
2y 15.5 (9.3 to 21.8); .001 4.6 (-1.7t0 11.0); .151  —0.4 (0.7 to -0.1); .005 4 (2.0 to 14.7); .010 3.8 (-8.3 to 15.8); .537 -8.6 (-18.4 to 1.3); .088 -0.5 (-7.0 to 5.9); .873 .3 (-1.8 to 12.5); .146
3y 11.5 (3.2 to 19.7); .007 12.5 (3.8 to 21.1); .005 -0.3 (0.7 to 0.2); .210 7 (0.4 to 16.9); .039 -11.0 (-27.4 to 5.4); .189 5.0 (-17.8 to 7.8); .444 -1.2(-9.6 to 7.2); .779 —2 8 (~13.5 to 7.8); .601
4y -2.1(-149t010.7); 746 215(7.0 t0 36.0); .004 0.2 (-0.8 to 0.4); .587 5 (-11.0 to 14.0); .812 3.7(-215t029.0);.771  -3.5(-23.6t016.6); .730 ~ 5.6 (-19.9t08.7); 443  14.6 (-2.1t0 31.3); .086
ASES
1y 18.5 (12.6 to 24.4); .001 24(-341t083); 411  -0.4(-0.7 to -0.1); .007 7(1.8 t0 13.7); .011 3.1(-6.9 to 13.1); .547 -8.6 (-17.6 to 0.5); .063 -2.6 (-8.5 t0 3.2); .377 0.4 (-6.7 to 7.5); .907
2y 15.6 (9.6 to 21.5); .001 —0.3(-6.3t05.6);.911 0.4 (0.7 to -0.1); .005 —1 8 (=7.8 to 4.3); .565 -2.2 (-12.7 t0 8.3); .685 -1.2 (-10.4 to 8.0); .796 -3.0 (9.1 t0 3.0); .326 2.7 (-4.1t0 9.4); 439
3y 8.4 (0.6 to 16.3); .036 7.2(-0.8t015.2); .077  -0.3 (0.7 to 0.1); .145 0 (-1.9 to 13.9); .134 2.3 (-13.31017.9);.772  -10.2 (-22.3 to 1.9); .097 -6.5 (-14.7 to 1.6); .115 1.8 (-7.8 to 11.5); .709
4y 3.8 (-8.4 to 16.1); .540 19.6 (4.6 to 34.5); .010 0.5 (0.0 to 1.0); .072 —1 0 (-13.1t0 11.0); .864  -3.3(-24.2t0 17.7); .761 -32.2 (-53.4 to -11.0); .003 ~ -9.3 (-23.9 to 5.2); .208 10.0 (-6.6 to 26.5); .238
VASpassat
ly 7.1(0.2 to 13.9); .043 1.3 (-5.4 to 7.9); .706 -0.2 (0.6 to 0.1); .155 -1.5 (-8.3 to 5.3); .663 -0.6 (-11.8 t0 10.7); .919  -17.2 (-27.4 to -7.0); .001 5 (4.2 t0 9.2); .468 6 (-3.1 to 12.4); .242
2y 3.1(-3.8 t0 10.0); .378 4.2 (-2.7t0 11.2); .232 0.0 (0.3 to 0.4); .861 -3.6 (-10.6 to 3.3); .303 2.3 (-10.8 to 15.4); .731 —3 8 (-14.3 t0 6.7); .479 —Z 3(-9.2 to 4.7); .525 8 (—4.9 to 10.4); 477
3y 6.1(-5.9 to 18.0); .321 1.2(-10.9 t0 13.3); .845 0.2 (0.4 to 0.8); .469 —5 5(-17.3 t0 6.2); .357 3.2 (-21.1 to 27.4); .798 3 (-21.9 to 13.2); .627 7 (0.4 to 25.0); .042 10 6 (—4.1 to 25.3); .159
4y 8.6 (-10.6 to 27.8); .382 7.7(-13.7t0 29.2); 478 -0.3 (1.2 to 0.6); .472 7(-16.3 t0 19.8); .853  -2.5 (-38.2 to 33.2); .891 12 6 (-14.1 to 39.3); .356 .3(=20.3 t0 22.9); 907  13.3 (-10.7 to 37.2); .278
VASpain
ly -20.0 (-27.8 t0 -12.3); .001 2.9 (-10.5 to 4.8); .460 0.2 (0.2 to 0.6); .234 -9.8 (-17.6 to -2.1); .013  -13.0 (-25.9 to -0.1); .049 17 4 (5.8 to 28.9); .003 7.2 (-0.5 to 14.9); .067 .2 (-7.8 t0 10.3); .787
2y -16.4 (-24.8 to -8.1); .001 -1.9 (-10.4 to 6.6); .656 0.4 (0.0 t0 0.8); .057  -10.7 (-19.2 to -2.3); .013 1.6 (-14.0 to 17.2); .838 4 (-7.7 to 18.5); .421 0.8 (-7.8 t0 9.3); .862 —4 1(-13.6 to 5.4); .395
3y —4.1(-14.4 t0 6.2); .438 -9.3 (-19.8 to 1.3); .085 0.0 (0.5 to 0.5); .872 -9.5 (-19.7 to 0.6); .066 10.7 (-10.0 to 31.5); .310 16 4 (0.7 to 32.0); .041 5.8 (4.8 t0 16.4); .284 -5.6 (-18.5 to 7.3); .397
4y -1.7(-19.0 to 15.6); .848  —20.5 (-39.8 to -1.3); .087 0.2 (-0.6t0 0.9); .687  -9.3(-25.9t07.3); 272  -10.0 (-41.3 t0 21.3); 530  13.3 (-11.1t0 37.6); .285 114 (-7.7 to 30.5); .242  -24.3 (-47.3 to -1.4); .038
SANE
1y 26.0 (18.1 to 34.0); .001 2.6 (-5.1t010.3); 512 0.3 (<0.7 t0 0.1); .184 3.6 (-4.3 to 11.5); .366 8.4 (4.7t021.5); 210  -20.7(-32.5t0-9.0);.001  -3.5 (-11.2 to 4.3); .385 1.3 (-7.8 to 10.5); .774
2y 17.4 (9.1 to 25.8); .001 —4.0 (-12.5 to 4.4); .351  -0.3 (0.7 t0 0.1); .132 8.2 (-0.2 to 16.7); .056 3.8(-11.3t019.0); 620 -13.2(-26.2t0-0.2); .047  —9.8(-18.3t0-1.2);.025 1.8 (7.6 to 11.2); .706
3y 7.5(-3.3t0 18.3); .174 8.2 (-2.8 t0 19.2); .145 0.1(-0.4 t0 0.7); .631 8.3(-2.41t0189);.129  -13.6 (-35.2 to 8.1); .220 -9.4 (-26.2 to 7.4); 271 -11.1 (-22.2 t0 0.0); .050 2.1(-11.3 to 15.5); .764
4y -13.1(-28.5 to 2.3); .095 9.5 (-7.7t026.7); 279  -0.1(-0.8 to 0.6); .858 -2.3 (-17.1 to 12.5); .759 18.3 (-9.7t046.2); 200  -16.2 (-38.2 to 5.7); .147 -9.6 (-26.7 to 7.6); .274 17.1(-3.1to 37.4); .097
VR-12 MCS
ly 2.1(-0.5 to 4.7); .110 0.3 (-2.9 to 2 to 2); .806 -0.1 (0.2 to 0.1); .284 3.6 (0.9 to 6.3); .008 1.8 (-2.5 to 6.0); .415 1.2 (2.6 to 5.1); .539 1(-0.5 to 4.7); .109 -0.2 (-3.3 to 2.8); .887
2y 14 (-14t04.2);.321 0.1(-2.8t02.9);.971  -0.1(-0.2 t0 0.0); .147 3.9(0.9 t0 6.8); .010 1.8(-3.4 t0 6.9); 498 -1.0 (-5.3 to 3.4); .662 —0 2 (-3.0 t0 2.7); .913 1.2 (-2.0 to 4.5); 460
3y 1.6 (-2.8 to0 6.0); .472 5.4(0.9 t0 9.8); .018 -0.0 (-0.2 to 0.2); .919 5.2(0.3 to 10.0); .037 —0.1(-8.5t0 8.2); .974 —0.7 (7.6 to 6.3); .847 —0.2 (4.7 to 4.3); .929 3.4 (-1.7t08.5); .193
4y 5.5 (-1.9 to 12.9); .145 6.5 (-15.7 t0 2.6); .162  -0.3 (~0.7 t0 0.0); .067 8.4 (1.1t015.7); .025 6.3 (-10.8 to 23.4); 470 31.1(18.6 to 43.6); .001 24.5 (14.4 to 34.7); .001 —
VR-12 PCS
ly 6.7 (4.2 t0 9.2); .001 -0.3 (-2.8 to0 2.1); .805 -0.2 (-0.3 to -0.0); .018 8 (1.2 to 6.4); .004 1.3 (-2.7 to 5.4); .524 —4.2 (-7.9 to -0.5); .025 1.0 (-1.5 to 3.4); .441 -1.4 (4.4 to 1.5); .333
2y 4.2 (1.6 t0 6.9); .002 0.0 (-2.6 to 2.7); .980 -0.2 (0.3 to -0.1); .001 6 (-1.2 to 4.4); .263 1.9 (-6.7 to 2.9); .442 -3.4 (-7.5t0 0.7); .105 0.3 (2.4 to 3.1); .802 -3.4 (-6.4 to -0.3); .030
3y 5.7 (1.5 to 10.0); .008 1.6 (-2.7t0 5.9); .464 -0.1(-0.3 to 0.1); .399 6 (3.0 to 6.3); .488 -1.8 (-10.0 to 6.3); .659 -1.8 (-8.5 to 4.9); .606 0.1 (4.3 to 4.5); .958 ~7.0 (-12.0 to -2.0); .006
4y -1.1(-9.1t0 6.9); .791 1.7(-8.2 to 11.6); .738 0.4 (-0.8 to -0.0); .031 5(-6.5 to 9.4); .719 27.8 (9.3 to 46.3); .003 30.8 (17.3 to 44.3); .001 24.5 (13.6 to 35.5); .001 —

“Values are expressed as beta coefficient (95% CI); P value. Bolded P values indicate statistical significance at P < .05. Dashes indicate no data. ASES, American

Shoulder and Elbow Surgeons; MCS, mental component subscale; Nonop, nonoperativi

¢; Op, operative; PCS, physical component subscale; SANE, Single Assessment

Numeric Evaluation; VASp,;,, visual analog scale for pain; VASp,;s.:, visual analog scale for patient satisfaction; VR-12, Veterans RAND 12-Item Health Survey;

WORC, Western Ontario Rotator Cuff Ind\ex.

patients who had a history of formal physical therapy, we
found that the operative group appeared to improve to an
even greater degree (within this subgroup) but the
nonoperative group did not, but no covariates (ie, sex, age,
body mass index, workers’ compensation status, diabetes,
smoking status, or cause of injury) predicted these changes.
More research could determine the underlying factors that

could have identified which patients would have had better
success with surgery, even in the early stages of physical
therapy.

Two recent studies appear to confirm most of our find-
ings, although our study is much larger than are the others.
For example, in a cohort study by Jain and colleagues'®
that included 70 patients undergoing nonoperative
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management of RCTs, the investigators assessed Shoulder
Pain and Disability Index scores across time (baseline and
at 3, 6, 12, and 18 months). They reported better Shoulder
Pain and Disability Index scores across time in those
patients with at least a college education, shorter duration

TABLE 8
Descriptive Data and Baseline Characteristics of Patients
Who Had Formal Physical Therapy Before Study Inclusion

(n = 102)*
n (%) or Mean (95% CI)

Sex (n = 102)

Male 56 (55)

Female 46 (45)
Age (n = 102) 59.5 (57.4-61.5)
Obesity (n = 99)

Normal weight 19 (19.2)

Mild obesity 43 (43.4)

Medium obesity 35 (35.4)

Severe obesity 2(2)

BMI (n = 99)
Workers’ compensation (n = 94)

28.7 (27.6-29.8)

Yes 13 (7.5)

No 87 (92.5)
Diabetes (n = 93)

Yes 14 (15)

No 86 (85)
Smoking (n = 98)

No 83 (85)

Yes 17 (15)
Duration of symptoms, y (n = 39) 4 (2.8-5.2)
Side of injury (n = 102)

Right 66 (65)

Left 36 (35)
Cause of injury (n = 95)

Motor bike accident 1D

Car accident 1(1)

Work accident 7(7.4)

Sport 12 (12.6)

Other accident 41 (43.2)

No known injury 33 (34.7)
Surgery (n = 103)

Yes 57 (55.3)

No 46 (44.7)

“BMI, body mass index.

The Orthopaedic Journal of Sports Medicine

of symptoms, light or manual daily work, alcohol use 1 or 2
times per week or more, partial-thickness tears, and
absence of fatty infiltration. In a similar study by Jain
et al,” this time looking at predictors of pain and functional
outcomes after operative treatment of RCTs in 50 patients,
the investigators reported that patients with higher fear
avoidance behavior and alcohol use had worse shoulder
pain and function at 18 months after surgery. These latter
findings were not tested in our study, as we focused on a
different set of predictors. In a study published in 2018,
Boorman et al® followed patients receiving nonoperative
treatment for RCTs; the study included a total of 104
patients initially, 93 of whom were contacted at 2 years of
follow-up and 63 of whom completed follow-up at 5 years.
The investigators reported that 75% of the patients
remained in the nonoperative group at 5 years, 3 patients
had subsequent surgery for the tear at 2 to 5 years, and
there were no differences in the Rotator Cuff Quality of Life
scores between operative and nonoperative groups at 5
years. No predictive modeling was done in the latter study.
A systematic review and meta-analysis that included only
level 1 or 2 studies found 3 relevant studies that included
269 patients in total with 1 year of follow-up.*® Across those
3 studies, the operative group had better outcomes than the
nonoperative group, but the differences were generally
small; the authors concluded that larger, longer-term stud-
ies are needed. Our study partially fills these gaps by pro-
viding a larger sample size with long-term follow-up and
extensive modeling, although more studies are needed.®®
This study has several strengths and limitations. We
included a large sample size at baseline that exceeded our
sample size requirements for our primary outcome; as well,
the sample size exceeded requirements out to year 4 of
follow-up for most of our outcome measures and covariates.
Therefore, our findings are likely robust for the sample
included. However, given that we used convenience sam-
pling, not all included patients were followed up for the
same amount of time because their presentation and inclu-
sion dates were variable; for many of the patients, data
collection was ongoing. Thus, the sample of patients we had
at each follow-up point might have been slightly different
from the sample at other points. Another strength is our
multilevel regression modeling, controlling for a selection
of covariates. This modeling allowed us to determine the
influence of a variety of covariates across time for trends

TABLE 9
Subgroup Analysis for Absolute Change From Baseline for WORC and ASES for Patients Who Had Formal Physical Therapy
Before Study Inclusion®

6 mo ly 2y 3y 4y
WORC n=>54 n =56 n =48 n =40 n=19
Operative 25.1 (14.5 to 35.8) 39.2 (30.9 to 47.6) 36.6 (37.2 to 55.4) 48.0 (37.7 to 58.3) 52.7 (27.2 to 78.2)
Nonoperative 12.1 (4.7 to 19.9) 3.7 (-5.6 to 13.2) 12.6 (3.9 to 21.3) 16.2 (2.61 to 29.7) 27.4 (9.8 to 44.9)

ASES n =50 n =46
Operative 26.1 (14.3 to 37.4) 24.0 (12.3 to 35.6)
Nonoperative 17.1 (8.2 to 27.2) 21.4 (10.9 to 31.9)

30.5 (20.0 to 41.0)
21.1(9.0-33.1)

n=>51 n =38 n=21
44.4 (36.4 to 52.3) 41.8 (28.7 to 54.9)
20.4 (6.9 to 33.9) 22.1 (8.7 to 35.5)

“Values are expressed as change from baseline (95% CI). ASES, American Shoulder and Elbow Surgeons; WORC, Western Ontario Rotator

Cuff Index.
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and changes in the outcome variables. Therefore, our main
findings, that patients with operative treatment have bet-
ter outcomes and that patients with diabetes fare worse
across time, are likely robust. Of course, given the observa-
tional nature of this study, we cannot absolutely rule out
the influence of unknown and unmeasured effect modifiers
or confounding variables. Other findings are also likely
robust, although the effect sizes are small; these should
be followed up in future research. Specifically, follow-up
studies should use stratification on the variables we found
that had associations with our outcomes to tease out and
confirm the effects of our findings.

One limitation of this study was that our sample was
from a single clinical site, potentially limiting the general-
izability of the findings. However, we did characterize these
patients quite well, and readers can use our descriptions to
guide their application of our findings. We only included
patients with confirmed, symptomatic RCTs, which also
limits the generalizability of our findings yet is a strength
of this project because the patients provide a homogeneous
sample of pathologies. We did not stratify or control for the
size, shape, severity, or location of the tear or concomitant
pathologies, which could have resulted in lack of specificity
of our findings to particular subgroups of individuals. The
concept of heterogeneity of treatment effect is relevant here
in that patients with different types of tears could have
experienced heterogeneous effects of the interventions, and
furthermore, the covariates included could have had vari-
able effect modification on these subgroups. These hypoth-
eses remain to be tested. Furthermore, the exclusion of cuff
tears in which a complete footprint coverage was not possi-
ble potentially biases the operative group to smaller tears.
However, the degree of bias here, if any, is unknown.
Finally, we ran 35 separate regression analyses, which
increased our risk of a type 1 error. Nonetheless, our anal-
ysis for the primary outcome was properly powered, and the
modeling was multivariable and adjusted; therefore, we
expect these findings to be robust.

CONCLUSION

Patients with RCTs who underwent both operative and
nonoperative treatments tended to improve, and patients
who received operative treatment improved faster within
the first 3 years. There appear to be several predictors of
improved and worsened outcomes that may help us tailor
our treatments to individuals with specific characteristics.
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