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Background: Optimal patient selection is key to the success of nonoperative treatment for rotator cuff tears.

Purpose: To assess the predictors of pain and functional outcomes in a longitudinal cohort of patients undergoing nonoperative
treatment.

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

Methods: A multicenter cohort of patients with rotator cuff tears undergoing nonoperative treatment was recruited from March
2011 to February 2015. Patients completed a detailed health questionnaire, completed standardized shoulder questionnaires
including the Shoulder Pain and Disability Index (SPADI), and underwent magnetic resonance imaging. In addition to baseline
assessments, patients received follow-up questionnaires at 3, 6, 12, and 18 months. Longitudinal mixed models were used to test
predictors of the SPADI score, and interactions with time were assessed.

Results: In our cohort of 70 patients, being married as compared with being single/divorced/widowed (P ¼ .02), a shorter duration
of symptoms (P ¼ .02), daily shoulder use at work that included light or no manual labor versus moderate or heavy manual labor
(P ¼ .04), alcohol use of 1 to 2 times per week or more as compared with 2 to 3 times per month or less (P ¼ .007), and absence of
fatty infiltration (P¼ .0009) were significantly associated with decreased SPADI scores (improved shoulder pain and disability) over
time. When interactions with time were assessed, having a college level of education or higher compared with less than a college
education showed a differential effect over time, with those with a college level of education or more having lower SPADI scores
(P ¼ .004). Partial-thickness tear versus full-thickness tear also had an interaction with follow-up duration, such that those with a
partial-thickness tear had lower SPADI scores (P ¼ .0002).

Conclusion: Longitudinal predictors of better outcomes of the nonoperative treatment of rotator cuff tears included being
married, having at least a college education, shorter duration of symptoms, light or manual labor in daily work, alcohol use of
1 to 2 times per week or more, partial-thickness tear, and absence of fatty infiltration of the rotator cuff. Our results suggest
that nonoperative treatment should be performed early for optimal outcomes. These data can be used to select optimal
candidates for the nonoperative treatment of rotator cuff tears and to assist with patient education and expectations before
treatment.
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Patients with symptomatic rotator cuff tears are typically
offered either operative or nonoperative treatment. Studies
indicate that patients undergoing nonoperative treatment
for rotator cuff tears have improved pain and function at
follow-up.3,4,7,11 Patient selection based on characteristics
associated with better outcomes is key to the success of
nonoperative treatment.

Most prior studies have focused on factors associated
with outcomes after surgical treatment. As such, there are
sparse data on longitudinal predictors of better pain and

functional outcomes after nonoperative treatment. Prior
studies have also assessed only a limited number of fac-
tors associated with the outcomes of nonoperative treat-
ment. A comprehensive longitudinal analysis of the
possible predictors of outcomes of nonoperative treat-
ment is lacking. These data can be useful in clinical set-
tings to optimize outcomes after nonoperative treatment.
Information on factors predicting better outcomes of non-
operative treatment may also save expenses and time
toward nonoperative treatment when it is not the opti-
mal choice. In a cohort of patients with rotator cuff tears
observed longitudinally, we assessed the predictors of
better pain and functional outcomes with nonoperative
treatment.

The Orthopaedic Journal of Sports Medicine, 6(8), 2325967118788531
DOI: 10.1177/2325967118788531
ª The Author(s) 2018

1

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For reprints and permission queries, please visit SAGE’s website at
http://www.sagepub.com/journalsPermissions.nav.

https://doi.org/10.1177/2325967118788531
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2325967118788531&domain=pdf&date_stamp=2018-08-03


METHODS

Patient Population

We recruited a prospective cohort of patients with symp-
tomatic (for at least 4 weeks) rotator cuff tears undergoing
nonoperative treatment in a multicenter longitudinal study
termed the Rotator Cuff Outcomes Workgroup (ROW).
Randomization to treatment was not performed in this
study. Nonoperative treatment recommendations included
physical therapy. As this was a pragmatic cohort study, the
frequency and duration of physical therapy were not stan-
dardized. Patients could pursue corticosteroid injections or
medications as per their preferences.

Patients aged 45 years and older were recruited from
sports/shoulder clinics at 3 academic settings and 1 com-
munity setting between March 2011 and February 2015.
Exclusion criteria were a current shoulder fracture, prior
shoulder surgery (on the index shoulder), and active cervi-
cal radiculopathy (elicited as neck pain radiating to the
shoulder/arm/hand). Patients who underwent rotator cuff
surgery during follow-up (n¼ 7) or had missing information
on the Shoulder Pain and Disability Index (SPADI), our
primary outcome measure, were excluded from the analysis
(n ¼ 7). Patients provided informed consent, and the study
was approved by our institutional review board.

Structured History Questionnaire
and Outcome Measures

Patients completed a structured shoulder and general
health questionnaire at baseline. An abbreviated version
of this questionnaire (without questions on comorbidities
and social history) was completed by patients at each of the
follow-up time points. This questionnaire assessed patient
demographics, comorbidities, symptoms, smoking/alcohol
habits, and patient expectations after treatment about the
magnitude of improvement expected. Daily shoulder use at
work was assessed by asking patients about manual labor
at their current job. If patients were not working, they were
instructed to answer the question for their past job. The
Fear-Avoidance Beliefs Questionnaire (FABQ) was admin-
istered to patients. The FABQ was designed by Waddell
et al16 to assess fear-avoidance beliefs about physical activ-
ity and work in patients with low back pain. We modified
the FABQ (4 items that contribute toward scoring) to state
“shoulder” instead of “back” for our study. The scale has 24

possible points, with a higher score indicating worse fear-
avoidance behavior. Mental health was assessed using the
Mental Health Inventory (MHI-5),2 a component of the 36-
item Short-Form Health Survey.17 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).10,15

Patients also completed shoulder pain and function ques-
tionnaires including the SPADI,14 a standardized 13-item
questionnaire. The SPADI has a pain scale (5 items) and a
disability scale (8 items) that elicit information on pain and
functional limitations with activities of daily living. The
composite SPADI score ranges from 0 to 100, with higher
scores reflecting worse pain and function. The minimal
clinically important difference for the SPADI is 10 points.
If a patient was missing more than 2 items of the SPADI,
the SPADI score was assigned a missing value.

Strength Testing

Strength testing was performed using a handheld dyna-
mometer in abduction, external rotation, and internal rota-
tion by trained research assistants only at baseline. A
clinical examination including strength testing was not
performed at follow-up. Both the affected and contralateral
shoulders were assessed, and an average of 2 consecutive
measurements that were at least 10 seconds apart were
used in our analysis. Our detailed protocol for standardized
strength testing has been previously described.9,13

Strength testing using a dynamometer has good intrarater
and interrater reliability.6 We used a ratio of affected shoul-
der 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 by consensus of 2 shoulder experts
(L.D.H. and N.B.J. or J.E.K. and N.B.J.). Although this was
a pragmatic cohort with no specific requirements for MRI,
most patients underwent MRI on a 1.5-T or 3.0-T magnet
with a dedicated shoulder coil. The following sequences were
usually obtained: coronal oblique fast-spin echo (FSE) proton
density–weighted images, coronal oblique FSE short tau
inversion recovery images, sagittal FSE proton density– or
T2-weighted images with fat suppression, sagittal FSE T1-
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weighted images, axial T1-weighted images, and axial T2-
weighted gradient echo images. Previous work has shown
good interrater and intrarater reliability for these MRI read-
ings as compared with a reading by a musculoskeletal radi-
ologist.8 Kappa values ranged from 0.75 to 0.90 for tear
presence, tear size, and tear thickness.8 MRI features
including tear thickness, tear size in the longitudinal and
transverse planes, fatty infiltration of the rotator cuff mus-
cles, tendon retraction, and rotator cuff muscle atrophy were
assessed. Criteria for each of these measurements follow
standard nomenclature and have been previously
described.8

Diagnosis of Rotator Cuff Tear

Rotator cuff tears were diagnosed based on the clinical
impression of a sports/shoulder fellowship–trained attend-
ing physician and evidence of structural deficits on MRI
(when available). In cases where an MRI scan was avail-
able, both of these conditions had to be met for a patient to
be diagnosed with a rotator cuff tear. If an MRI scan was
unavailable (because it was not clinically indicated; n¼ 14),
the diagnosis was based on the clinician’s impression.

The diagnosis of a biceps tendon lesion was based on the
physician, indicating that the patient had clinical signs and
symptoms corresponding to biceps disease (a “yes/no”
question).

Longitudinal Follow-up

Patients were assessed at approximately 3, 6, 12, and 18
months after the baseline visit for this analysis. Follow-up
was performed via mail, and patients received telephone or
email reminders if they did not return the questionnaires. All
70 patients had at least 1 follow-up from baseline, although
full responses were unavailable at all of the follow-up time
points (responses received: n ¼ 59 at 3 months, n ¼ 48 at 6
months, n ¼ 45 at 12 months, and n ¼ 41 at 18 months).

Statistical Analysis

We report covariate effects on the SPADI measured over 18
months of follow-up. A total of 21 variables and their inter-
actions with time were assessed, including demographics,
patient symptoms, comorbidities, personal habits, shoulder
strength, and patient expectations. An a priori sample size
calculation was not performed. Tear size was not used as a
predictor variable because there were patients in whom
MRI was not clinically indicated. Race could not be used
in the analysis because of very few patients in categories
except non-Hispanic white. Continuous variables were
summarized using the interquartile range, median, mean,
and standard deviation.

All models were estimated using a weighted linear mixed
model incorporating a first-order autoregressive (AR(1))
covariance structure with time modeled as 4 dummy vari-
ables at 5 time points (baseline, 3 months, 6 months, 12
months, and 18 months). Our statistical model used all avail-
able follow-up time points for a given patient, thus increasing
the power of the analysis. Results of standard goodness-of-fit

and residual analyses were unremarkable. Variable interac-
tions with time were tested independently, but the full model
(including interactions regardless of statistical significance)
was used to test and estimate model-based (least squares)
mean contrasts. Univariate P values are presented for each
variable based on the global test for the variable and interac-
tions with time. If desired, the 21 univariate models can be
interpreted, adjusting for multiplicity by the reader, using
the Bonferroni adjustment (0.05/21 ¼ 0.002).

RESULTS

Of the 70 patients who underwent nonoperative treatment
in our ROW cohort, 50% of patients were female (Table 1).
The median age of participants was 64.3 years, and a
majority of patients were non-Hispanic white (83%; n ¼
58). The median duration of symptoms was 6.0 months
(mean, 21.1 ± 38.1 months). A concomitant biceps lesion
was present in 30% (n ¼ 21) of patients.

Imaging characteristics could be determined in 56
patients who underwent MRI. A majority of patients had
a full-thickness tear (54%; n ¼ 30) (Table 2). There was no
fatty infiltration of the rotator cuff tendons in 61% (n ¼ 34)
of patients.

In unadjusted multiple comparisons, being married as
compared with being single/divorced/widowed (P ¼ .02)
(Table 3), a shorter duration of symptoms (P ¼ .02), daily
shoulder use at work that included light or no manual labor
versus moderate or heavy manual labor (P ¼ .04), and alco-
hol use of 1 to 2 times per week or more as compared with 2
to 3 times per month or less (P ¼ .007) were significantly
associated with decreased SPADI scores (improved shoul-
der pain and disability) over time. Among structural char-
acteristics of a rotator cuff tear, absence of fatty infiltration
(P ¼ .0009) was significantly associated with decreased
SPADI scores over time. The variables of sex (lower SPADI
scores in male vs female patients), MHI-5 score (lower
SPADI scores with increasing MHI-5 scores), and tendon
retraction (lower SPADI scores with stage 1 or not applica-
ble vs stage 2 or more) were not significant (all P < .10).

When interactions with time were assessed, having a col-
lege level of education or more versus less than a college edu-
cation showed a differential effectover time, with those witha
college level of education or more having lower SPADI scores
(P ¼ .004). Partial-thickness tear versus full-thickness tear
also had an interaction with time, such that those with a
partial-thickness tear had lower SPADI scores (P ¼ .0002).
We present a visual representation of differences in SPADI
scores between groups for significant variables (Figures 1-3).

DISCUSSION

We assessed the predictors of outcomes after nonoperative
treatment in patients with rotator cuff tears in a well-
characterized longitudinal cohort. Treatment outcomes
were measured using the SPADI, which is a pain and func-
tional assessment. The SPADI was used as the primary
outcome for our analysis because it is reliable, validated,
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and shoulder specific. It also has multiple items that assess
pain. The predictors of better outcomes included being mar-
ried, a shorter duration of symptoms, light or no manual
labor in daily work, alcohol use of 1 to 2 times per week or
more, and absence of fatty infiltration of the rotator cuff.

TABLE 1
Baseline Characteristics of Patients (N ¼ 70)a

Sex
Female 35 (50)
Male 35 (50)

Age, y
Median (IQR) 64.3 (59.1-68.4)
Mean ± SD 63.4 ± 8.2

Race/ethnicity
Non-Hispanic white 58 (83)
Other 9 (13)
Missing 3 (4)

Highest level of education
Less than college 23 (33)
College or above 46 (66)
Missing 1 (1)

Marital status
Single/divorced/widowed 19 (27)
Married 49 (70)
Missing 2 (3)

Duration of symptoms, mo
Median (IQR) 6.0 (4.0-18.0)
Mean ± SD 21.1 ± 38.1

Daily shoulder use at work
Heavy/moderate manual labor 12 (17)
Light/no manual labor 58 (83)

Dominant shoulder affected
No 16 (23)
Yes 50 (71)
Missing 4 (6)

Tear as a result of trauma
No 39 (56)
Yes 27 (39)
Missing 4 (6)

External rotation strength ratiob

Median (IQR) 0.77 (0.61-0.99)
Mean ± SD 0.86 ± 0.46

Isolated abduction strength ratiob

Median (IQR) 0.94 (0.82-1.00)
Mean ± SD 0.89 ± 0.18

No. of comorbidities
�1 30 (43)
>1 40 (57)

Smoking
Never 34 (49)
Past/current 35 (50)
Missing 1 (1)

Alcohol use
2-3 times per month or less 40 (57)
1-2 times per week or more 29 (41)
Missing 1 (1)

FABQ score
Median (IQR) 18.0 (12.0-21.0)
Mean ± SD 16.4 ± 6.2

MHI-5 score
Median (IQR) 85.0 (75.0-90.0)
Mean ± SD 80.0 ± 15.0

Patient expectations after treatment
Great improvement 48 (69)
Moderate/little/no improvement

or quality of life will be worse
20 (29)

Missing 2 (3)

(continued)

TABLE 2
MRI Characteristics of Rotator Cuff Tearsa

Longitudinal size of tear,b cm
Median (IQR) 1.0 (0.0-2.5)
Mean ± SD 2.1 ± 2.9

Transverse size of tear,b cm
Median (IQR) 0.75 (0.00-1.58)
Mean ± SD 1.32 ± 1.8

Cross-sectional area of tear,b cm2

Median (IQR) 0.64 (0.00-3.96)
Mean ± SD 7.75 ± 15.6

Thickness of tearc

Partial-thickness 26 (46)
Full-thickness 30 (54)

Fatty infiltrationd

Grade 0 34 (61)
Grade 1 or greater 15 (27)
Missing 7 (12)

Muscle atrophyd

None/mild 43 (77)
Moderate/severe 6 (11)
Missing 7 (12)

No. of tendons torn
1 41 (73)
2 or 3 15 (27)

Tendon retraction
Stage 1 or not applicablee 44 (79)
Stage 2 or more 12 (21)

aData are shown as n (%) unless otherwise indicated. MRI infor-
mation was available for 56 patients; percentages reflect a total of
56 patients (100%). Fatty infiltration and muscle atrophy were
determined by computed tomography in 2 patients, who were
included in the analysis but not in the table. IQR, interquartile
range; MRI, magnetic resonance imaging.

bTear size was determined by the sum of supraspinatus and
infraspinatus tears in the longitudinal or transverse planes for
full-thickness tears only; missing values: longitudinal, n ¼ 3;
transverse, n ¼ 6; and cross-sectional, n ¼ 6.

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

dGrading was reported for the muscle most severely affected.
eBecause the tear was partial thickness.

TABLE 1 (continued)

Presence of associated biceps tendon lesion
No 49 (70)
Yes 21 (30)

aData are shown as n (%) unless otherwise indicated. Missing
values: duration of symptoms, n ¼ 4; external rotation strength
ratio, n ¼ 4; isolated abduction strength ratio, n ¼ 3; and FABQ
score, n ¼ 5. FABQ, Fear-Avoidance Beliefs Questionnaire; IQR,
interquartile range; MHI-5, Mental Health Inventory.

bStrength ratio is measured as affected shoulder versus unaf-
fected shoulder.

4 Jain et al The Orthopaedic Journal of Sports Medicine



Education had an interaction with duration of follow-up in
that there was a greater improvement in patients with at
least a college level of education with a shorter duration of
follow-up. Tear thickness also had an interaction with time
in that those with partial-thickness tears had better shoul-
der pain and function. All of these differences were signif-
icant. It is possible that these factors are also associated
with better outcomes of operative treatment. Our study did
not report on a comparison of outcomes of operative versus
nonoperative treatments.

Nonoperative treatment is one of the standards of care
for patients with rotator cuff tears. Often, nonoperative
treatment is the first line of treatment before surgery is
considered. Rehabilitation with physical therapy is the
mainstay of nonoperative treatment, although other
options/adjuvant therapies such as watchful waiting, acu-
puncture, iontophoresis, phonophoresis, transcutaneous
electrical nerve stimulation, pulsed electromagnetic field,
ultrasound, pharmacological management with analgesics
or anti-inflammatories, and corticosteroid injections are
available. Patients undergoing physical therapy are shown
to improve over time.3,4,7,11 However, nonoperative treat-
ment including physical therapy is expensive, requires a
substantial time commitment from the patient, and uses

health care resources. In some instances, nonoperative
treatment is unsuccessful and thus can be an unneeded
step toward operative treatment. An assessment of the pre-
dictors of better outcomes after nonoperative treatment can
possibly save time and resources spent on patients who may
not benefit from such treatments. Our study accomplishes
this goal in a well-characterized longitudinal cohort. We
performed a longitudinal analysis and assessed factors pos-
sibly associated with the outcomes of nonoperative treat-
ment in a single study.

Previous literature on the predictors of outcomes of non-
operative treatment is limited. A few single-institution

TABLE 3
Predictors of SPADI Score at 18 Monthsa

P Value
for Variable

P Value for
Variable
Duration

of Follow-upb

Highest level of education — .004
Marital status .02 .15
Sex .095 .22
Age .18 .39
Duration of symptoms .02 .75
Daily shoulder use at work .04 .29
Tear as a result of trauma .46 .55
Dominant shoulder affected .79 .84
External rotation strength ratio .18 .60
Isolated abduction strength ratio .33 .68
Alcohol use .007 .77
No. of comorbidities .23 .50
Smoking .26 .51
FABQ score .13 .09
MHI-5 score .065 .75
Patient expectations after treatment .87 .10
Presence of associated biceps tendon

lesion
.42 .75

Fatty infiltration .0009 .12
Thickness of tear — .0002
Tendon retraction .08 .11
No. of torn tendons .19 .83

aVariables significant at P < .05 are boldfaced. FABQ, Fear-
Avoidance Beliefs Questionnaire; MHI-5, Mental Health Inven-
tory; SPADI, Shoulder Pain and Disability Index.

bIf the interaction is significant, the P value for the variable is
not reported.

Figure 1. Estimated differences with 95% CIs in Shoulder
Pain and Disability Index (SPADI) scores for significant vari-
ables. Estimated differences represent the following compar-
isons with a positive difference, indicating that the first group
in the comparison has higher SPADI scores (worse shoulder
pain and disability): (A) marital status: single/divorced/
widowed versus married; (B) duration of symptoms (months):
75th percentile (2.89 months, log-transformed) versus 25th
percentile (1.39 months, log-transformed); (C) daily shoulder
use at work: moderate to heavy versus no or light; (D) alcohol
use: 2-3 times per month or less versus 1-2 times per week or
more; and (E) fatty infiltration: grade 0 versus grade 1 or more.

Figure 2. Estimated differences with 95% CIs in Shoulder
Pain and Disability Index (SPADI) scores for patients with less
than a college education versus those with at least a college
education. Estimated differences at each of the time points
are presented given the significant interaction of highest level
of education with time.
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studies that have addressed this issue have analyzed a lim-
ited number of factors associated with treatment out-
comes.1,4,7 We assessed a variety of potential factors that
could be expected to be associated with treatment
outcomes.

Bartolozzi et al1 observed 136 patients with impinge-
ment syndrome and rotator cuff disease and assessed out-
comes using the University of California, Los Angeles
(UCLA) shoulder rating system at a mean follow-up of 20
months. A tear size �1 cm2 (as compared with tendon
lesions without a tear, a partial-thickness tear, and a tear
size <1 cm2), duration of symptoms >1 year (as compared
with �1 year). and greater functional impairment at initial
presentation were associated with worse outcomes. Our
results also showed that a longer duration of symptoms was
associated with worse outcomes. It is possible that some
patients improved over a period of time with no treatment,
and these patients were not included in our cohort because
they did not seek care, leading to a selection bias in our
cohort. Although tear size could not be analyzed in our
study, tear thickness was significantly associated with the
outcomes of nonoperative treatment and showed an inter-
action with time. Most of the effect was seen at 6 months, in
which patients with partial-thickness tears had better out-
comes as compared with those with full-thickness tears.

There are data to suggest that tears increase in size over
time.12 If this hypothesis is applied to the progression of
partial-thickness tears to full-thickness tears, early nonop-
erative treatment may be advised because the progression
of a tear may lead to worse outcomes in the future, espe-
cially in younger patients. The presence of fatty infiltration,
which is likely a sign of a chronic rotator cuff tear, was
associated with worse outcomes in our study. The presence
of fatty infiltration, along with a longer chronicity of symp-
toms that predicts worse outcomes in our analysis, possibly
indicates that nonoperative treatment is most efficacious in
patients with a shorter duration of symptoms and absence
of fatty infiltration.

Goldberg et al4 reported in 46 patients that younger age
and tears in the dominant extremity were associated with

patients experiencing improvement after the nonopera-
tive treatment of rotator cuff tears. Neither of these vari-
ables was associated with outcomes in our analysis, which
are similar to the results from the study of Itoi and
Tabata.7 However, daily shoulder use at work was associ-
ated with outcomes in our study. Patients working in no or
light manual labor jobs had significantly better outcomes
as compared with those working in moderate or heavy
manual labor jobs. It is likely that daily job demands in
those performing moderate or heavy labor do not allow
recovery in shoulder pain and function because of repeti-
tive use/trauma.

Abduction strength and range of motion at initial presen-
tation have been significantly associated with improvement
in shoulder pain, motion, and strength at follow-up in 23
patients at over 5 years of follow-up.7 Shoulder strength
was not a significant predictor of outcomes in our study.
However, we performed strength testing using a handheld
dynamometer as opposed to the manual muscle strength
testing that was performed by Itoi and Tabata.7

Harris et al5 reported on a large cohort of 389 patients
who underwent nonoperative treatment for symptomatic,
atraumatic, full-thickness rotator cuff tears. Outcomes
were assessed using the Western Ontario Rotator Cuff
Index (WORC) and American Shoulder and Elbow Sur-
geons (ASES) score. Their study assessed factors associated
with outcome scores at baseline and not at follow-up.
Hence, data from that study cannot be used to determine
the predictors of outcomes of nonoperative treatment. A
higher education, active abduction range of motion, and
strength in forward elevation and abduction were associ-
ated with better outcome scores at baseline. Male sex,
supraspinatus atrophy, infraspinatus atrophy, and pres-
ence of scapulothoracic dyskinesia were associated with
worse outcome scores at baseline.

Social demographic determinants such as level of highest
education and marital status were predictors of outcomes
in our study. A married status and higher level of education
may indicate better social support, better compliance with
nonoperative treatment, or better pain-coping mechan-
isms, leading to better treatment outcomes. The association
of alcohol use with treatment outcomes in our study is puz-
zling. It is possible that alcohol use is a proxy for another
variable that was not measured in our cohort.

Limitations of our study include a relatively small sam-
ple size, missing MRI information in 14 patients and hence
the noninclusion of tear size as one of the predictor vari-
ables, and unavailability of complete data at all of the out-
come time points. We also did not have physical
examination information or repeat MRI during follow-up,
which was limited to 18 months. Patients with missing MRI
information were included in the analysis. It is important to
include patients without MRI scans in the analysis to avoid
a spectrum bias in patients undergoing nonoperative treat-
ment, who in many cases do not need imaging unless sur-
gery is indicated. A follow-up physical examination and
longer term follow-up were also unavailable. The analysis
could also not be stratified by tear thickness because of the
relatively small sample size. However, this is one of the few
studies to longitudinally assess prognostic factors in

Figure 3. Estimated differences with 95% CIs in Shoulder
Pain and Disability Index (SPADI) scores for patients with a
full-thickness versus partial-thickness tear. Estimated differ-
ences at each of the time points are presented given the
significant interaction of tear thickness with time.
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patients undergoing nonoperative treatment with a com-
prehensive set of potential predictor variables.

In our prospective cohort study, the longitudinal predic-
tors of better outcomes of nonoperative treatment during 18
months of follow-up included being married, having a col-
lege level of education or more, a shorter duration of symp-
toms, light or manual labor in daily work, alcohol use of 1 to
2 times per week or more, partial-thickness tears, and
absence of fatty infiltration of the rotator cuff. Our results
suggest that nonoperative treatment should be performed
early for optimal outcomes. These data can be used to opti-
mize patient selection for the nonoperative treatment of
rotator cuff tears.
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