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Structural Characteristics Are Not
Associated With Pain and Function
in Rotator Cuff Tears
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Background: Structural characteristics of rotator cuff tears are used in surgical decision making. However, data on the association
of tear size with patient-reported pain and function are sparse.

Purpose: To assess the association of tear size, fatty infiltration, and muscle atrophy with shoulder pain/function in patients with
cuff tears undergoing operative and nonoperative treatment.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 67 patients with rotator cuff tears were recruited for this longitudinal cohort study. Patients were determined to
have a cuff tear using clinical assessment and blinded magnetic resonance imaging review. The Shoulder Pain and Disability Index
(SPADI) was used as a measure of shoulder pain and function.

Results: Tear size and thickness were not significantly associated with pain (SPADI pain score, 60.6 [95% Cl, 49.8-71.5] for partial-
thickness tear; 56.8 [95% ClI, 42.8-70.7] for <2 cm full-thickness tear; 60.4 [95% ClI, 51.7-69.0] for >2 cm full-thickness tear). Tear
size and thickness were not associated with function (SPADI disability score, 42.7 [95% CI, 29.8-55.6] for partial-thickness tear;
37.6 [95% Cl, 23.9-51.4] for <2 cm full-thickness tear; 45.1 [95% ClI, 35.4-54.8] for >2 cm full-thickness tear). Fatty infiltration,
muscle atrophy, and tendon retraction were also not significantly associated with SPADI pain and disability scores. A Mental Health
Index score of <68 as well as age >60 years were significantly associated with a higher SPADI pain score. Female sex, increased
number of comorbidities, Mental Health Index score of <68, and age <60 years were significantly associated with a higher SPADI
disability score.

Conclusion: In patients with rotator cuff tears undergoing operative and nonoperative treatment, pain and functional status were
not associated with tear size and thickness, fatty infiltration, and muscle atrophy. Conversely, factors unrelated to cuff anatomy
such as mental health, comorbidities, age, and sex were associated with pain/function. These findings have clinical implications
during surgical decision making and suggest that pain and functional disability in patients with rotator cuff tears is multifactorial and
should not solely be attributed to structural characteristics.
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In the United States, an estimated 272,148 rotator cuff
repairs were performed in 2006—an increase of 141% from
1996.5 Although structural characteristics such as size of
rotator cuff tear, fatty infiltration, and muscle atrophy are
some of the factors considered during surgical decision
making,®?3 the association of tear size with patient symp-
toms and function is debated.®1%13 A few previous studies
suggest that increase in rotator cuff tear size is associated
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with progression from an asymptomatic to a symptomatic
rotator cuff tear,'517:28:29

The objective of our study was to determine the associa-
tion of structural characteristics such as rotator cuff tear
size, muscle atrophy, and fatty infiltration with shoulder
pain and function in patients with cuff tears undergoing
nonoperative and operative treatment. We also assessed
the relationship of age, sex, symptom duration, body mass
index, and mental health with shoulder pain and function.
Our hypothesis was that shoulder pain and function were
not associated with tear size but are associated with social
and demographic factors.
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METHODS
Patient Population

We recruited a longitudinal cohort of patients with shoulder
pain from orthopaedic and physiatry clinics at 2 academic
medical centers between February 2011 and December
2012. The study is termed the ROW (Rotator Cuff Outcomes
Workgroup) Study. Eligibility criteria for this cohort study
include age 45 years and older and shoulder symptoms for
at least 4 weeks. Exclusion criteria include a current
shoulder fracture, prior shoulder surgery, evidence of cervi-
cal radiculopathy (assessed by neck pain radiating to the
shoulder/arm/hand), and presence of claustrophobia, pace-
maker, defibrillator, or other surgical hardware that
would be a relative magnetic resonance imaging (MRI)
contraindication. All the eligibility and exclusion criteria
were applied to the symptomatic shoulder. In cases with
bilateral shoulder involvement, the shoulder with a greater
degree of pain was assessed. We recruited 79 patients with
rotator cuff tears that met our diagnostic criteria for the
ROW study. Of the 79 patients, 8 patients were excluded
because they ultimately needed a shoulder arthroplasty, and
4 patients were excluded because of missing data on
Shoulder Pain and Disability Index (SPADI) scores.

Approval for this study was obtained from the institu-
tional review boards at our institutions, and informed con-
sent was obtained from all participants.

Shoulder Questionnaire and Standardized
Pain and Function Questionnaires

A standardized shoulder and general health questionnaire
was developed based on published literature and input
from our shoulder experts prior to recruitment for the
study. This questionnaire included information on age, sex,
smoking status, symptom duration, comorbidities, and
whether the patient had prior surgery (for any reason). It
was administered at the patient’s baseline visit. Mental
health was assessed using the Mental Health Index-5
questionnaire (MHI-5),2 a component of the 36-item Short
Form Health Survey (SF-36).2°> MHI-5 scores range from
0 to 100, and a score of <68 on the MHI-5 is indicative of
a probable mood disorder (including depression).'®2*
Shoulder pain and function were assessed using the
SPADI?! a standardized questionnaire. There is a pain
scale and a disability scale associated with the SPADI. It
has good psychometric properties, in general and specific
to rotator cuff tear,*"1%1927 and has a minimal clinically
important difference of >10 points.?” As compared with
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visual analog pain scores, the SPADI pain score provides
more detailed information on shoulder pain during activi-
ties such as lying down, overhead tasks, pushing objects,
and internal rotation of the arm. The SPADI disability scale
provides composite information on functional limitations
during activities such as washing hair/back, dressing, and
carrying objects and with internal rotation of the arm.
SPADI scores range between 0 and 100, with lower scores
representing better pain and functional status.

Standardized MRI Assessments

Once a patient was recruited, an MRI review was per-
formed by 2 fellowship-trained shoulder experts until con-
sensus. The reviewers were blinded to patient identifiers
and clinical findings. Substantial intra- and interrater
reliability of MRI assessments have been shown when
compared with a musculoskeletal radiologist, with point
estimates for kappa ranging from 0.75 to 0.90 for tear pres-
ence, tear size, and tear thickness.'’ Qur imaging para-
meters for diagnosing full- and partial-thickness tears
have been previously described and are based on pub-
lished literature.'''®2° Tear size was measured for full-
thickness tears in longitudinal and transverse planes.
Tear size was categorized into partial-thickness tear,
<2 cm full-thickness tear, and >2 cm full-thickness
tear. In cases of multiple tendon tears, only the largest
longitudinal/transverse tears were considered in the anal-
yses. Fatty infiltration was determined based on the clas-
sification described by Goutallier et al,® and classification
of muscle atrophy was based on that by Warner et al.?®
Tendon retraction in the coronal plane was classified in
stages as described by Boileau et al.3

Determination of Rotator Cuff Tear

We used strict criteria to determine the presence of a rota-
tor cuff tear. Participants underwent a clinical assessment
(without taking imaging findings into consideration) by a
fellowship-trained shoulder/sports medicine attending phy-
sician. Based on their clinical assessment, the attending
physician marked the degree of certainty, on a continuous
scale of 0 to 100, that the patient’s symptoms were attribu-
table to a rotator cuff tear. As described above, a blinded
standardized MRI review was subsequently performed.
Participants were determined to have a symptomatic rota-
tor cuff tear if the degree of certainty marked by the attend-
ing physicians was at least 50% and the MRI confirmed the
presence of a rotator cuff tear on blinded review.
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TABLE 1
Baseline Characteristics of Patients
With Rotator Cuff Tears (N = 67)*
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TABLE 2
Magnetic Resonance Imaging Characteristics
of Patients With Rotator Cuff Tears®

Mean + SD or n (%) n (%)
Age, y Number of tendons torn
<60 28 +41.8 1 42 (63)
>60 39 +58.2 >2 25 (37)
Body mass index, kg/m? 294 +6.1 Tear size and thickness®
Number of prior procedures® Partial tear 22 (34)
0 48 (72) <2 cm 13 (20)
>1 19 (28) >2 cm 30 (46)
Mental Health Index—5 Longitudinal tear size and thickness®
<68 13 (20) Partial tear 22 (34)
>68 53 (80) <2 cm 15 (23)
Duration of symptoms, mo >2 cm 28 (43)
1-2 11 (18) Transverse tear size and thickness®
3-6 19 (30) Partial tear 22 (34)
7-12 14 (22) <2 cm 22 (34)
>12 19 (30) >2 cm 21 (32)
Sex Fatty infiltration?
Female 30 (45) Grade 0 39 (62)
Male 37 (55) Grade 1 7(11)
Smoking status Grade 2 8(13)
Never or former 58 (89) Grade 3 2(3)
Current 711 Grade 4 711
Hormone replacement therapy (females) Tendon retraction
No 25 (83) Not applicable® 25 (37)
Yes 5(17) Stage I 13 (19)
Number of comorbidities Stage II 7 (10)
0 19 (28) Stage III 14 (21)
1-3 12 (18) Stage IV 8(12)
>3 36 (54) Muscle atrophy®
Treatment group None 48 (76)
Surgery 32 (48) Mild 3(5)
Nonoperative 35 (52) Moderate 6 (10)
Shoulder Pain and Disability Index Severe 6 (10)
Pain score 60 (38, 80)° Tendon torn”
Disability score 40 (20, 64)° Supraspinatus 63 (94)
Subscapularis 14 (21)
“Number of patients missing data: body mass index, 3; Mental Infraspinatus 26 (39)
Health Index-5, 1; symptom duration, 4; smoking status, 2. Teres minor 0 (0)

bAny orthopaedic or nonorthopaedic surgical procedures.
‘Expressed as median (25th, 75th percentile).

Patients were referred for operative or nonoperative
treatment during their clinical visit independent of our
study protocol.

Statistical Analysis

Since SPADI pain and disability scales capture different
dimensions in patients with rotator cuff disorders, we
assessed these 2 scales as separate outcome measures
(rather than as a composite scale). We determined bivariate
associations of SPADI pain and SPADI disability scores
with characteristics such as age, body mass index, MHI-5
score, and number of comorbidities. We also assessed the
relationship between SPADI scales and MRI features such
as tear size, fatty infiltration, and muscle atrophy. We used
analysis of variance to assess association between SPADI
scores and the variables of interest.

“Number of patients missing data: tear size and thickness, 2;
longitudinal size, 2; transverse size, 2; fatty infiltration, 4; muscle
atrophy, 4.

bTear size determined by tendon having the largest size tear in
longitudinal or transverse planes.

‘Tear size determined by the tendon having the largest size
tear.

9Grading reported for muscle most severely affected.

“Tear was partial-thickness.

Total is >100% due to multiple tendons torn in some patients.

RESULTS

A majority of participants in our study were >60 years of
age (568%), and 55% of patients were male (Table 1). Our
cohort consisted of patients undergoing operative (48%)
and nonoperative (52%) treatments. The median SPADI
pain score was 60.0, and the median SPADI disability
score was 40.0. A majority of patients in our cohort had
full-thickness tears (69%) (Table 2). Tear size and thick-
ness were not significantly associated with SPADI pain
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Figure 1. (A) Scatter plot of rotator cuff tear size and Shoulder Pain and Disability Index (SPADI) pain score. Tear size determined by
tendon with the largest tear size in longitudinal or transverse planes. (B) Scatter plot of rotator cuff tear size and SPADI disability
score. Tear size determined by tendon with the largest tear size in longitudinal or transverse planes.

TABLE 3
Association of Structural Characteristics of Rotator Cuff Tears With Pain and Function®

SPADI Pain SPADI Disability
Mean (95% CI) P Value Mean (95% CI) P Value
Number of tendons torn .99 48
1 60.3 (53.0-67.6) 41.3 (32.9-49.7)
>2 60.4 (50.7-70.1) 46.0 (35.9-56.1)
Tear size and thickness® .88 .70
Partial-thickness tear 60.6 (49.8-71.5) 42.7 (29.8-55.6)
<2 cm 56.8 (42.8-70.7) 37.6 (23.9-51.4)
>2 cm 60.4 (51.7-69.0) 45.1 (35.4-54.8)
Fatty infiltration® .19 .76
Grade 0 61.2 (53.8-68.7) 43.6 (35.2-52.0)
Grade 1 67.4 (38.1-96.7) 50.4 (16.7-84.0)
Grade 2 69.6 (57.0-82.1) 42.0 (21.8-62.2)
Grade 3 40.0 (0-167.1) 21.9 (0-220.4)
Grade 4 46.3 (29.0-63.6) 42.5 (23.8-61.2)
Muscle atrophy® .35 .46
None 62.0 (55.1-68.8) 43.9 (35.9-51.9)
Mild 74.8 (24.8-124.8) 59.2 (0-132.8)
Moderate 55.7 (33.4-77.9) 30.4 (22.1-38.7)
Severe 48.0 (27.1-68.9) 44.2 (21.5-66.8)
Tendon torn
Supraspinatus 59.6 (53.7-65.5) .33 43.6 (37.0-50.2) .49
Subscapularis 61.3 (47.1-75.5) .87 43.4 (27.9-58.9) .96
Infraspinatus 61.4 (51.8-70.9) 17 45.4 (35.7-55.2) .56

“Number of patients missing data: tear size and thickness, 2; fatty infiltration, 4; muscle atrophy, 4. SPADI, Shoulder Pain and Disability

Index.

bTear size determined by tendon having the largest size tear in longitudinal or transverse planes.
‘Reported for the most severe among the tendons torn.

(partial-thickness, 60.6 [95% CI, 49.8-71.5]; <2 cm, 56.8
[95% CI, 42.8-70.7]; >2 cm, 60.4 [95% CI, 51.7-69.0])
(Figure 1A and Table 3) or SPADI disability (partial-
thickness, 42.7 [95% CI, 29.8-55.6]; <2 cm, 37.6 [95% CI,

23.9-51.4]; >2 cm, 45.1 [95% CI, 35.4-54.8]) (Figure 1B and
Table 3). Results were similar when tear sizes were
assessed in longitudinal or transverse planes. There was
no statistically significant association of other structural
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TABLE 4
Association of Patient Demographics and Comorbid Factors With Pain and Function in Patients With Rotator Cuff Tears®
SPADI Pain SPADI Disability
Mean (95% CI) P Value Mean (95% CI) P Value
Sex .20 .01
Female 64.4 (55.5-73.3) 52.3 (42.6-62.0)
Male 57.0 (49.4-64.6) 35.6 (27.6-43.5)
Age,y .01 .04
<60 69.4 (61.0-77.9) 50.6 (39.9-61.3)
>60 53.8 (46.5-61.1) 37.6 (30.0-45.3)
Body mass index, kg/m? .60 .84
<30 59.2 (51.5-66.9) 43.3 (34.7-51.9)
>30 62.3 (52.9-71.7) 42.0 (31.8-52.2)
Number of comorbidities .08 .06
0 50.1 (37.3-62.9) 31.1 (17.2-44.9)
1-3 64.2 (52.2-76.1) 46.9 (33.9-59.8)
>3 64.5 (57.1-71.8) 48.1 (39.8-56.5)
Number of prior procedures .06 .09
0 63.8 (57.1-70.4) 46.5 (38.6-54.4)
>1 51.7 (40.6-62.8) 34.4 (24.4-44.4)
Mental Health Index-5 .01 .01
<68 75.0 (60.5-89.4) 59.3 (42.9-75.7)
>68 56.3 (50.3-62.3) 38.2 (31.7-44.7)
Symptom duration, mo 91 .86
1-2 63.5 (45.4-81.5) 48.3 (28.8-67.8)
3-6 57.6 (44.6-70.5) 39.9 (27.5-52.3)
7-12 59.8 (48.4-71.1) 45.3 (30.4-60.2)
>12 62.0 (50.6-73.4) 44.0 (30.4-57.6)
Smoking status 21 .34

Never or former smoker
Current smoker

59.2 (52.8-65.6)
71.1(60.7-81.5)

42.5 (35.5-49.5)
52.5 (32.4-72.6)

“Number of patients missing data: body mass index 3; Mental Health Index—5, 1; symptom duration, 4; smoking status, 2. SPADI,

Shoulder Pain and Disability Index.

characteristics of the rotator cuff such as fatty infiltration,
tendon retraction, or muscle atrophy with SPADI pain and
disability scores.

An MHI-5 score of <68 was associated with signifi-
cantly higher SPADI pain scores (75.0 [95% CI, 60.5-
89.4] vs 56.3 [95% CI, 50.3-62.3] in those with MHI-5
>68). Younger age was also associated with significantly
higher SPADI pain scores (69.4 [95% CI, 61.0-77.9] for <60
years vs 53.8 [95% CI, 46.5-61.1] for >60 years) (Table 4).
Female sex (52.3 [95% CI, 42.6-62.0] vs 35.6 [95% CI,
27.6-43.5] for males), a greater number of comorbidities,
an MHI-5 score of <68, and age <60 years were signifi-
cantly associated with a higher SPADI disability score
(50.6 [95% CI, 39.9-61.3] vs 37.6 [95% CI, 30.0-45.3] for
>60 years). Symptom duration, smoking status, and body
mass index were not significantly associated with SPADI
pain or disability.

DISCUSSION

Recent studies have heightened attention to structural
attributes of rotator cuff tears, including implications of
tear size progression.!®16:2930 Thege structural character-
istics are used as a proxy for disease severity to inform

surgical decision making. However, the association of
structural characteristics with pain and function in
patients with rotator cuff tears is debated.®'%13 We found
that patient-reported pain and function is not associated
with structural characteristics such as tear size, fatty
infiltration, tendon retraction, and muscle atrophy in
patients with rotator cuff tears undergoing operative and
nonoperative treatment. Conversely, factors unrelated to
structural characteristics of the rotator cuff such as
MHI-5, sex, and age were associated with pain and func-
tion in patients with rotator cuff tears.

A recent study found that tendon retraction, superior
humeral head migration, and fatty degeneration of the
supraspinatus were not associated with visual analog pain
scores in patients with rotator cuff tears.® This was a large
and rigorously performed study but only included patients
undergoing nonoperative treatment. Our study has a
smaller sample size and reports on patients undergoing
operative and nonoperative treatment. We also used a
multi-item composite SPADI score to assess pain and func-
tion during various activities as compared with the visual
analog pain score used in this recent study. Harris et al'®
found that tear size was not significantly associated with
increased Western Ontario Rotator Cuff Index scores. This
study also reported that female sex was associated with
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higher Western Ontario Rotator Cuff Index scores.'® Zingg
et al® reported on a cohort of patients that underwent non-
operative treatment for a massive rotator cuff tear. In this
cohort, tear size and fatty infiltration increased over a
mean 48-month period of follow-up; however, there was
no change in functional status as measured by active range
of motion. Krief and Huguet'® found that tear size did not
correlate with pain and disability as measured by the
L'Insalata Self-Administered Questionnaire. Our study
found that structural characteristics of the rotator cuff in
patients with symptomatic rotator cuff tears were not sig-
nificantly associated with pain and disability as measured
by the SPADI.'® Duration of symptoms was also not signif-
icantly associated with SPADI.

A limited number of studies have reported on progression
of tear size and patient symptoms. Mall et al*® found that a
mean increase in tear size of 0.51 cm was significantly asso-
ciated with progression from asymptomatic to symptomatic
rotator cuff tear. Moosmayer et al*” found that sympto-
matic rotator cuff tears were associated with tear size
>3 cm (medial to lateral) and >grade 1 supraspinatus and
infraspinatus fatty degeneration as compared with asymp-
tomatic tears. Although our study does not provide longitu-
dinal data on whether increase in tear size leads to
deterioration in SPADI pain and disability scores, it pro-
vides evidence that structural attributes of rotator cuff
tears are not associated with pain and function at baseline.

Our data show that increased pain and decreased func-
tion were associated with variables unrelated to structural
characteristics of the rotator cuff such as mental health,
sex, and age. Younger age was associated with increased
pain and reduced function in our cohort, which may be as
a result of higher demand in younger and more active
patients. Similar to our results, Dunn et al® recently
reported that an increased number of comorbidities, a lower
education status, and black race were associated with a
higher visual analog pain score in patients with rotator cuff
tears undergoing nonoperative treatment. Harris et al'®
found that male sex was related to reduced function and
increased pain in patients with a rotator cuff tears. Scarlat
and Florescu®? reported reduced shoulder function and a
higher demand for treatment in patients with depression.

Limitations of our study include the inability to provide
longitudinal data on progression of tear size and fatty infil-
tration, and its association with shoulder pain and disabil-
ity. We also had a relatively smaller sample size of patients
with subscapularis tears that may have different pain and
functional profiles as compared with supraspinatus and
infraspinatus tears. Our study also had small sample sizes
for other subgroup analyses, and we do not present infor-
mation on treatments received prior to presentation or
whether the tear was a result of trauma. Strengths of our
study include a robust cohort study design, a strict defini-
tion of rotator cuff tear based on structural findings and
clinical assessment, use of a composite pain and function
scale (SPADI), and the inclusion of patients undergoing
operative and nonoperative treatments.

Our study provides evidence that patient-reported pain
and function are not associated with tear size, tear thick-
ness, fatty infiltration, or muscle atrophy. Factors unrelated
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to anatomy of the rotator cuff, such as mental health,
comorbidities, younger age, and female sex were associated
with pain/functional status. Our study adds to the recent
literature® by including patients with rotator cuff tears
undergoing operative and nonoperative treatments. These
findings have clinical implications during surgical decision
making in patients with rotator cuff tears and suggest that
pain and functional disability in patients with rotator cuff
tears are multifactorial and should not solely be attributed
to structural characteristics of the rotator cuff.
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