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Background: Magnetic resonance imaging (MRI) is commonly used to diagnose structural abnormal-
ities in the shoulder. However, subsequent findings may not be the source of symptoms. The aim of
this study was to determine comparative MRI findings across both shoulders of individuals with unilat-
eral shoulder symptoms.
Materials and methods: We prospectively evaluated 123 individuals from the community who had self-
reported unilateral shoulder pain with no signs of adhesive capsulitis, no substantial range-of-motion
deficit, no history of upper-limb fractures, no repeated shoulder dislocations, and no neck-related
pain. Images in the coronal, sagittal, and axial planes with T1, T2, and proton density sequences
were generated and independently and randomly interpreted by 2 examiners: a board-certified, fellow-
ship-trained orthopedic shoulder surgeon and a musculoskeletal radiologist. Absolute and relative fre-
quencies for each MRI finding were calculated and compared between symptomatic and
asymptomatic shoulders. Agreement between the shoulder surgeon and the radiologist was also deter-
mined.
Results: Abnormal MRI findings were highly prevalent in both shoulders. Only the frequencies of full-
thickness tears in the supraspinatus tendon and glenohumeral osteoarthritis were higher (approximately
10%) in the symptomatic shoulder according to the surgeon’s findings. Agreement between the muscu-
loskeletal radiologist and shoulder surgeon ranged from slight to moderate (0.00-0.51).
Conclusion: Most abnormal MRI findings were not different in frequency between symptomatic and
asymptomatic shoulders. Clinicians should be aware of the common anatomic findings on MRI when
considering diagnostic and treatment planning.
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Shoulder pain is highly prevalent in individuals seeking
health care.45 The pathoanatomic model, whereby the
clinician identifies a specific tissue pathology and presumes
that to be the source of pain, is predominant in the process
to establish the diagnosis and guide the treatment of
shoulder pain by different professionals.2,49 As such, during
diagnosis, magnetic resonance imaging (MRI) is commonly
used to identify structural abnormalities in the shoulder.
MRI allows high-resolution imaging of soft tissues and
presents high sensitivity and diagnostic accuracy for
detecting structural alterations in surgically confirmed
studies.22,36 However, some authors are calling the patho-
anatomic diagnostic model into question because of the
poor association between pathoanatomic findings and
symptoms in individuals with painful shoulders.12,13,37

Previous studies have shown bilateral alterations in the
MRI findings in individuals with unilateral symp-
toms23,28,29,46,52 and in asymptomatic individuals.7,10,18,20,
24,26,29-34,40,42,44,47,51,52 These results suggest that many
findings may be incidental and not the cause of symptoms.
However, the prevalence of alterations in the MRI findings
cannot be extrapolated to the general population with
shoulder pain because most investigations have assessed
only athletes9,30 or small and/or age-restricted
samples.6,9,18,30,41,46

A more comprehensive description of the alterations
found in individuals with unilateral shoulder pain will be an
important addition to the literature as previous side-to-side
comparative studies focused primarily on partial- and full-
thickness tears of the supraspinatus (SST) and infraspinatus
(IST) tendons.6,9,18,23,25,28,29,32,33,41,51,52 Furthermore, a
description of bilateral pathoanatomic findings from a
substantive representative sample of unilaterally involved
individuals can help clinicians interpret the clinical utility
of MRI findings. This is important because of growing
concerns about overuse of MRI and a need to avoid un-
necessary costs in health care provision.1,8,21

The primary objective of this study was to determine
and compare the MRI-identified frequency of tissue pa-
thology bilaterally in individuals with unilateral shoulder
pain. The secondary objective was to determine the
agreement of MRI findings between a board-certified,
fellowship-trained shoulder surgeon and a radiologist.
Our hypotheses were that (1) both shoulders would present
a high prevalence of alterations and (2) substantial agree-
ment would occur between the shoulder surgeon and
radiologist.
Materials and methods

Participants and eligibility criteria

An observational study was conducted in which patients from the
community who had self-reported unilateral shoulder pain were
recruited. The study followed the recommendations of the
Declaration of Helsinki. All individuals who agreed to participate
signed informed consent forms.

Recruitment was performed by advertisements on local web-
sites and printed flyers at the university and in the community. A
total of 347 individuals were considered eligible; of these, 224
were excluded for the following reasons: appointment missed
(53), neck-related pain (43), upper trapezius muscle complaints
(32), bilateral shoulder pain (31), fracture or trauma (25), recur-
rent glenohumeral dislocation (19), adhesive capsulitis (12), MRI
phobia (6), administration of physical therapy treatment (2), and
MRI contraindication (1). Therefore, 123 individuals (246 shoul-
ders) with chronic intermittent unilateral shoulder pain for 35.8
months on average (standard deviation, 58.5 months; range, 1-360
months) since first onset participated in this study. The average
age of the participants was 39.4 years (standard deviation, 15.23
years; range, 18-77 years), 15 individuals were aged 60 years or
older, and 66 participants were men. All participants had to report
pain including pain at the anterolateral or lateral aspect of the
shoulder that was exacerbated by movement. Individuals with
atraumatic self-reported unilateral shoulder pain for at least 4
weeks since first onset and full active arm elevation (approxi-
mately 150� or greater) evaluated by a digital inclinometer5 were
included in the study. We excluded participants with bilateral
complaints; a history of fractures or surgery in the upper limbs;
metallic implants in the trunk, arms, or head; vascular clips;
shoulder dislocation within the past 2 years; clinical signs of ad-
hesive capsulitis based on a deficit in glenohumeral internal and
external rotation; self-reported neck pain; or neck-related symp-
toms based on a positive Spurling test. The eligibility criteria were
determined by 1 of 2 physical therapists with at least 3 years of
clinical experience related to musculoskeletal disorders, who ob-
tained a history from and completed a clinical examination of each
participant.

MRI assessment

All participants underwent a standardized imaging protocol using
a Magnetom Essenza MRI machine (Siemens, Erlangen, Ger-
many) with a field strength of 1.5 T, field of view of 18 cm, and
dedicated shoulder array coil for high-resolution, motion-free
images. Images with a slice thickness of 3.5 to 4.0 mm through
T1, T2, and proton density (PD) spin echo sequences, as well as
a T2 gradient echo sequence, of both symptomatic and
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asymptomatic shoulders were obtained. All scans included slices
in the sagittal, coronal, and axial planes without contrast. The
participants were positioned supine with the head toward the
scanner bore, arms resting at the side of the body, and humerus in
neutral or slight external rotation. Anonymized, recoded, and
randomized images were independently read by a board-certified
orthopedic surgeon with 12 years of shoulder-specialized experi-
ence after fellowship training and by a radiologist. All data pro-
vided by the radiologist were manually retrieved from the clinical
report. The radiologist read all scans according to his standard
clinical practice, whereas the shoulder surgeon followed a struc-
tured online-based form to ensure a comprehensive analysis.
MRI definitions

The MRI findings were comprehensively assessed as follows:
Rotator cuff tendinopathy was identified as a thickened tendon
with hyperintense signal alteration predominantly in a T1- or PD-
weighted fast spin echo sequence, increased signal intensity on T2
images, or high signal on PD images that does not become as high
as the fluid signal on T2 images. When a focal or diffuse region of
intrasubstance intermediate signal on T1 images that persisted on
T2 images with or without increased thickness was identified,
tendinopathy was also diagnosed.16

Partial-thickness tearing was observed by the presence of
tendon discontinuity along its superior (bursal) or inferior (artic-
ular) surface with an extra-articular fluid-filled gap on T2 images.
A full-thickness tear was differentiated from a partial-thickness
tear by the presence of discontinuity of the tendon with a fluid-
filled gap that extended from the articular to the bursal surface
observed mainly on T2 images.16 Musculotendinous retraction
was defined to be present when the musculotendinous junction
was located more medially than its usual footprint location. The
extension of musculotendinous retraction was classified as stage 1
(proximal end close to the bony insertion), stage 2 (proximal end
at the level of the humeral head), or stage 3 (proximal end at the
level of the glenoid).15

Fatty infiltration was classified into 1 of 4 stages: stage 1,
muscle with some fatty streaks; stage 2, increased fatty infiltration
but more healthy muscle than fat; stage 3, fatty infiltration with as
much fatty tissue as healthy muscle; or stage 4, more fatty tissue
than healthy muscle.19 SST atrophy was identified by the presence
of the tangent sign.24

A labral lesion was identified by a hyperintense signal within
the labrum or a morphologic irregularity. Anatomic variations
such as a sublabral foramen or Buford complex were not
considered lesions. A superior labrum anterior-posterior (SLAP)
lesion was defined as a superior labral lesion with anterior and
posterior extension, including the origin of the long head of the
biceps (LHB) tendon.16

LHB tendinopathy was diagnosed by the observation of a
thickened tendon on PD or T1 images or hyperintense intra-
tendinous signal without signal alterations on T2 images. A partial
biceps tear was defined as a T2 hyperintense or T1 hypointense
signal alteration. A full-thickness biceps tear was defined by
retraction of the tendon and its absence in the bicipital groove
(extra-articular part) observed on axial T2 images, as well as
absence of the intra-articular tendon in the oblique sagittal
plane.16
Acromioclavicular (AC) joint alterations such as osteoarthritis
(OA) or joint hypertrophy were observed in the coronal oblique
and sagittal oblique planes. Cysts and fluid at the AC joint were
observed on T2 images. Signs of tissue proliferation such as
osteophytes, joint space narrowing, margin irregularity, and bone
sclerosis were identified on T1 images.10,47

Glenohumeral OA was identified based on findings such as
joint narrowing, subchondral sclerosis, osteophyte formation,
subchondral cysts, posterior glenoid wear, hypointense glenoid
sclerosis, or chondral erosion. These lesions are typically found as
hyperintense signals on T2 or axial PD images.16

Glenohumeral synovitis was identified by the presence of high
signal intensity in the capsule on T2 or PD images in the coronal
and axial planes. Adhesive capsulitis was identified by the pres-
ence of evident synovitis and axillary recess reduction observed in
the coronal plane on T2 images. Proximal humeral alterations
such as cysts were described by the presence of high signal in-
tensity and well-demarcated rounded or ovoid points visualized in
2 planes on T2 images.50 Increased subacromial fluid was reported
when the subacromial bursa contained signal intensity equal to the
signal of joint fluid or water on T2 images.17 Acromial
morphology was described following the classification of Epstein
et al,14 divided into 3 types: type I, flat; type II, smoothly curved;
and type III, hooked.

Statistical analyses

All analyses were performed with IBM SPSS Statistics (version
23; IBM, Armonk, NY, USA). The c2 test for independence with
Yates continuity correction was used to compare MRI findings of
symptomatic and asymptomatic shoulders. The Fisher exact test
was used to compare sides when the expected count was below 5.
P < .05 was considered statistically significant. Agreement in the
findings between the shoulder surgeon and the radiologist was
assessed by total observed agreement and the Cohen k index of
agreement.7 Total observed agreement was defined as the sum of
simultaneous positive and negative classifications divided by the
number of total observations.4 The level of agreement based on k
was classified as no (�0), slight (0.01-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80), or almost perfect
(0.81-1.00) agreement.7

The influence of bias and the prevalence of answers from both
examiners on the k index were verified by the bias index and
prevalence index, respectively. The prevalence index was defined
as the difference between the simultaneous positive and negative
answers divided by the number of total observations. The bias
index was defined as the difference between positive and negative
answers from both evaluators divided by the number of total
observations.4
Results

Bilateral prevalence data

MRI alterations were highly observed on all scans, and
similar prevalence data were generally noted in both
symptomatic and asymptomatic shoulders (Tables I and II).
Rotator cuff tendinopathy and alterations in the AC joint



Table I Prevalence and comparison of MRI alterations in symptomatic vs. asymptomatic shoulders

MRI abnormalities Radiologist c2 or Fisher
exact test

Shoulder surgeon c2 or Fisher
exact test

Symptomatic
shoulders
(n ¼ 123),
n (%)

Asymptomatic
shoulders
(n ¼ 123),
n (%)

Symptomatic
shoulders
(n ¼ 123),
n (%)

Asymptomatic
shoulders
(n ¼ 123),
n (%)

Rotator cuff tendinopathy 114 (92.7) 109 (88.6) c2 ¼ 0.76, P ¼ .38 92 (74.8) 89 (73.0) c2 ¼ 0.03, P ¼ .85
Partial-thickness tear 33 (26.8) 25 (20.3) c2 ¼ 1.10, P ¼ .29 38 (31.1) 27 (22.0) c2 ¼ 2.20, P ¼ .13
Full-thickness tear 7 (5.7) 1 (0.8) c2 ¼ 3.23, P ¼ .06 25 (20.5) 10 (8.1) c2 ¼ 6.66, P ¼ .01)

Subacromial fluid 67 (54.5) 69 (56.1) c2 ¼ 0.00, P ¼ .95 75 (61.0) 65 (52.8) c2 ¼ 1.34, P ¼ .24
AC joint alterations 113 (91.9) 110 (89.4) c2 ¼ 0.05, P ¼ .80 98 (79.7) 90 (73.2) c2 ¼ 1.10, P ¼ .29
Labrum alterations 54 (43.9) 51 (41.5) c2 ¼ 0.09, P ¼ .75 81 (66.4) 82 (67.2) c2 ¼ 0.00, P > .99
LHB alterations 14 (11.4) 7 (5.7) c2 ¼ 1.82, P ¼ .17 16 (13.1) 15 (12.2) c2 ¼ 0.00, P ¼ .98
Fatty infiltration 25 (20.3) 23 (18.7) c2 ¼ 0.02, P ¼ .87 8 (6.5) 3 (2.4) c2 ¼ 1.52, P ¼ .21
SST atrophy 1 (0.8) 1 (0.8) c2 ¼ 0.00, P > .99 4 (3.3) 1 (0.8) c2 ¼ 0.81, P ¼ .37
Humeral tuberosity cysts 16 (13.0) 17 (13.8) c2 ¼ 0.00, P > .99 29 (23.6) 23 (18.9) c2 ¼ 0.56, P ¼ .45
Glenohumeral OA 2 (1.6) 1 (0.8) c2 ¼ 0.00, P > .99 13 (10.7) 4 (3.3) c2 ¼ 4.11, P ¼ .04)

Acromial morphology
Type I 9 (7.3) 14 (11.4) c2 ¼ 0.83, P ¼ .36 75 (61.0) 82 (66.7) c2 ¼ 0.63, P ¼ .42
Type II 88 (71.5) 87 (70.7) c2 ¼ 0.00, P > .99 29 (23.6) 25 (20.3) c2 ¼ 0.21, P ¼ .64
Type III 15 (12.2) 14 (11.4) c2 ¼ 0.05, P ¼ .81 19 (15.4) 16 (13.0) c2 ¼ 0.13, P ¼ .71

MRI, magnetic resonance imaging; AC, acromioclavicular; LHB, long head of biceps; SST, supraspinatus muscle; OA, osteoarthritis.
* P < .05 when both sides were compared.
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were highly prevalent in both shoulders based on the ra-
diologist’s findings (approximately 90%) and shoulder
surgeon’s findings (approximately 75%). No significant
difference in the prevalence of the MRI findings between
sides was noted considering the radiologist’s readings, with
the exception of partial-thickness IST tears (Table II).
Overall, the shoulder surgeon reported a higher prevalence
of full-thickness tears of the SST tendon and glenohumeral
OA in the symptomatic shoulders compared with the
asymptomatic shoulders.

Agreement between examiners

Observed agreement between the radiologist and shoulder
surgeon varied from 44.71% to 98.14%. The best observed
agreements (approximately 90%) were obtained for SST
atrophy, glenohumeral OA, and LHB alterations. The best k
indexes were observed for partial-thickness tears (k ¼
0.38), LHB alterations (k ¼ 0.44), and cysts in the humeral
tuberosities (k ¼ 0.51). The k index ranged between 0.00
and 0.51. The percentage of agreement and k statistics are
provided in Supplementary Table S1.
Discussion

The goal of this study was to describe bilateral MRI find-
ings in individuals from the community who had unilateral
shoulder pain. This is relevant as clinicians frequently use
MRI as a diagnostic tool and imaging findings are deemed
part of the clinical picture, thus potentially influencing
management. Because of the high accuracy and correlation
with surgical reference standards, MRI has a high capa-
bility to detect tissue pathology. However, recent studies
showing a poor association between symptoms and tissue
status have raised questions about the clinical utility of
MRI, at least in some cases.12,13,37 The results of this study
demonstrated a high prevalence of bilateral MRI alterations
in individuals with unilateral shoulder pain, confirming our
hypothesis. Few differences between symptomatic and
asymptomatic shoulders were observed. This investigation
adds to the literature as a substantial number of MRI scans
were assessed by 2 experienced professionals and a more
comprehensive description of the MRI alterations is pro-
vided. In addition, slight to moderate agreement between
examiners was observed. Both of these results cause
concern regarding the utility of MRI as the most effective
treatment planning tool in the absence of more full-thick-
ness tears or OA. Of further relevance, OA can be deter-
mined less expensively on radiographs.

Our study is most generalizable to individuals from the
community we sampled. Most of our sample (108 of 123
individuals)was younger than 60 years. As such,we explored
our results for the subgroup aged 60 years or older and the
subgroup younger than 60 years (Supplementary Tables S2
and S3). Not unexpectedly, many alterations were observed
more frequently in older participants, particularly those aged
60 years or older. This included generally higher frequencies
of rotator cuff tears, labral and biceps pathology, and OA,
consistent with the literature.29,31,52 However, the same



Table II Detailed comparison of prevalence of MRI alterations in symptomatic vs. asymptomatic shoulders

MRI abnormalities Radiologist c2 or Fisher
exact test

Shoulder surgeon c2 or Fisher
exact test

Symptomatic
shoulders
(n ¼ 123),
n (%)

Asymptomatic
shoulders
(n ¼ 123),
n (%)

Symptomatic
shoulders
(n ¼ 123),
n (%)

Asymptomatic
shoulders
(n ¼ 123),
n (%)

Tendinopathy
Supraspinatus tendon 109 (88.6) 107 (87.0) c2 ¼ 0.03, P ¼ .84 86 (69.9) 83 (67.5) c2 ¼ 0.07, P ¼ .78
Infraspinatus tendon 84 (68.3) 84 (68.3) c2 ¼ 0.00, P > .99 14 (11.4) 9 (7.3) c2 ¼ 0.76, P ¼ .38
Subscapularis tendon 43 (35.0) 41 (33.3) c2 ¼ 0.00, P ¼ .93 14 (11.4) 8 (6.5) c2 ¼ 1.24, P ¼ .26

Partial-thickness tear
Supraspinatus tendon 26 (21.1) 18 (14.6) c2 ¼ 1.35, P ¼ .24 24 (19.5) 19 (15.4) c2 ¼ 0.45, P ¼ .50
Infraspinatus tendon 13 (10.6) 2 (1.6) c2 ¼ 7.10, P < .01) 9 (7.3) 4 (3.3) c2 ¼ 1.29, P ¼ .25
Subscapularis tendon 13 (10.6) 14 (11.4) c2 ¼ 0.00, P > .99 9 (7.3) 6 (4.9) c2 ¼ 0.28, P ¼ .59

Full-thickness tear
Supraspinatus tendon 7 (5.7) 1 (0.8) c2 ¼ 3.23, P ¼ .06 20 (16.3) 4 (3.3) c2 ¼ 10.38, P < .01)

Infraspinatus tendon 1 (0.8) 1 (0.8) c2 ¼ 0.00, P > .99 9 (7.3) 2 (1.6) c2 ¼ 3.42, P ¼ .06
Subscapularis tendon 0 (0.0) 0 (0.0) NC 9 (7.3) 8 (6.5) c2 ¼ 0.00, P > .99

Retraction
Supraspinatus tendon 7 (5.7) 1 (0.8) c2 ¼ 3.23, P ¼ .07 16 (13.0) 3 (2.4) c2 ¼ 8.21, P < .01)

Acromioclavicular joint
Hypertrophy 101 (82.1) 99 (80.5) c2 ¼ 0.02, P ¼ .87 25 (20.3) 21 (17.1) c2 ¼ 0.24, P ¼ .62
Osteophytes 4 (3.3) 2 (1.6) c2 ¼ 0.17, P ¼ .68 44 (35.8) 41 (33.3) c2 ¼ 0.07, P ¼ .78
Inflammatory signs 11 (8.9) 4 (3.3) c2 ¼ 2.55, P ¼ .11 71 (57.7) 58 (47.2) c2 ¼ 2.34, P ¼ .12

Long head of biceps
Tendinopathy 10 (8.1) 4 (3.3) c2 ¼ 1.89, P ¼ .16 9 (7.3) 9 (7.3) c2 ¼ 0.00, P > .99
Partial tear 4 (3.3) 2 (1.6) c2 ¼ 0.17, P ¼ .68 6 (4.9) 3 (2.4) c2 ¼ 0.46, P ¼ .50
Complete tear 1 (0.8) 0 (0.0) c2 ¼ 0.00, P > .99 1 (0.8) 3 (2.4) c2 ¼ 0.25, P ¼ .62

MRI, magnetic resonance imaging; NC, not computed.
* P < .05 when both sides were compared.
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bilateral pattern of occurrence was still observed (substantial
involvement in both symptomatic and asymptomatic shoul-
ders for most pathologies). It is important to note that ana-
lyses in the subgroup aged 60 years or older are not
adequately powered because of the sample size, which was
reduced to 15 individuals.

Previous investigations have reported alterations in
asymptomatic shoulders using ultrasound (US)20,23,28,29,
31,39,46,51,52 and MRI.6,9,18,25,32,33,41,43 The most common
findings included partial- and full-thickness tears of the
SST and IST tendons with a prevalence ranging from 2% to
95%.7,10,18,24,26,29,30,32-34,42,44,51,52 These past studies
focused on describing alterations in only the SST and IST
tendons or presented a grouped prevalence of all rotator
cuff tendons, hindering a detailed evaluation of which
tendons were affected. In our study, partial-thickness tears
(approximately 21.1%) and full-thickness tears (approxi-
mately 4.5%) of the rotator cuff tendons were also identi-
fied in asymptomatic shoulders, though relatively
infrequently in the case of full-thickness tears. This finding
suggests that although asymptomatic full-thickness tears
may occur, symptoms are much more likely to be present if
a full-thickness tear is present in the SST or IST. Tables I
and II show that other shoulder joint abnormalities were
observed as well.

Our investigation questions the clinical utility of MRI for
treatment planning because a high prevalence of alterations
in asymptomatic shoulders was observed. This finding in-
dicates that although MRI can accurately identify tissue pa-
thology, it cannot discriminate whether that altered anatomy
is associated with specific clinical findings. This is of
particular importance to physicians, surgeons, and physical
therapists who might use the MRI findings to guide the de-
cision toward a treatment plan. Surgeons should be
discouraged from deciding on a surgical procedure based on
only the MRI findings as patient functionality is the most
important factor to be considered in this decision.3 In addi-
tion, patients should be counseled that the alterations found
are common and may not be the source of pain. Physical
therapists are encouraged to use a pathokinesiologic move-
ment–based or biopsychosocialmodel to guide diagnosis and
treatment planning instead of relying on a pathoanatomic
model.27,38 The pathoanatomic model has limited ability to
direct conservative intervention, and most physical therapy
treatments have a movement impairment– or pain inter-
vention–based approach.
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Overall, only the prevalence of full-thickness tears and
glenohumeral OA presented statistically significant differ-
ences between the symptomatic and asymptomatic sides.
For individuals younger than 60 years, only the prevalence
of full-thickness tears was higher in the symptomatic
shoulders. This difference was not statistically significant
for individuals aged 60 years or older because of the sample
size, but the prevalence was 20% and 33% greater on the
symptomatic side based on the surgeon’s and radiologist’s
readings, respectively. Considering the similar accuracy
between US and MRI for detecting full-thickness tears,34,36

clinicians could consider the use of US as the primary
imaging modality when full-thickness tearing is suspected.
US examination represents a less expensive and quicker
option to determine the presence or absence of
full-thickness tears. If US reveals a full-thickness tear,
follow-up MRI could be used more judiciously to provide
additional surgical planning information such as identifi-
cation of concurrent fatty infiltration, atrophy, or OA. In
addition, a less expensive evaluation with radiography or a
more detailed evaluation of glenohumeral OA with
computed tomography could be performed in comparison
with MRI.26,42 It is important to note that the primary issue
is not the accuracy of MRI but the lack of a relationship of
the MRI findings with symptom status.

Our study also showed a high prevalence of alterations
in the AC joint of asymptomatic shoulders (approximately
81%). Other investigations reported a smaller prevalence of
AC joint OA (approximately 64%) in asymptomatic
shoulders.25,32,43 These differences may be related to vari-
ations in the MRI acquisition protocol, such as sequences,
field strength, slice thickness, or even coil or dedicated
software enhancements brought by advances in technol-
ogy.44 Another possible reason for the discrepancy in re-
sults may be the small sample sizes of the previous studies
in comparison with ours and the lack of information about
the examiners’ backgrounds.

Differences in interpretation between examiners

In our study, differences in the prevalence of positive MRI
alterations between examiners were observed for rotator
cuff tendinopathy, AC joint alterations, fatty infiltration,
and labral and full-thickness rotator cuff tears. Overall, the
radiologist reported more positive MRI alterations than the
shoulder surgeon except regarding labral tears and full-
thickness tearing. In addition, the surgeon noted more hu-
meral cysts and glenohumeral OA.

The radiologist’s readings indicated a similar frequency
of tendinopathy between symptomatic and asymptomatic
shoulders and very low frequencies of full-thickness
tearing. Whereas the radiologist documented more IST
tendinopathy, the surgeon more frequently identified SST
tendon retraction in the symptomatic shoulder. Few
studies have evaluated the agreement of MRI findings
between shoulder surgeons and radiologists or compared a
structured research evaluation with a routine image reading.
Previous investigations have reported agreement between
shoulder or orthopedic surgeons and radiologists to range
from fair to moderate.11,35,40,48 It is possible that the level
of agreement observed in our study was influenced by the
method of assessment, as the shoulder surgeon used a
structured online form to objectively record his interpreta-
tion whereas the radiologist used a narrative description as
normally occurs in the clinical setting. Although this may
be a reason for the low level of agreement, the goal of our
study was to evaluate bilateral MRI findings in unilaterally
involved individuals, and both evaluators reported high
levels of bilateral findings.

Limitations

The main limitation of this study is that our imaging cap-
tures a single moment in time and therefore cannot assess
the risk of symptom development for the asymptomatic
shoulders. Another limitation is the absence of intra-
observer analysis. However, the usual diagnostic process
occurs without the shoulder surgeon or radiologist having a
second opportunity to interpret the scan. In addition, we
may not have had enough power to detect small differ-
encesdless than 10% but greater than 5%din the fre-
quencies of some imaging abnormalities between
symptomatic and asymptomatic shoulders, such as partial-
thickness tearing (6%-9%), subacromial fluid (8.2%), and
LHB alterations (5.7%). However, overall our study is well
powered and is able to detect side-to-side differences as low
as 7.4% (glenohumeral OA). It is also important to keep in
mind that side-to-side differences less than 5% are based on
only a few individuals in this analysis.

When clinicians are interpreting our data, it is important
to remember that location, size, and tear retraction may
play a role in the risk of symptom development and func-
tional decline. Our results suggest that full-thickness tears
may be related to the symptoms, but tendinopathy was not
consistently found more commonly in symptomatic shoul-
ders than in those without symptoms. Further studies are
necessary to determine how each of those factors contrib-
utes to the development of symptoms. Despite this, our
study evaluated MRI alterations in both shoulders in a large
sample of individuals with unilateral symptoms and pro-
vided prevalence data for all pathologies, which were not
available in previous studies.6,9,23,28,29,33,52
Conclusion
MRI alterations were similarly observed in both shoul-
ders of individuals with unilateral symptoms, except for
full-thickness tears and the presence of glenohumeral
OA, which were mostly seen on the symptomatic side.
Fair to moderate agreement was observed between a
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fellowship-trained shoulder surgeon and a radiologist.
Clinicians should be aware of the limited enhanced
value of MRI in the clinical decision-making process.
We encourage clinicians to consider that interventions
may be indicated more specifically when functional loss
is observed rather than based on the presence of patho-
anatomic findings on MRI.
Disclaimer
This research was conducted with financial support from
the Coordination for the Improvement of Higher Edu-
cation Personnel (CAPES) and National Council for
Scientific and Technological Development (CNPq, pro-
cess number 302789/2017-0).

The authors, their immediate families, and any
research foundations with which they are affiliated have
not received any financial payments or other benefits
from any commercial entity related to the subject of this
article.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jse.2019.04.001.
References
1. Bradley MP, Tung G, Green A. Overutilization of shoulder magnetic

resonance imaging as a diagnostic screening tool in patients with

chronic shoulder pain. J Shoulder Elbow Surg 2005;14:233-7. https://

doi.org/10.1016/j.jse.2004.08.002

2. Braman JP, Zhao KD, Lawrence RL, Harrison AK, Ludewig PM.

Shoulder impingement revisited: evolution of diagnostic under-

standing in orthopedic surgery and physical therapy. Med Biol

Eng Comput 2014;52:211-9. https://doi.org/10.1007/s11517-013-

1074-1

3. Butler M, Forte M, Braman J, Swiontkowski M, Kane RL. Nonoper-

ative and operative treatments for rotator cuff tears: future research

needs: identification of future research needs from comparative

effectiveness review No. 22. Rockville, MD: Agency for

Healthcare Research and Quality, https://www.ncbi.nlm.nih.gov/

books/NBK153178/. Accessed April 4, 2018

4. Byrt T, Bishop J, Carlin JB. Bias, prevalence and kappa. J Clin Epi-

demiol 1993;46:423-9.

5. Camargo PR, Phadke V, Zanca GG, Ludewig PM. Concurrent validity

of inclinometer measures of scapular and clavicular positions in arm

elevation. Physiother Theory Pract 2018;34:121-30. https://doi.org/10.

1080/09593985.2017.1370753

6. Chandnani V, Ho C, Gerharter J, Neumann C, Kursunoglu-Brahme S,

Sartoris DJ, et al. MR findings in asymptomatic shoulders: a blind

analysis using symptomatic shoulders as controls. Clin Imaging 1992;

16:25-30.

7. Cohen J. A coefficient of agreement for nominal scales. Educ Psychol

Meas 1960;20:37-46.
8. Colla CH, Kinsella EA, Morden NE, Meyers DJ, Rosenthal MB,

Sequist TD. Physician perceptions of Choosing Wisely and drivers of

overuse. Am J Manag Care 2016;22:337-43.

9. Connor PM, Banks DM, Tyson AB, Coumas JS, D’Alessandro DF.

Magnetic resonance imaging of the asymptomatic shoulder of over-

head athletes: a 5-year follow-up study. Am J Sports Med 2003;31:

724-7. https://doi.org/10.1177/03635465030310051501

10. de Abreu MR, Chung CB, Wesselly M, Jin-Kim H, Resnick D.

Acromioclavicular joint osteoarthritis: comparison of findings derived

from MR imaging and conventional radiography. Clin Imaging 2005;

29:273-7. https://doi.org/10.1016/j.clinimag.2004.11.021

11. Dinter DJ, Martetschl€ager F, B€using KA, Sch€onberg SO, Scharf H-P,

Lehmann LJ. Schulterverletzungen des €Uberkopfsportlers: Wertigkeit

der MR-Arthrografie [Shoulder injuries in overhead athletes: utility of

MR arthrography]. Sportverletz Sportschaden 2008;22:146-52 [in

German], https://doi.org/10.1055/s-2008-1027747

12. Drew BT, Smith TO, Littlewood C, Sturrock B. Do structural changes

(eg, collagen/matrix) explain the response to therapeutic exercises in

tendinopathy: a systematic review. Br J Sports Med 2014;48:966-72.

https://doi.org/10.1136/bjsports-2012-091285

13. Dunn WR, Kuhn JE, Sanders R, An Q, Baumgarten KM, Bishop JY,

et al. Symptoms of pain do not correlate with rotator cuff tear severity:

a cross-sectional study of 393 patients with a symptomatic atraumatic

full-thickness rotator cuff tear. J Bone Joint Surg Am 2014;96:793-

800. https://doi.org/10.2106/JBJS.L.01304

14. Epstein RE, Schweitzer ME, Frieman BG, Fenlin JM, Mitchell DG.

Hooked acromion: prevalence on MR images of painful shoulders.

Radiology 1993;187:479-81.

15. Farley TE, Neumann CH, Steinbach LS, Jahnke AJ, Petersen SS. Full-

thickness tears of the rotator cuff of the shoulder: diagnosis with MR

imaging. AJR Am J Roentgenol 1992;158:347-51.

16. Farshad-Amacker NA, Jain Palrecha S, Farshad M. The primer for

sports medicine professionals on imaging. Sports Health 2013;5:50-

77. https://doi.org/10.1177/1941738112468265

17. Feller JF, Tirman PF, Steinbach LS, Zucconi F. Magnetic reso-

nance imaging of the shoulder: review. Semin Roentgenol 1995;30:

224-40.

18. Frost P, Andersen JH, Lundorf E. Is supraspinatus pathology as

defined by magnetic resonance imaging associated with clinical sign

of shoulder impingement? J Shoulder Elbow Surg 1999;8:565-8.

19. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degen-

eration of the muscles of the rotator cuff: assessment by computed

tomography versus magnetic resonance imaging. J Shoulder Elbow

Surg 1999;8:599-605.

20. Girish G, Lobo LG, Jacobson JA, Morag Y, Miller B, Jamadar DA.

Ultrasound of the shoulder: asymptomatic findings in men. AJR Am J

Roentgenol 2011;197:W713-9. https://doi.org/10.2214/AJR.11.6971

21. Hendee WR, Becker GJ, Borgstede JP, Bosma J, Casarella WJ,

Erickson BA, et al. Addressing overutilization in medical imaging.

Radiology 2010;257:240-5. https://doi.org/10.1148/radiol.10100063

22. Houtz CG, Schwartzberg RS, Barry JA, Reuss BL, Papa L. Shoulder

MRI accuracy in the community setting. J Shoulder Elbow Surg 2011;

20:537-42. https://doi.org/10.1016/j.jse.2011.01.003

23. Jeong J, Shin D-C, Kim T-H, Kim K. Prevalence of asymptomatic

rotator cuff tear and their related factors in the Korean population. J

Shoulder Elbow Surg 2017;26:30-5. https://doi.org/10.1016/j.jse.2016.

05.003

24. Kissenberth MJ, Rulewicz GJ, Hamilton SC, Bruch HE, Hawkins RJ.

A positive tangent sign predicts the repairability of rotator cuff tears. J

Shoulder Elbow Surg 2014;23:1023-7. https://doi.org/10.1016/j.jse.

2014.02.014

25. Liou JT, Wilson AJ, Totty WG, Brown JJ. The normal shoulder:

common variations that simulate pathologic conditions at MR imag-

ing. Radiology 1993;186:435-41.

26. Lowe JT, Testa EJ, Li X, Miller S, DeAngelis JP, Jawa A. Magnetic

resonance imaging is comparable to computed tomography for

determination of glenoid version but does not accurately distinguish

https://doi.org/10.1016/j.jse.2019.04.001
https://doi.org/10.1016/j.jse.2004.08.002
https://doi.org/10.1016/j.jse.2004.08.002
https://doi.org/10.1007/s11517-013-1074-1
https://doi.org/10.1007/s11517-013-1074-1
http://www.ncbi.nlm.nih.gov/books/NBK153178/
http://www.ncbi.nlm.nih.gov/books/NBK153178/
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref4
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref4
https://doi.org/10.1080/09593985.2017.1370753
https://doi.org/10.1080/09593985.2017.1370753
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref5
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref5
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref5
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref5
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref6
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref6
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref7
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref7
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref7
https://doi.org/10.1177/03635465030310051501
https://doi.org/10.1016/j.clinimag.2004.11.021
https://doi.org/10.1055/s-2008-1027747
https://doi.org/10.1136/bjsports-2012-091285
https://doi.org/10.2106/JBJS.L.01304
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref13
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref13
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref13
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref14
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref14
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref14
https://doi.org/10.1177/1941738112468265
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref16
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref16
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref16
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref17
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref17
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref17
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref18
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref18
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref18
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref18
https://doi.org/10.2214/AJR.11.6971
https://doi.org/10.1148/radiol.10100063
https://doi.org/10.1016/j.jse.2011.01.003
https://doi.org/10.1016/j.jse.2016.05.003
https://doi.org/10.1016/j.jse.2016.05.003
https://doi.org/10.1016/j.jse.2014.02.014
https://doi.org/10.1016/j.jse.2014.02.014
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref24
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref24
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref24


1706 R.P.G. Barreto et al.
between Walch B2 and C classifications. J Shoulder Elbow Surg 2017;

26:669-73. https://doi.org/10.1016/j.jse.2016.09.024

27. Ludewig PM, Kamonseki DH, Staker JL, Lawrence RL, Camargo PR,

Braman JP. Changing our diagnostic paradigm: movement system

diagnostic classification. Int J Sports Phys Ther 2017;12:884-93.

28. Milgrom C, Schaffler M, Gilbert S, van Holsbeeck M. Rotator-cuff

changes in asymptomatic adults. The effect of age, hand dominance

and gender. J Bone Joint Surg Br 1995;77:296-8.

29. Minagawa H, Yamamoto N, Abe H, Fukuda M, Seki N, Kikuchi K,

et al. Prevalence of symptomatic and asymptomatic rotator cuff tears

in the general population: from mass-screening in one village. J

Orthop 2013;10:8-12. https://doi.org/10.1016/j.jor.2013.01.008

30. Miniaci A, Mascia AT, Salonen DC, Becker EJ. Magnetic resonance

imaging of the shoulder in asymptomatic professional baseball

pitchers. Am J Sports Med 2002;30:66-73. https://doi.org/10.1177/

03635465020300012501

31. Moosmayer S, Smith H-J, Tariq R, Larmo A. Prevalence and char-

acteristics of asymptomatic tears of the rotator cuff: an ultrasono-

graphic and clinical study. J Bone Joint Surg Br 2009;91:196-200.

https://doi.org/10.1302/0301-620X.91B2.21069

32. Needell SD, Zlatkin MB, Sher JS, Murphy BJ, Uribe JW. MR

imaging of the rotator cuff: peritendinous and bone abnormalities

in an asymptomatic population. AJR Am J Roentgenol 1996;166:

863-7.

33. Neumann CH, Holt RG, Steinbach LS, Jahnke AH, Petersen SA. MR

imaging of the shoulder: appearance of the supraspinatus tendon in

asymptomatic volunteers. AJR Am J Roentgenol 1992;158:1281-7.

34. Ottenheijm RP, Jansen MJ, Staal JB, van den Bruel A, Weijers RE, de

Bie RA, et al. Accuracy of diagnostic ultrasound in patients with

suspected subacromial disorders: a systematic review and meta-anal-

ysis. Arch Phys Med Rehabil 2010;91:1616-25. https://doi.org/10.

1016/j.apmr.2010.07.017

35. Pandya NK, Colton A, Webner D, Sennett B, Huffman GR. Physical

examination and magnetic resonance imaging in the diagnosis of su-

perior labrum anterior-posterior lesions of the shoulder: a sensitivity

analysis. Arthroscopy 2008;24:311-7. https://doi.org/10.1016/j.arthro.

2007.09.004

36. Roy J-S, Bra€en C, Leblond J, Desmeules F, Dionne CE,

MacDermid JC, et al. Diagnostic accuracy of ultrasonography, MRI

and MR arthrography in the characterisation of rotator cuff disorders:

a systematic review and meta-analysis. Br J Sports Med 2015;49:

1316-28. https://doi.org/10.1136/bjsports-2014-094148

37. Russell RD, Knight JR, Mulligan E, Khazzam MS. Structural integrity

after rotator cuff repair does not correlate with patient function and

pain: a meta-analysis. J Bone Joint Surg Am 2014;96:265-71. https://

doi.org/10.2106/JBJS.M.00265

38. Sahrmann S, Azevedo DC, Dillen LV. Diagnosis and treatment of

movement system impairment syndromes. Braz J Phys Ther 2017;21:

391-9. https://doi.org/10.1016/j.bjpt.2017.08.001

39. Schibany N, Zehetgruber H, Kainberger F, Wurnig C, Ba-Ssalamah A,

Herneth AM, et al. Rotator cuff tears in asymptomatic individuals: a
clinical and ultrasonographic screening study. Eur J Radiol 2004;51:

263-8. https://doi.org/10.1016/S0720-048X(03)00159-1

40. Schreinemachers SA, van der Hulst VPM, Willems WJ, Bipat S,

van der Woude H-J. Detection of partial-thickness supraspinatus

tendon tears: is a single direct MR arthrography series in

ABER position as accurate as conventional MR arthrography?

Skeletal Radiol 2009;38:967-75. https://doi.org/10.1007/s00256-

009-0680-3

41. Schwartzberg R, Reuss BL, Burkhart BG, Butterfield M, Wu JY,

McLean KW. High prevalence of superior labral tears diagnosed by

MRI in middle-aged patients with asymptomatic shoulders. Orthop J

Sports Med 2016;4. 2325967115623212, https://doi.org/10.1177/

2325967115623212

42. Sears BW, Johnston PS, Ramsey ML, Williams GR. Glenoid bone loss

in primary total shoulder arthroplasty: evaluation and management. J

Am Acad Orthop Surg 2012;20:604-13. https://doi.org/10.5435/

JAAOS-20-09-604

43. Sher JS, Uribe JW, Posada A, Murphy BJ, Zlatkin MB. Abnormal

findings on magnetic resonance images of asymptomatic shoulders. J

Bone Joint Surg Am 1995;77:10-5.

44. Sobol WT. Recent advances in MRI technology: implications for

image quality and patient safety. Saudi J Ophthalmol 2012;26:393-9.

https://doi.org/10.1016/j.sjopt.2012.07.005

45. Tekavec E, J€oud A, Rittner R, Mikoczy Z, Nordander C, Petersson IF,

et al. Population-based consultation patterns in patients with shoulder

pain diagnoses. BMC Musculoskelet Disord 2012;13:238. https://doi.

org/10.1186/1471-2474-13-238

46. Tempelhof S,RuppS, Seil R.Age-related prevalence of rotator cuff tears

in asymptomatic shoulders. J Shoulder Elbow Surg 1999;8:296-9.

47. Vahlensieck M. MRI of the shoulder. Eur Radiol 2000;10:242-9.

48. van Grinsven S, Nijenhuis TA, Konings PC, van Kampen A, van

Loon CJM. Are radiologists superior to orthopaedic surgeons in

diagnosing instability-related shoulder lesions on magnetic resonance

arthrography? A multicenter reproducibility and accuracy study. J

Shoulder Elbow Surg 2015;24:1405-12. https://doi.org/10.1016/j.jse.

2015.05.050

49. Vitale MA, Arons RR, Hurwitz S, Ahmad CS, Levine WN. The rising

incidence of acromioplasty. J Bone Joint Surg Am 2010;92:1842-50.

https://doi.org/10.2106/JBJS.I.01003

50. Williams M, Lambert RGW, Jhangri GS, Grace M, Zelazo J, Zelaso J,

et al. Humeral head cysts and rotator cuff tears: an MR arthrographic

study. Skeletal Radiol 2006;35:909-14. https://doi.org/10.1007/

s00256-006-0157-6

51. Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey SA,

Middleton WD. Natural history of asymptomatic rotator cuff tears: a

longitudinal analysis of asymptomatic tears detected sonographically.

J Shoulder Elbow Surg 2001;10:199-203.

52. Yamamoto A, Takagishi K, Osawa T, Yanagawa T, Nakajima D,

Shitara H, et al. Prevalence and risk factors of a rotator cuff tear in the

general population. J Shoulder Elbow Surg 2010;19:116-20. https://

doi.org/10.1016/j.jse.2009.04.006

https://doi.org/10.1016/j.jse.2016.09.024
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref26
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref26
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref26
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref27
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref27
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref27
https://doi.org/10.1016/j.jor.2013.01.008
https://doi.org/10.1177/03635465020300012501
https://doi.org/10.1177/03635465020300012501
https://doi.org/10.1302/0301-620X.91B2.21069
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref31
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref31
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref31
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref31
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref32
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref32
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref32
https://doi.org/10.1016/j.apmr.2010.07.017
https://doi.org/10.1016/j.apmr.2010.07.017
https://doi.org/10.1016/j.arthro.2007.09.004
https://doi.org/10.1016/j.arthro.2007.09.004
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.2106/JBJS.M.00265
https://doi.org/10.2106/JBJS.M.00265
https://doi.org/10.1016/j.bjpt.2017.08.001
https://doi.org/10.1016/S0720-048X(03)00159-1
https://doi.org/10.1007/s00256-009-0680-3
https://doi.org/10.1007/s00256-009-0680-3
https://doi.org/10.1177/2325967115623212
https://doi.org/10.1177/2325967115623212
https://doi.org/10.5435/JAAOS-20-09-604
https://doi.org/10.5435/JAAOS-20-09-604
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref42
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref42
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref42
https://doi.org/10.1016/j.sjopt.2012.07.005
https://doi.org/10.1186/1471-2474-13-238
https://doi.org/10.1186/1471-2474-13-238
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref45
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref45
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref46
https://doi.org/10.1016/j.jse.2015.05.050
https://doi.org/10.1016/j.jse.2015.05.050
https://doi.org/10.2106/JBJS.I.01003
https://doi.org/10.1007/s00256-006-0157-6
https://doi.org/10.1007/s00256-006-0157-6
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref50
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref50
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref50
http://refhub.elsevier.com/S1058-2746(19)30234-4/sref50
https://doi.org/10.1016/j.jse.2009.04.006
https://doi.org/10.1016/j.jse.2009.04.006

	Bilateral magnetic resonance imaging findings in individuals with unilateral shoulder pain
	Materials and methods
	Participants and eligibility criteria
	MRI assessment
	MRI definitions
	Statistical analyses

	Results
	Bilateral prevalence data
	Agreement between examiners

	Discussion
	Differences in interpretation between examiners
	Limitations

	Conclusion
	Disclaimer
	Supplementary data
	References


