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Abstract

Background—Physiatrists encounter patients with rotator cuff disorders and imaging is
frequently an important component of their diagnostic assessment. However, there is paucity of
literature on reliability of MRI assessment between shoulder specialists and musculoskeletal
radiologists.

Objective—We assessed inter- and intra-rater reliability of MRI characteristics of the rotator
cuff.

Design—Cross-sectional secondary analyses in a prospective cohort study
Setting—Academic tertiary care centers

Patients—Subjects with shoulder pain recruited from orthopedic and physiatry clinics
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Methods—Two shoulder fellowship trained physicians (a physiatrist and a shoulder surgeon)
jointly performed a blinded composite MRI review by consensus on 31 subjects with shoulder
pain. Subsequently, MRI was reviewed by one fellowship trained musculoskeletal radiologist.

Main Outcome Measures—We calculated Cohen’s kappa coefficients and percent agreement
among the two reviews (composite review of two shoulder specialists versus that of the
musculoskeletal radiologist). Intra-rater reliability was assessed among the shoulder specialists by
performing a repeat blinded composite MRI review. In addition to this repeat composite review,
only one of the physiatry shoulder specialists performed an additional review.

Results—Inter-rater reliability (shoulder specialists versus musculoskeletal radiologist) was
substantial for the presence or absence of tear (kappa=0.90; 95% CI1=0.72, 1.00), tear-thickness
(kappa=0.84;95% CI1=0.70, 0.99), longitudinal size of tear (kappa=0.75;95% C1=0.44, 1.00), fatty
infiltration (kappa=0.62; 95% CI1=0.45, 0.79), and muscle atrophy (kappa=0.68; 95% CI1=0.50,
0.86). There was only fair inter-rater reliability of transverse size of tear (kappa=0.20; 95%
CI=0.00, 0.51). The kappa for intra-rater reliability was high for tear thickness (0.88; 95%
Cl=0.72, 1.00), longitudinal tear size (0.61; 95% CI1=0.22, 0.99), fatty infiltration (0.89; 95%
Cl=0.80, 0.98), and muscle atrophy (0.87; 95% CI=0.76, 0.98). Intra-rater reliability for the
individual shoulder specialist was similar to that of the composite reviews.

Conclusions—There was high inter-rater and intra-rater reliability for most findings on shoulder
MRI. Our data supports the reliability of MRI assessment by shoulder specialists for rotator cuff
disorders.

Level of Evidence—Level | (testing of a previously developed diagnostic criteria in a series of
consecutive patients with an accepted “gold” standard)

Keywords
rotator cuff; reliability; MRI

INTRODUCTION

Shoulder symptoms accounted for approximately 11.5 million ambulatory care visits to
physician offices in 2010 in the United States.! Rotator cuff tears are one of the leading
causes of shoulder pain.2 An estimated 272,148 rotator cuff repairs were performed in 2006
on an ambulatory basis.® Factors associated with outcomes of rotator cuff repair include size
and thickness of tear*, tendon retraction®”, muscle atrophy8?, and fatty infiltration810.11,
These characteristics are assessed by imaging modalities such as Magnetic Resonance
Imaging (MRI). Surgical decision-making at the point of care is made by shoulder
specialists on the basis of a range of factors including imaging findings. While imaging
findings are important to clinical decision making in patients with rotator cuff disorders,
limited data exist on the reliability of these findings and in particular on agreement between
clinicians and musculoskeletal radiologists.

Thus, the objective of our study was to assess inter- and intra-rater reliability of MRI
characteristics of the rotator cuff. We examined inter-rater reliability between shoulder
specialists and a musculoskeletal radiologist as well as the intra-rater reliability of a shoulder
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specialist. The MRI characteristics included rotator cuff tear size and thickness, presence of
tendonitis/tendinopathy, and grades of fatty infiltration, muscle atrophy, and supraspinatus
tendon retraction.

MATERIALS AND METHODS

Patient Population

The investigators are recruiting a longitudinal cohort of patients with shoulder pain (with
and without rotator cuff tears) from orthopedic and physiatry clinics at two academic
medical centers. Eligibility criteria for this cohort study, termed the ROW (Rotator Cuff
Outcomes Workgroup) 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 cervical radiculopathy (assessed by neck pain radiating to the shoulder/arm/
hand), and presence of claustrophobia, pacemaker, defibrillator, or other surgical hardware
that would be a relative MRI contraindication. All of the eligibility and exclusion criteria
were applied to the symptomatic shoulder in patients 45 years and older. In cases with
bilateral shoulder involvement, the most painful shoulder was assessed. We obtained
approval for this study from our Institutional Review Board and obtained informed consent
from all participants.

From 02/2011 to 07/2012, we recruited 153 patients with shoulder pain and recruitment is
ongoing. For the current study, we selected all subjects who had a shoulder MRI at our
institution (n=31). This sub-set was selected to maintain consistency in the equipment used
for imaging and MRI sequences available for review.

Standardized MRI Assessments

MRI was performed on a General Electric 1.5-T magnet (Waukesha, WI, USA) using a
dedicated shoulder coil (Invivo, Gainesville, FL, USA). Fields of view ranged from 14 to 16
cm with sequences obtained in the sagittal oblique, coronal oblique, and axial planes. Slice
thickness was 4 mm in the coronal and sagittal planes and 3 mm in the axial plane. The
following sequences were obtained: coronal oblique fast-spin-echo (FSE) proton-density
weighted images, coronal oblique FSE short tau inversion-recovery (STIR) images, sagittal
FSE proton-density or T2-weighted images with fat suppression, sagittal FSE T1-weighted
images, axial T1-weighted images, and axial T-2 weighted gradient echo images.

A standardized MRI reading form (Appendix A) was developed based on published
literature and input from our imaging and shoulder experts prior to recruitment for the study.
MRI review was performed jointly by two shoulder experts (LDH, a shoulder surgeon, with
about 15 years of experience after shoulder fellowship training and NBJ, a physiatrist and
recent shoulder fellowship graduate). Thus, these two clinicians, henceforth referred to as
Reviewers 1, provided a composite review. Any differences were resolved by consensus.
The MRI reviewers were blinded to patient identifiers and other clinical information. The
MRI review sessions were performed on approximately a monthly basis. A blinded MRI
review was subsequently performed independently by a musculoskeletal radiologist with
over 15 years of experience (JN; henceforth referred to as Reviewer 2). To assess intra-rater
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reliability, select characteristics of the supraspinatus including tear-thickness, tear size, and
tendon retraction were assessed during a second review by Reviewers 1 occurring at least
four months after the original review. The supraspinatus was selected since it was the most
commonly torn tendon in our study. Fatty infiltration and muscle atrophy was assessed for
all 4 rotator cuff muscles. Finally, the physiatrist among the two shoulder experts (NBJ) who
took part in the composite review performed an additional unassisted review, at least four
months after the last review. The reliability of this review by the physiatrist versus
Reviewers 1 and Reviewer 2 was also assessed.

The following parameters were assessed during the MRI review:

Tear Thickness—A full-thickness tear was diagnosed when there was complete
disruption of all tendon fibers or when the signal within the cuff tendons was isointense
compared with fluid on the T2-weighted images and extended from the articular to the
bursal surface on one or more images.12:13 A partial-thickness tear was diagnosed when
fluid-intensity signal within the tendons was in contact with only one of the surfaces or if
there was a discontinuity of some but not all tendon fibers.1213 For the purposes of this
investigation, mild fraying of the tendon by itself was not sufficient to constitute a partial-
thickness tear. Tendinosis/tendinopathy was diagnosed if the tendon showed increased
signal intensity on proton-density or T1-weighted images without further increase in signal
on T-2 weighted images, and without disruption of the tendon. 1415 On T2 weighted images,
the abnormal signal had to be lower than fluid intensity (since fluid intensity would suggest
a tear).13-15 Additional findings of tendinopathy included tendon thickening, whether focal
or fusiform.

Tear Size—Tear size was graded as small (<1 cm), medium (1-3 cm), large/massive (>3
cm).16Tear size was assessed both in the longitudinal and transverse planes.

Number of Tendons—All rotator cuff tendons (supraspinatus, infraspinatus,
subscapularis, and teres minor) were assessed (except during second reading performed by
Reviewers 1 for intra-rater reliability). Single versus multiple tendon tears were noted. For
purposes of this analysis, only the largest tear for each patient was analyzed.

Fatty Infiltration—Fatty infiltration was evaluated on the basis of fatty streaks within the
muscle belly observed on a T1-weighted oblique sagittal image. It was graded as: grade 0,
no fat; grade 1, thin streaks of fat; grade 2, less fat than muscle; grade 3, equal amounts of
fat and muscle; and grade 4, more fat than muscle as described by Goutallier et al.10 The
original article by Goutallier et al. described fatty infiltration based on Computed
Tomography (CT) scan findings. However, MRI offers superior resolution of muscle as
compared with CT scan and multiple prior studies have used MRI for fatty infiltration
grading.17-19 Moreover, it is also standard clinical practice to use MRI for rotator cuff
assessment as opposed to CT scan. All four tendons were evaluated for our study.

Muscle Atrophy—Muscle atrophy was graded according to the scale by Warner et al.20
based on an oblique sagittal plane in the most lateral image where the coracoid and scapular
spine meet the scapular body. This position has been found to be easily reproducible.!
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Atrophy was graded as none, mild, moderate, and severe. Although the original study used
CT scan for muscle atrophy grading, MRI offers muscle resolution that is better than CT
scan. Prior studies have also used MRI for muscle atrophy grading.’

Tendon Retraction—Tendon retraction in the coronal plane was classified as described
by Boileau et al.22. A tear was classified as stage | tear if the medial edge of the torn tendon
was over the greater tuberosity. Stage Il tears exposed the humeral head but did not retract to
the glenoid. If the tendon retracted to the glenoid, the tear was classified as Stage I11. Stage
IV tears were retracted medial to the glenoid.

Statistical Analysis

RESULTS

To quantify inter- and intra-rater reliability, we calculated percent agreement and Cohen’s
kappa coefficients with 95% confidence intervals.23 Cohen’s kappa is a measure of
agreement calculated based on expected versus observed values; it corrects for agreement
based on chance alone.2* For ordinal outcomes we calculated weighted kappas, which
account for the degree of disagreement between ordinal outcomes.2®> While there is no
standardized guideline for the kappa value that constitutes acceptable agreement, Landis and
Koch recommend the following divisions: poor agreement with kappa<O0; slight agreement
with kappa between 0-0.2; fair agreement with kappa from 0.2-0.4; moderate agreement
with kappa of 0.4-0.6; substantial agreement if kappa is between 0.6 and 0.8, and; almost
perfect agreement for kappa 0.8-1.0.26 Since the precision of point estimates in our study
was low (wide confidence intervals), we have used the term substantial agreement to
describe kappa values between 0.6 and 1.0.

Kappa paradox: Occasionally even in the setting of high agreement, a measurement may
have poor kappa simply because of the lack of variability in the population and not because
of the intrinsic inaccuracy of the measurement itself.2’ If inter-subject variability is small
(the prevalence of a trait is very rare or exceedingly common), then the expected or chance
agreement becomes so large that the kappa statistic is difficult to interpret. Therefore, in
addition to kappa we have reported percent agreement. These are especially relevant for
fatty infiltration and muscle atrophy, as very few patients in our study have severe grades of
muscle degradation. Since the grading categories of fatty infiltration and atrophy are
identical for all four rotator cuff muscles, we combined the four muscles for inter- and intra-
rater reliability analysis of fatty infiltration and atrophy. We have also provided results
stratified by the rotator cuff muscle for fatty infiltration and atrophy in the Appendix.

An a priori sample size calculation was performed to ensure reasonable precision in the
estimate of agreement statistics. For an a priori estimate of 90% agreement, a sample size of
27 participants provided a 95% confidence interval of 78.5% to 100% agreement. We
performed statistical analyses using SAS for Windows (version 9.2), SAS Institute Inc.,
(Cary, NC).

A majority of participants in our study were female (58%) and the mean age was 60.7 + 8.7
years (Table 1). The mean duration of symptoms was 19.8 + 35.5 months.
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There was substantial inter-rater reliability for the presence or absence of a rotator cuff tear
(kappa=0.90; 95% CI=0.72, 1.00; Table 2). Even when reviewers differentiated between
tear-thickness (full versus partial versus no tear), there was substantial inter-rater reliability
(kappa=0.84; 95% CI=0.70, 0.99). Few examples of disagreement between reviewers’
ratings of partial-thickness versus full-thickness tears are presented in Figures 1, 2, and 3.
When reviewers’ further differentiated between tear-thickness and presence of tendinopathy,
the kappa value dropped to 0.68 (95% CI=0.54, 0.82). Most of the differences in reviewers’
ratings were explained by disagreement between tendinopathy versus normal tendon.

There were variable results for reliability of tear size. The kappa for inter-rater reliability of
longitudinal size of rotator cuff tear was 0.75 (95% CI1=0.44, 1.00) whereas that for
transverse size of tear was 0.20 (95% CI1=0.00, 0.51). There was substantial reliability
between the reviewers’ rating of tendon retraction stages as described by Boileau et al
(kappa=0.77; 95% CI1=0.64, 0.90).

Gradings of fatty infiltration of the rotator cuff had a kappa of 0.62 (Table 3) although the
precision of the estimate was low (95% CI=0.45, 0.79). An example of agreement is
presented in Figure 4. When fatty infiltration was stratified by rotator cuff tendons, there
was substantial reliability between the raters for supraspinatus and subscapularis, and
moderate reliability for infraspinatus and teres minor (Appendix B; Table 3.a). The percent
agreement between the raters was high (a range of 0.69-0.87 across the four tendons).
Similarly, ratings of muscle atrophy had a kappa of 0.68 (95% CI=0.50, 0.86). When
stratified by rotator cuff tendons, there was substantial reliability for teres minor,
supraspinatus and subscapularis, and moderate reliability for infraspinatus (Appendix B;
Table 3.b).

The intra-rater reliability for shoulder experts in this study was substantial across all
variables that were assessed except for transverse tear size (Table 4). Kappa for tear
thickness was 0.88 (95% CI1=0.72, 1.00), for tendon retraction was 0.88 (95% CI=0.78,
0.97), for fatty infiltration was 0.89 (95% CI1=0.80, 0.98), and for muscle atrophy was 0.87
(95% CI1=0.76, 0.98). The reliability when only one of the two shoulder experts reviewed the
MRI versus the composite read (of Reviewers 1) was also substantial across all variables
except for transverse tear size (Appendix B; Table 5). Kappa for tear thickness was 0.86
(95% CI1=0.70, 1.00), for tendon retraction was 0.85 (95% CI=0.72, 0.98), and for fatty
infiltration was 0.73 (95% CI=0.53, 0.93). When the review by one shoulder expert was
assessed against the review by Reviewer 2, the results were similar except for fatty
infiltration where the kappa decreased to 0.50 (95% CI=0.30, 0.70) (Appendix B; Table 5).

DISCUSSION

We studied reliability of routinely assessed MRI characteristics of the rotator cuff. These
characteristics are an essential part of the decision-making process in treatment of patients
with rotator cuff tears. We found that there was substantial agreement between shoulder
experts and a musculoskeletal radiologist in assessment of the presence and thickness of
tear. There was substantial agreement in rating longitudinal tear size (though not for
transverse tear size), tendon retraction, fatty infiltration, and muscle atrophy. The intra-rater
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reliability among shoulder experts was also substantial. These findings were also consistent
when only one of the two shoulder experts reviewed the MRI. Our data has to be interpreted
with caution since confidence intervals around the point estimates in our study were wide.
Our data provides clinicians with valuable information on the reliability of MRI
interpretation by expert clinicians as compared with musculoskeletal radiologists.

Only few prior studies have reported on reliability of tear size, tear thickness, and presence
of tendinopathy. Balich et al. reported good to excellent inter-rater reliability for the
presence and thickness of rotator cuff tear among five radiologists.?8 In a retrospective study
of 67 patients, two radiologists had near perfect inter-observer reliability (kappa=0.91) for
diagnosis of full-thickness tears and moderate reliability (kappa=0.49) for partial-thickness
tears on Magnetic Resonance Arthrography (MRA).29 In another retrospective study of 97
patients, inter-rater reliability among radiologists for full-thickness tear was moderate
whereas that for partial-thickness tear and tendinitis was poor to fair.39 Sein et al. assessed
reliability of supraspinatus tendinopathy among musculoskeletal radiologists.1®> The authors
reported an intraclass correlation of 0.55 for inter-observer reliability on MRI. A lower inter-
rater reliability for transverse as compared with longitudinal size of tear was observed in our
study. Possible reasons include greater technical complexity of measuring transverse tear
size and the use of different image sequences during each of the reviews.

Prior studies have also provided variable results on the reliability of assessing the
preservation of rotator cuff muscle bulk and degree of fatty infiltration. Wall et al. recently
assessed the diagnostic performance of ultrasonography as compared with MRI for
assessment of fatty infiltration in 80 participants.3! The authors also reported on inter-
observer reliability of MRI among a shoulder expert, a shoulder fellow, an orthopedic
resident, and a musculoskeletal radiologist. They presented a kappa of 0.76 for the
supraspinatus, 0.77 for the infraspinatus, and 0.59 for the teres minor. Values for
subscapularis were not reported and other characteristics of the rotator cuff such as tear size
and thickness, atrophy, and tendon retraction were not reported. Our study shows a similar
trend with higher inter-observer reliability for supraspinatus and infraspinatus, and lower
values for teres minor. The kappa paradox applies to the lower kappa value for teres minor
in our study since few patients have higher grades of fatty infiltration. The percent
agreement between the reviewers in our study was high for teres minor (83%). Wall et al.
also assessed intra-observer agreement for a shoulder fellow and an orthopedic resident, and
reported kappa values between 0.71 and 0.90. In another study of 31 patients, three surgeons
rated supraspinatus fatty infiltration, supraspinatus and infraspinatus muscle atrophy, and
tendon retraction in the frontal plane.1 In this study, only tendon retraction showed
moderate agreement. The kappa for fatty infiltration and atrophy of the supraspinatus were
0.41 and 0.25, respectively. Oh et al. reported kappa values of 0.60-0.75 for inter-rater
reliability when grading fatty infiltration in 75 subjects with full-thickness rotator cuff tears
among two musculoskeletal radiologists and three shoulder surgeons.18 Other studies
reported low inter-rater reliability among shoulder surgeons for fatty infiltration.19:32

A more comprehensive study was performed by Spencer et al. to assess inter-rater reliability
of MRI among surgeons in 27 patients.33 However, the reviewers had prior knowledge that
these patients all had rotator cuff surgery for a tear and details on muscle quantity
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classification were not provided. Fatty infiltration had only fair inter-rater reliability. Sagittal
(transverse) and coronal (longitudinal) sizes of tear also had low kappa values of 0.42.
Classification of full versus partial-thickness had substantial to almost perfect reliability.

Thus, prior studies have reported variable results on intra- and inter-rater reliability of MRI
assessment of the rotator cuff. Most of these studies assessed inter-rater reliability among
shoulder surgeons or among radiologists (as opposed to between shoulder specialists and
radiologists), and reported on only a few, select characteristics of the rotator cuff. Our study
addresses these limitations, follows a standardized and rigorous research protocol, and is the
only study that assesses all of the essential MRI variables in a single analysis. The somewhat
higher inter-rater reliability documented in our study as compared to many previous
investigations may simply be due to chance, as our confidence intervals were wide, or may
also relate to the use of strict protocolized definitions of the salient imaging findings in this
study. Although the shoulder experts in our study did not receive specialized
musculoskeletal radiology training in MRI review, our study was performed at an academic
setting which may bias our results.

Our study has a few limitations. Although two shoulder experts performed a composite
review in our study which is not typical in clinical practice, we also assessed the reliability
when only one of these two shoulder experts performed the review and the results were
similar. It is also possible that the time spent on reviewing each MRI was greater in our
study than is typical in a busy clinical practice. In addition, our study did not address
anatomic or pathologic findings that were not directly related to rotator cuff injury. These
include the capsulolabral complex, glenohumeral, or acromioclavicular joints.

CONCLUSION

In summary, our data show that MRI assessment of the rotator cuff has good inter-rater and
intra-rater reliability for most variables among shoulder experts and a musculoskeletal
radiologist. These data offer support for the use of MRI interpretations by expert clinicians
in studies of rotator cuff disorders.
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APPENDIX A

MRI READING FORM

Provider Initials: _  _ _ _ Study ID: __
G Inmaging Reviewed: O 1- MRI O 2- MRA O 3 - CTA O 4 — CT

O5 - X-Ray O 6 — No imaging

A. Rotator Cuff (Tear 1): (If there are nore than two rotator cuff tears

pl ease rate the

bi ggest two.)

1. Full thickness tear? O YES O NO

2. Partial thickness tear? O YES O NO

3. If partial thickness tear O Bursal O Articular (or intrasubstance)

3. alf partial thickness tear O <50% O 50-75% O >75%

4_ Size (if full-thickness): a. Longitudinal __ . _ cm b. Transverse __
_ . __cm

5. Tendonitis/tendinopathy O YES O NO
(without tear)
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6. Tendon involved (tear or tendonitis/tendinopathy):
a.Subscapularis O YES O NO

b.Supraspinatus O YES O NO

c.Infraspinatus O YES O NO

d.Teres Minor O YES O NO

B. Rotator Cuff (Tear 2; if present)

1. Full thickness tear? O YES O NO

2. Partial thickness tear? O YES O NO

3. If partial thickness tear O Bursal O Articular (or intrasubstance)

4_ Size (if full-thickness): a. Longitudinal __ . _ cm b. Transverse __
cm

5. Tendonitis/ tendinopathy O YES O NO
(without tear)

6. Tendon involved (tear or tendonitis/tendinopathy):
a.Subscapularis O YES O NO
b.Supraspinatus O YES O NO
c.Infraspinatus O YES O NO

d.Teres Minor O YES O NO

C. Biceps Tendon

1. Partial Tear O YES O NO

2. Fluid O YES O NO

3. Absent O YES O NO

4. Subluxation O YES O NO

5. ITf medial subluxation, O Normal O Fraying O Tear
Subscapularis

O her

Labral tear O YES O NO

Ganglion Cyst O YES O NO

Glenohumeral Osteoarthritis O YES O NO
Bankart Lesion O YES O NO

Hills-Sachs Lesion O YES O NO

AC joint arthritis O YES O NO

N~ o b W NP D

Acromion O Type 1 O Type 2 O Type 3
O Lateral downslope O Os Acromiale

8. Calcific Tendonitis O YES O NO

E. Standard Eval uations

(Pl ease conplete for all tendons)

1. Supraspinatus Goutallier (stage):

2. Infraspinatus Goutallier (stage):

No fatty deposits O 0 — No fatty deposits

Some fatty streaks O 1 — Some fatty streaks
More muscle than fat O 2 — More muscle than fat

— Equal muscle and fat O 3 — Equal muscle and fat

O o0Ooo0oag
A w N P O
|

— Less muscle than fat O 4 — Less muscle than fat
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Teres Minor Goutallier (stage): 4. Subscapularis Goutallier (stage):

— No fatty deposits O 0 — No fatty deposits
— Some fatty streaks O 1 — Some fatty streaks
— More muscle than fat O 2 — More muscle than fat

— Equal muscle and fat O 3 — Equal muscle and fat

A W N P O

— Less muscle than fat O 4 — Less muscle than fat
. Boileau Retraction (stage):

Not applicable O 1 O 11

1l oiwv

3.
O
O
O
O
O
5
O
O

6. Muscle Atrophy Grading:

None Mild Moderate Severe
a. Supraspinatus O O O 0O
b. Infraspinatus O O O O
c. Teres Minor O OO O

d. Subscapularis O O 0O 0O

APPENDIX B
Table 3.a

Inter-Rater Reliability of Rotator Cuff Muscle Fatty Infiltration

PM R. Author manuscript; available in PMC 2016 March 01.

Percent
Kappa Agreement
Reviewer 2 (95% ClI) (95% CI)
Fatty Infiltration™
Reviewers 1 (Composite) Supraspinatus
Grade
0 Gradel Grade2 Grade3 Grade4
Grade 0 21 3 0 0 0
Supraspinatus  Grade 1 0 2 1 0 0
0.64 0.80
Grade2 1 1 0 0 0 (031,09 (061,092
Grade 3 0 0 0 0 0
Grade 4 0 0 0 0 1
Infraspinatus
Grade
0 Gradel Grade2 Grade3 Grade4
Grade 0 16 7 1 0 0
Infraspinatus  Grade 1 1 1 0 0 0
0.59 0.69
Grade2 0 0 1 0 0 (028/091) (049,0.85)
Grade 3 0 0 0 1 0
Grade 4 0 0 0 0 1
Teres Minor
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Percent
Kappa Agreement
Reviewer 2 (95% CI) (95% CI)
Grade
0 Gradel Grade2 Grade3 Grade4
Grade 0 25 2 1 0 0
Teres Minor  Grade 1 1 0 0 0 0
0.47 0.83
Grade2 0 B : B 0 (000,094) (0.65 0.94)
Grade 3 0 0 0 0 0
Grade 4 0 0 0 1 0
Subscapularis
Grade
0 Gradel Grade2 Grade3 Grade4
Grade 0 25 2 0 0 0
Subscapularis  Grade 1 0 0 1 0 0
0.72 0.87
Grade2 0 0 0 0 0 (048097) (069, 0.96)
Grade 3 0 0 1 1 0
Grade 4 0 0 0 0 0

*
Fatty infiltration grades as described by Goutallier et al.10

Note: There was too much motion artifact on one study to perform grading and one rater commented that there was too
much edema of the infraspinatus on another study to perform grading of this muscle.

Table 3.b

Inter-Rater Reliability of Rotator Cuff Muscle Atrophy

Percent
Kappa Agreement
Reviewer 2 (95% CI) (95% CI)
Muscle Atrophy*
Supraspinatus
None Mild Mod Severe
None 24 2 0 0
Supraspinatus .
prasp Mild 0 1 1 0 0.72 0.87
Mod 0 1 0 0 (0.45,0.98)  (0.69, 0.96)
Reviewers 1 (Composite) Severe 0 0 0 !
Infraspinatus
None Mild Mod Severe
None 21 4 1 0
Infraspinatus f
P Mid 10 0 0 0.54 0.79
Mod 0 0 1 0 (0.11,0.96) (0.60, 0.92)
Severe 0 0 0 1
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Percent
Kappa Agreement
Reviewer 2 (95% CI) (95% CI)
Teres Minor
None Mild Mod Severe
None 28 0 0 0
Teres Minor .
Mild 0 10 0 1.00 1.00
Mod 0 0 1 0 (N/A) (N/A)
Severe 0 0 0 0
Subscapularis
None Mild Mod Severe
None 26 2 0 0
Subscapularis ;
Mod 0 1 1 0 (0.27,1.00)  (0.73,0.98)
Severe 0 0 0 0

*
Muscle atrophy stages as described by Warner et al.20

Note: There was too much motion artifact on one study to perform grading and one rater commented that there was too
much edema of the infraspinatus on another study to perform grading of this muscle.
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(a) (b)

(©)

Figure 1. Inter-Rater Discrepancy (Full-Thickness versus Partial-Thickness Tear)
Select Coronal Oblique STIR FSE and Sagittal Oblique Proton Density Fat Saturated images

of the supraspinatus in a study read as full-thickness tear by one reviewer and partial-
thickness tear (arrow) by other reviewer
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Figure 2. Inter-Rater Discrepancy (Full-Thickness versus Partial-Thickness Tear)
Select Coronal Oblique Proton Density Fat Saturated image of the supraspinatus in a study

read as full-thickness tear by one reviewer and partial-thickness tear (arrow) by other
reviewer
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(@) (b)

(©

Figure 3. Inter-Rater Discrepancy (Full-Thickness versus Partial-Thickness Tear)
Select Coronal and Sagittal Oblique Proton Density Fat Saturated images of the

supraspinatus in a study read as full-thickness tear by one reviewer and partial-thickness tear
(arrow) by other reviewer
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Figure 4. Inter-Rater and Intra-Rater Agreement for Fatty Infiltration
Select Sagittal Oblique T1-weighted images of the rotator cuff muscle in a study read as

Grade | fatty infiltration for supraspinatus (arrow) and Grade 2 fatty infiltration for
infraspinatus (curved arrow). This was consistent across Reviewer 1 and Reviewer 2, and
during the second read by Reviewer 1
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Table |

Baseline Characteristics of Study Participants (n=31)
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Characteristics

Number (%6)

Age (years)” 60.8+8.7
Sex
Female 18 (58.1%)
Male 13 (41.9%)
Race

White (non-Hispanic)

26 (83.9%)

Shoulder Visual Analog Pain Score™

Other 5 (16.1%)
Laterality
Right 20 (64.5%)
Left 11 (35.5%)
Duration of Symptoms (months)™ 19.8+35.5
48.4+24.8

*
Expressed as mean + standard deviation
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Table V

Reliability of Rotator Cuff Assessment on MRI by One Shoulder Specialist

One Shoulder Specialist versus Reviewers 1%

One Shoulder Specialist versus Reviewer 2%

Kappa Percent Agreement Kappa Percent Agreement
(95% ClI) (95% CI) (95% CI) (95% CI)
Supraspinatus Tear 0.86 0.90 0.69 0.77
Thickness (0.70, 1.00) (0.74,0.98) (0.47,0.91) (0.59, 0.90)
Supraspinatus Tear 0.79 0.87 0.75 0.86
Size (Longitudinal) (0.52, 1.00) (0.60, 0.98) (0.44, 1.00) (0.57, 0.98)
Supraspinatus Tear 0.29 0.67 0.00 0.71
Size (Transverse) (0.00, 0.72) (0.38, 0.88) (0.00, 0.00) (0.42,0.92)
Supraspinatus 0.85 0.84 0.76 0.71
Tendon Retraction (0.72, 0.98) (0.66, 0.95) (0.63, 0.90) (0.52, 0.86)
Fatty Infiltration™ 0.73 0.93 0.50 0.79
(0.53, 0.93) (0.89, 0.98) (0.30, 0.70) (0.72, 0.86)
Muscle Atrophy™™ 0.81 0.94 0.64 0.90
Py (0.67, 0.95) (0.90, 0.98) (0.43, 0.85) (0.85, 0.95)

Aggregate statistics for all four rotator cuff tendons for fatty infiltration and muscle atrophy are presented

Reviewers 1 represent composite assessment by two shoulder specialists whereas Reviewer 2 represents a musculoskeletal radiologist

*
Fatty infiltration grades as described by Goutallier et al.10

**
Muscle atrophy stages as described by Warner et al.20
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