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Background: The purpose of this study was to determine the intra- and inter-rater reliability of detecting
full- and partial-thickness tears of the supraspinatus intramuscular central tendon on magnetic resonance
imaging (MRI) by orthopaedic shoulder surgeons. Full-thickness tears of this tendon have previously
been associated with the failure of nonsurgical management of rotator cuff tears.

Methods: Shoulder MRIs from 40 patients entered into a prospective rotator cuff disease database were
independently reviewed by two musculoskeletal (MSK) radiologists in order to determine if there was
a partial- or full-thickness tear of the supraspinatus central tendon. The MRIs were randomly sorted and
distributed to 16 fellowship-trained shoulder surgeons. The surgeons then similarly diagnosed each patient.
After a 1-month interval, surgeons repeated the evaluation with the same set of randomly reordered MRIs.
Surgeon intra- and inter-rater reliability was determined with the kappa statistic. Agreement and inter-rater
reliability were also determined between the shoulder surgeons and MSK radiologists.

Results: For full-thickness tears, the intra-rater reliability was excellent (0.86 + 0.1, 95% confidence
interval (CI): 0.81, 0.91) and the agreement was 93.4% + 4.6, 95% CI: 91.1, 95.8. Inter-rater reliability
for both rounds was also excellent (0.77 and 0.74). The agreement between the shoulder surgeons and
MSK radiologists was 92.9% =+ 3.9, 95% CI: 90.9, 94.9, and the kappa was 0.85 £ 0.08, 95% CI: 0.81,
0.89. Including partial-thickness tears resulted in agreement of 65-92% and kappa values of 0.59-0.72.
Conclusion: The reliability for the MRI detection of full thickness tears of the supraspinatus central tendon
among shoulder surgeons and between shoulder surgeons and MSK radiologists was excellent.

Level of evidence: Level III, Nonconsecutive Patients, Diagnostic Study.
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Partial and full thickness rotator cuff tears are common
clinical problems and remain challenging to manage because
of their complex natural history and broad variations in their
clinical presentations. Nonsurgical treatment can provide
satisfactory results in some patients with significant im-
provement in their symptoms.”>"%!*1%% Some patients,
however, will fail to improve after a course of nonsurgical
management and subsequently require surgical manage-
ment.>”#13142% The main challenge to clinicians is success-
fully identifying those individuals who would benefit from
immediate surgical intervention and distinguishing them
from those who could be successfully treated without surgery.

A recent study reported successful nonsurgical treatment
of full thickness rotator cuff tears in patients who had at
least 3 of the 4 following attributes: 1) absence of an
impingement sign; 2) preserved external rotation range of
motion; 3) little or no fatty atrophy of the supraspinatus
muscle; 4) an intact intramuscular central tendon of the
supraspinatus.”* The intramuscular tendon was initially
identified on magnetic resonance imaging (MRI) as a low
signal void centrally in the supraspinatus muscle. This
structure has similar signal characteristics to tendon and is
continuous laterally with the main tendon (Fig. 1).%%’
Utilizing MRI and anatomic dissections, the detailed archi-
tecture of this structure has been described.®!%!6-18:21:23-27.30
The central tendon runs eccentrically within the anterior
aspect of the supraspinatus and is shown to be the strongest
portion of the supraspinatus tendon''; hence both anatomi-
cally and functionally, it is considered a critical portion
of the supraspinatus tendon. Given that the central tendon
comprises only a portion of the whole supraspinatus tendon,
it is therefore possible to have an intact central tendon in
the presence of a tear to another part of the supraspinatus
tendon (ie, more anterior or posterior to the central tendon).

The overall reliability of detecting tears of the rotator
cuff tendons on MRI has been reported to be highly vari-
able, ranging from 0.37 to 0.80 (Cohen’s kappa).'~"?
The reliability for the detection of full thickness tears
(0.67-0.88) is better than the reliability for the detection of
partial thickness tears (0.13-0.44), demonstrating the
challenge of differentiating the increased signal character-
istics of partial tears compared to inflammatory or granu-
lation tissue."?%?? To date, however, there have been no
studies evaluating the intra- and inter-rater reliability for
the specific detection of supraspinatus intramuscular central
tendon tears on MRI.

The purpose of this study was to determine the intra- and
inter-rater reliability of detecting a partial- or full-thickness
tear of the supraspinatus intramuscular central tendon on
MRI by orthopaedic shoulder surgeons.

Materials and methods

A diagnostic test-retest design was used in this study. Fully de-
identified shoulder MRIs were obtained from a prospective

database of rotator cuff disease patients maintained by the senior
author (B.S.M.). These images included sagittal- and coronal-
oblique fast-spin echo (FSE) sequences with fat-saturation (TR/
TE = 3000-3500/40-61). The echo train length was 12 with
a 3-mm slice thickness and 1-mm gap. The field of view was
16 cm? with a 256 x 192 matrix. Images were acquired on either
a Phillips (Philips Healthcare, Andover, MA, USA) or GE (GE
Healthcare, Waukesha, WI, USA) 1.5 Tesla machine with a dedi-
cated shoulder coil. Sagittal- and coronal-oblique sequences were
reviewed by a fellowship-trained musculoskeletal (MSK) radiol-
ogist (J.J.) to ensure that the sequences were of diagnostic quality
and that the greater tuberosity was parallel to the glenoid. Two
MSK radiologists (J.J. and Y.M.) then independently reviewed
the MRIs to determine whether the supraspinatus central tendon
was intact, partially torn, or fully torn. The criteria for diagnosing
a tendon tear was the presence of fluid signal identifying
discontinuity of the central tendon on 2 imaging planes. Impor-
tance was placed on differentiating fluid signal identifying
a discontinuity somewhere in the rotator cuff insertion versus
discontinuity specifically in the area of the insertion of the
supraspinatus central tendon. The independent diagnoses were
then compared to identify cases in which the MSK radiologists
had concordant diagnoses. This process identified 10 patients
(38.4 £ 13.6 years old, mean £ SD) with an intact central tendon,
15 patients (53.5 & 11.1 years old) with a partial tear of the central
tendon, and 15 patients (60.5 £ 13.4 years old) with a full tear of
the central tendon for a total of 40 cases. The complete study
sample was 77.5% male with a mean age of 52.3 & 15.1 years old.
As the intramuscular tendon is not visible on arthroscopy, the
radiologists’ diagnoses were compared to those of the shoulder
surgeons.

The 40 MRIs were then copied onto compact discs (CDs) in
random order. The CDs contained software that allowed the MRI
images to be displayed independent of a computerized diagnostic
imaging system. Typical diagnostic imaging tools such as zoom,
contrast, brightness, etc were available as part of this software. A
set of CDs was then distributed to 16 fellowship-trained ortho-
paedic shoulder surgeons who are members of the Multi-center
Orthopaedic Outcomes Network (MOON) Shoulder Group. The
surgeons were blinded to any patient demographic or clinical data
related to the MRI images that they reviewed. An educational
PowerPoint (Microsoft, Redmond, WA, USA) presentation was
also distributed to all the reviewers. This presentation included
information about the study and specific anatomical and radio-
logical images demonstrating the supraspinatus intramuscular
central tendon along with typical sagittal- and coronal-oblique
MRI images as examples of an intact, partially torn, and fully torn
central tendon (Figs. 2-4 are examples from different patients).
The surgeons were instructed to focus on the status of the central
tendon itself, regardless of whether or not there was a partial- or
full-thickness tear of some part of the supraspinatus tendon. The
reviewers were asked to use the sagittal- and coronal-oblique MRI
images to determine whether or not there was a tear of the central
tendon, and if so, if the tear was partial or complete. These
diagnoses were marked on a standard data collection form and
then returned to the study coordinator. A second set of CDs was
produced with the same 40 MRIs randomly reordered. One month
following the return of the round one data form, the second set of
CDs was sent to each reviewer. The 1-month period was used to
help reduce recall bias. The reviewers then completed the data
form in the same manner as previously performed.
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Figure 1

Sagittal-oblique MRI images of the supraspinatus central tendon. Images A through D move successively from medial to lateral.

Figure 2 Coronal-oblique image of an intact supraspinatus
central tendon.

Double data entry was performed independently by the study
coordinator and one of the authors to ensure data accuracy. To
assess intra- and inter-observer reliability, responses from each
reviewer were cross-tabulated to enable the calculation of

Figure 3
supraspinatus central tendon (partially torn laterally).

Coronal-oblique MRI image of a partially torn

agreement and the kappa statistic. The kappa statistic was cate-
gorized as poor (<0.50), good (0.51-0.75), or excellent (>0.75)
agreement.”> Inter-observer multi-rater generalized kappa statis-
tics* were calculated with Stata V6.0 (Stata Corporation, College
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Figure 4 Coronal-oblique image of a full thickness tear (with
retraction) of the supraspinatus central tendon.

Station, TX, USA). Intra-rater reliability was calculated within
each shoulder surgeon comparing rounds 1 and 2. The individual
agreement and intra-rater kappa statistics for each surgeon were
then averaged across all 16 surgeons and 95% confidence intervals
(CD for the mean were calculated. Inter-rater reliability was
calculated between all 16 shoulder surgeons. These were calcu-
lated separately for both rounds 1 and 2. Inter-rater agreement
and reliability was also calculated between each shoulder surgeon
and the radiologists’ diagnoses. The individual agreement and
inter-rater kappa statistics for each surgeon were then averaged
(with 95% CI) across all 16 surgeons. This was done for both
rounds 1 and 2. All kappa statistic calculations were unweighted
as there was no clinical evidence to support a different weighting
for partial tears. Measures of agreement and the kappa statistic
were first determined with two possible mutually exclusive
diagnosis categories: 1) no full tear, or 2) full tear of the supra-
spinatus central tendon. In this manner, “partial tears” and “‘no
tear” of the central tendon were coded as “‘no full thickness tear.”
In order to determine the reliability of using a more sensitive
diagnosis system, an exploratory analysis was performed by
comparing the 3 mutually exclusive diagnosis categories of: 1) no
tear; 2) partial tear; or 3) full thickness tear of the supraspinatus
central tendon.

Results

For the primary analysis of “‘no full thickness tear” versus
“full thickness tear,” the inter-rater reliabilities (kappa) for
the shoulder surgeons were 0.77 (round 1) and 0.74 (round
2). The mean (+SD) intra-rater agreement was 93.4% 4 4.6
(95% CI: 91.1, 95.8) and the mean intra-rater kappa statistic
was 0.86 £ 0.1 (95% CI: 0.81, 0.91). The mean agreements
between the MSK radiologists and the shoulder surgeons
for rounds 1 and 2 were 92.9% + 3.9 (95% CI: 90.9, 94.9)

and 91.4% + 4.1 (95% CI: 89.3, 93.5), respectively. The
mean kappa statistics were 0.85 £+ 0.08 (round 1; 95%
CI: 0.81, 0.89) and 0.82 4+ 0.09 (round 2; 95% CI: 0.77,
0.86). The diagnosis-specific agreements between the
shoulder surgeons and the MSK radiologists are reported
in Table L.

When comparing the diagnoses of no tear, partial tear,
or full thickness tear of the supraspinatus central tendon,
the mean (£SD) intra-rater agreement between rounds 1
and 2 was 81.7% + 8.5 (95% CI: 77.4, 86.0) and the mean
intra-rater kappa statistic was 0.72 + 0.13 (95% CI: 0.66,
0.79). Across the 16 shoulder surgeons, the inter-rater
kappa statistics for rounds 1 and 2 were 0.60 and 0.59,
respectively. The mean agreements between the MSK
radiologists and the shoulder surgeons for rounds 1 and 2
were 78.2% =+ 6.8 (95% CI: 74.8, 81.7) and 76.7% + 5.5
(95% CI: 73.9, 79.5), respectively. The associated mean
kappa statistics were 0.67 £ 0.1 (round 1; 95% CI: 0.62,
0.72) and 0.65 + 0.08 (round 2; 95% CI: 0.61, 0.69). The
agreement between the MSK radiologists and the shoulder
surgeons for each of the 3 diagnosis categories are listed in
Table II.

Discussion

The current study is the first to evaluate the reliability and
agreement of orthopedic shoulder surgeons in identifying
tears of the supraspinatus central tendon on MRI. The
agreement values for the determination of full thickness
tear or no full thickness tear were all above 90% with
excellent reliability kappa statistics of 0.74-0.86. As may
be expected, the intra-rater reliability and agreement were
better than those of the between surgeon and surgeon-
radiologist inter-rater reliability. These agreement and
kappa values are in line with a previous evaluation of the
reliability of fellowship-trained shoulder surgeons for the
differentiation of partial- versus full-thickness tears of the
whole rotator cuff (agreement = 89%, kappa = 0.77).2
When the possible diagnostic categories were expanded
to differentiate no tear from a partial tear of the central
tendon, the lowest agreement levels were seen for the
diagnosis of a partial tear (Table II). This may be partially
explained by the fact that increased signal in an otherwise
intact appearing tendon could represent a true partial
thickness tear, tendinosis, or granulation tissue, !+21:20-28
Additionally, the concept of “magic angle” may play a
role in the lack of agreement when deciding whether focal
increases in MRI signal represent a true partial tear of the
central tendon or normal tendon.'>?® The “magic angle”
phenomenon is an artifactual increase in signal that occurs
within the tendon when the collagen fiber orientation
deviates substantially from the axis of the main magnetic
field (most obvious at 55°)."3'? Kappa values will be lower
if there is difficulty in differentiating between diagnosis
categories.! The inter-rater reliability between surgeons
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Table I  Agreement (%) between the MSK radiologists and
the shoulder surgeons for the diagnosis of “full tear” or “no full
tear” of the supraspinatus central tendon

Round 1 Round 2
No tear 93.7% 94.3%
Full tear 91.7% 86.7%

Table II  Agreement (%) between the MSK radiologists and
the shoulder surgeons for the status of the supraspinatus
central tendon

Round 1 Round 2
No tear 74.4% 78.8%
Partial tear 67.4% 65.4%
Full tear 91.7% 80.8%

(kappa = 0.60, 0.59) was within the range of those previ-
ously demonstrated for rotator cuff tears (kappa =
0.37-0.80)."*%?* Intra-rater reliability (kappa = 0.72) was
found to be better than the inter-rater reliability between
surgeons and between surgeons and MSK radiologists
(kappa = 0.67, 0.65). The associated agreement was in the
range of 77% to 82%.

There have been no previous studies evaluating the
reliability of detecting tears of the central tendon of the
supraspinatus. There are multiple reports in the radiology
literature discussing the reliability of detecting tears of the
whole rotator cuff with MRL'?'%?" These studies have
evaluated the reliability between different levels of training
(junior residents through experienced faculty),'° different
imaging techniques (indirect MR arthrography with intra-
venous gadolinium),9 and different shoulder positions
(standard arm at the side position compared to abduction
and external rotation of the shoulder).” The kappa statistics
and level of agreement were generally lower for those
reviewers with less experience and for partial thickness
rotator cuff tears relative to full thickness tears.'*°
Additionally, a study involving fellowship-trained ortho-
paedic shoulder surgeons demonstrated agreement of 89%
and a kappa of 0.77 for the differentiation of partial- versus
full-thickness rotator cuff tears on MRI.** Although the
current study evaluated the status of a small part of the
rotator cuff, the findings are consistent, if not better, than
the previous rotator cuff studies. Balich et al reported kappa
values of 0.63 to 0.80 when using three diagnosis categories
(full thickness tear, partial thickness tear, no tear).1 In
comparison, Robertson et al included a fourth diagnostic
category (tendinitis) with lower resultant kappa values of
0.37-0.50.° These studies demonstrate how the kappa
value (and therefore reliability) can be negatively affected
by a lack of clear definition or independence of the diag-
nostic categories included.* In their study evaluating the
reliability of shoulder surgeons to diagnose shoulder

pathology on MRI, Spencer et al have suggested that
scoring/rating systems with fewer choices or more objec-
tive measures would likely improve agreement.”? Given the
issues with differentiating the MRI signal associated with
partial thickness tendon tears from tendon inflammation,
tendinosis, or granulation tissue, the categories of partial
tear, tendinosis, and no tear are not well defined. In the
current study, the agreement for the diagnosis of a partial
tear of the central tendon was lower than either the normal
or full thickness tear diagnoses (Table II). Combining the
partial and no tear diagnoses substantially improved the
agreement (91-93%) and the kappa statistics (0.74—0.86),
while still allowing the study to attain its goal of deter-
mining the ability to reliably identify full-thickness tears.

The current study included a relatively large number of
reviewers (16) with a similar level of training (fellowship-
trained in shoulder surgery). A similar educational back-
ground allows for a more accurate kappa statistic which
is therefore likely reproducible for other surgeons with
similar training.* The patient MRIs were presented in
random order and a one month interval between review
sessions was used to decrease recall bias. Educational
materials, including detailed MRI images demonstrating
examples of each of the diagnoses categories, were pro-
vided to each reviewer. This is the first study to evaluate the
reliability of detecting tears in the intramuscular central
tendon of the supraspinatus. Additionally, this study has
included the evaluation of reliability between fellowship-
trained shoulder surgeons and between those surgeons
and MSK radiologists.

The shoulder surgeons were blinded to all patient
demographic and clinical information. This may be seen as
both a strength and a limitation of this study. The more
information that reviewers are given to aid in the diagnosis,
the higher the kappa values should be and the study be-
comes more generalizable to a true clinical scenario.* The
complete blinding of patient information in the current study
provides a baseline, or worst case scenario estimate of the
reliability. Given the excellent reliability found in this study,
the addition of patient history and physical exam findings
should result in highly reliable outcomes in the clinical
setting.

The use of the kappa statistic for the determination of
reliability is an improvement over the standard agreement
calculation in that it takes into account the amount of
agreement that would be expected by chance alone.* This
correction is based on the marginal totals from the data
table and is therefore sensitive to the prevalence of the
“disease” in the study. In this manner, 2 studies with the
same agreement can have widely different kappa values
dependent on the prevalence of “disease” in each study.*
The convenience patient sample used in the current study
was chosen both on the quality of the imaging studies and
to allow for a similar distribution of patients with a diag-
nosis (as made by the MSK radiologists) of no tear, partial
tear, or full thickness tear of the supraspinatus central
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tendon. In this regard, a similar study performed with
a skewed distribution of these 3 diagnoses may result in
different kappa values.

The current study does not directly provide a new clin-
ical decision making tool for use in the management of
rotator cuff tear patients but it does provide validity and
generalizability to the findings of Tanaka et al.>* This study
has shown that shoulder surgeons can reliably identify
whether or not the intramuscular tendon of the supra-
spinatus is intact. Within the methodological merits of the
aforementioned study, shoulder surgeons can now confi-
dently use and further evaluate the recommendations of
Tanaka et al in their own practice for the management of
patients with full-thickness rotator cuff tears.

The reliability of shoulder surgeons and MSK radiolo-
gists to determine whether or not there is a full thickness
tear of the supraspinatus intramuscular central tendon has
been confirmed. Anatomical and clinical research is now
required to further advance the use of this potential
outcome for clinical decision making. Given the current
lack of a gold standard for a live patient, further work could
involve imaging cadaveric shoulders to determine the status
of the central tendon, followed by an anatomical dissection
of the same shoulders to confirm or refute the MRI
diagnosis.

Clinically, there are three possible questions to answer.
First, a replication of the study by Tanaka et al** should be
performed to support or refute their findings that an intact
supraspinatus intramuscular tendon is 1 factor that may
help predict the successful nonsurgical management of
patients with full thickness rotator cuff tears. Second,
imaging research is required to help identify ways for
differentiating inflammatory, tendinotic, or granulation
tissue from partial tears of the intramuscular tendon (or the
rotator cuff tendons in general) on MRI. This may allow an
evaluation of the role that partial thickness rotator cuff (or
central tendon) tears play in the success of non-surgical
management of these tears. Finally, the correlation
between tears of the supraspinatus tendon as a whole and
the status of the central tendon (torn or not torn) needs to be
evaluated in order to understand how having an intact
central tendon affects the clinical presentation of a patient
with a full thickness rotator cuff tear.

There are three main limitations to the present study.
Given the inability to arthroscopically view the intramus-
cular component of the supraspinatus central tendon, there
is currently no gold standard with which to compare the
MRI diagnosis. As such, the reliability and agreement can
be determined, but the sensitivity and specificity of the MRI
diagnoses cannot be evaluated. The current study was
performed with a 1.5T MRI scanner using a consistent
imaging protocol. The reliability may therefore vary with
different magnet strengths or imaging protocols. Addi-
tionally, this study was not designed to determine the
effects of patient age, tear chronicity, and muscle atrophy

on the reliability of detecting supraspinatus central tears
using MRIL.

Conclusion

The intra-and inter-rater reliability between shoulder
surgeons, and the inter-rater reliability between shoulder
surgeons and MSK radiologists, was excellent for the
detection of full thickness tears of the central tendon of
the supraspinatus. When including the diagnosis of
partial-thickness tears, the agreement and reliability was
lower. Because there is agreement among orthopaedic
surgeons and radiologists about the diagnoses of a full-
thickness tear in the supraspinatus central tendon on
MRI, this parameter should be further studied as
a possible predictor of outcome for the nonsurgical
management of full thickness rotator cuff tears.
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