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Abstract

Background: Subscapularis tears often occur in combination with various shoulder problems. Untreated, they can lead to persisted
symptoms even after rotator cuff surgery. Clinical tests, magnetic resonance imaging (MRI) and magnetic resonance arthrography (MRA)
are being used to evaluate subscapularis integrity. Reviews regarding publications till 2012, however, show poor sensitivity in detecting
subscapularis tears prior to surgery. Recent technological development might have led to improvement.

Method: A mini systematic review of the PubMed database of the last 5 years was made. Studies comparing MRI/MRA (index tests) to
open- and arthroscopic surgical findings (reference test) and recording different types of subscapularis tears were included. Methodological
appraisal was performed using QUADAS 2.

Results: In four retrospective studies, comprising 811 patients who underwent shoulder surgery, 264 subscapularis tears were identified
by arthroscopy (prevalence 32.6%). The sensitivity for detecting full thickness tears varied from 93% to 100%. The sensitivity for detecting
partial tears varied from 54% to 81%. There were high concerns regarding the index test bias and applicability in 3 of 4 studies. The lack of
consensus in the classification of subscapularis tears led to a high level of heterogeneity in these studies and made it impossible to pool data.

Conclusion: Despite the technological improvements in the last five years, the sensitivity of detecting subscapularis tears in patients
scheduled for rotator cuff surgery remains challenging. Only diagnoses of bigger subscapularis tears reach a good accuracy in MRI/MRA.

Abbreviations: MRI: Magnetic Resonance Imaging; MRA: Magnetic Resonance Arthrography; TP: True Positives; TN: True Negatives; FP: False

Positives; FN: False Negatives

Introduction

Subscapularis tears are seldom isolated [1] and often occur in
combination with various shoulder problems like labrum-, biceps-,
or other rotator cuff tears [2-4]. Although often underestimated,
the prevalence of subscapularis tendon tears in patients with
shoulder pain is about 27-37% [5-7]. Clinical tests, which have
been described to assess the subscapularis function, are the lift-off
test, belly-press test, internal rotation lag sign, Napoleon test, and
bear-hug test. The accuracy of these tests in detecting subscapularis
tears is limited. Despite good specificity (reaches 91 - 100%) the
sensitivity of these tests is poor (between 18 - 65%) [5,6,8]. Thus,
approximately more than 40% of the subscapularis tears will be
missed as only massive tears can be detected by clinical tests [8,9].
Failure to treat a subscapularis tear, even in supraspinatus tendon

repair, can lead to persisted symptoms and failure of the portion of
the cuff that was repaired [10-14].

Medical imaging technologies, such as magnetic resonance
imaging (MRI) and magnetic resonance arthrography (MRA) are
being used as an add-on test in the diagnostic pathway to provide
useful information to establish a proper treatment plan [15]. The
systematic reviews regarding publications until 2012, however,
show a good accuracy for full thickness tears, but low to moderate
sensitivity for partial tendon tears in rotator cuff lesions [3,15,16]
and in subscapularis in particular [17,18]. With respect to the
technological improvement [19], the question rises, if MRI or MRA
can accurately identify subscapularis tears and prevent inefficient
treatment of shoulder problems in patients for whom surgery
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is being considered. The purpose of this systematic review is to
evaluate research over the last five years of the overall accuracy
and sensitivity of MRI/MRA in detecting subscapularis tears and
to confirm its position as an add-on test in the diagnostic pathway
in patients with shoulder problems for whom surgery is being
considered.

Methods
Types of Studies

All studies of diagnostic accuracy that compared MRI/MRA
(index test) with open surgery and/or arthroscopy (reference test)
in patients with suspected rotator cuff pathology were included.
Because of technical improvement and the existence of systematic
reviews regarding studies until 2012, only studies over the last five
years, without language constrictions, were considered. Studies of
populations, for whom the subscapularis was the primary goal of
surgery, or studies which included healthy controls, were excluded.
The target condition was the presence of a partial or full thickness
tear of the subscapularis tendon.

Search and Study Selection

An electronic search strategy in the database of MEDLINE for
eligible studies was performed. Reference lists of the publications
found were manually checked for additional studies. Two reviewers
(MK and EKL) independently screened titles and abstracts of
relevant studies for inclusion. They obtained full text of potentially
relevant references and determined the inclusion and exclusion
criteria of the studies. Uncertainties or disagreements were
discussed with a third reviewer (ESTI). In each case a consensus
between the two reviewers could be established.

Data Collection

Two reviewers (MK and EKL) independently collected the
available data. When necessary, the study authors were contacted
for additional information. For inclusion, data had to be sufficient
for creating a 2x2 table. A number of data was collected, such as
the general information of the study (title, authors, journal, year,
study design, level of evidence), sample size, patient characteristics,
target condition, description of the index and reference test and the
number of true positives (TP), true negatives (TN), false positives
(FP), and false negatives (FN) of overall tears / partial- and full
thickness tears.

Risk of Bias Assessment

The methodological quality of the included studies was accessed
by two reviewers (MK and EKL) using the Quadas-2 checklist [20]
(Appendix 1). Disagreement on study quality was resolved by
consensus. Methodological quality was plotted in the Review Maker
5.3 (RevMan 5) as provided by the Cochrane Community [21].

Data Analysis

The accuracy of the index test for each target condition was
estimated in sensitivity and specificity with 95 % confidence
intervals. The result of each study was shown in a forest plot also
created with the Review Maker 5.3 (Figure 1).
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Results
Study Selection

The initial search strategy (Appendix 2) identified a total of 590
studies. The results are shown in the PRISMA flow chart presented
in Figure 1. Seventeen articles were selected for full review, while
155 were excluded by consensus. Of these 17, four were considered

in this systematic review. A total of 13 articles were excluded.
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Figure 1: Study flow diagram for identification of included

(_ studies. J

Risk of Bias

The methodological quality of the four included studies was
judged by two reviewers (MK and EKL). They assessed the risk of
bias to be high, low or unclear in different categories. Uncertainties
or disagreements were discussed with a third reviewer (ESTI) until
a consensus was made. The result for all studies is summarised
in Figure 2. The result for the individual studies can be found in
Figure 3. Patient selection created a high risk of bias in two studies
because of rigorous exclusion criteria [10] or exclusions based on
lack of information about surgical findings [22]. Bias on the index
test was based on lack of reporting definition and threshold of the
target condition [22]. Applicability concerns of the index test were
based on a lack of making a difference between partial and full
tear [23,24]. Arthroscopy was the reference standard in all studies.
Although not mentioned in all studies, it can be assumed that -
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based on ethical reasons - the surgeons were aware of the results
of the imaging tests before surgery. In one study [22] the definition
and threshold for the target condition in the reference test was not

mentioned. The time interval between index and reference test was
not mentioned in one [22], less than 3 months in one [23] and less
than 6 months in two studies [10,24].
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Figure 2: Risk of bias and applicability concerns graph: review author’s judgment about each domain presented as percentages
across included studies. )
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Figure 3: Risk of bias applicability concerns summary: review authors’ judgment about each domain for each included study.
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Characteristics of the Included Studies

All four studies compared retrospectively arthroscopic findings
to prior made MRI/MRA findings. The arthroscopic findings were
divided in full thickness, partial thickness, or no tears of the
subscapularis tendon. The MRI findings in two studies [10,22] also
divided in full thickness, partial thickness and no tears. The other
two studies [23,24] described different tear signs and made a cut-
off point between tear and no tear.

Detection of Subscapularis Tears

Figure 4 shows the forest plots of sensitivity and specificity for
MRI that assessed any tear of the subscapularis tendon. The four
studies based on 811 participants, having 264 subscapularis tears
show a mean prevalence of 32.6% (range 10.2% to 53.7%). The
sensitivity of MRI reported in the studies varied from 61% to 82%,
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and specificity from 86% to 96% (Figures 5 & 6). In three studies
[22-24] no difference in tear size of the MRI findings were made.
As aresult, it was only possible to evaluate if an arthroscopic found
(partial- or full thickness) tear was detected or not (Figure 6).
Partial thickness tears were present in 221 of 811 cases (27.3%).
The sensitivity for detecting partial thickness tears with MRI varied
from 54% to 81% (Figure 5). Only the study of Gyftopoulos et al.
[10] described the possibility to correctly rule out a partial tear
by MRI. The specificity in this study was 92% (0.88-0.95 95%CI).
Full thickness tears were present in 43 of 811 cases (5,3%). The
sensitivity for detecting full thickness tears with MRI varied from 93
to 100% (Figure 6). The study of Gyftopoulos et al. [10] described a
specificity of MRI to correctly rule out a full thickness tear of 100%
(0.98 - 1.00 95%CI).
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Figure 4: Studies evaluating sensitivity and specificity in detecting subscapularis tears by MRI compared to arthroscopic
findings as a gold standard in four studies (forest plot).
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Figure 5: Sensitivity of a partial tear of the subscapularis tendon by MRI compared to arthroscopic findings as a gold standard
L in four studies (forest plot). )
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Figure 6: Sensitivity of detecting a full thickness of the subscapularis tendon by MRI compared to arthroscopic findings as a
. gold standard in four studies (forest plot). )
Discussion All four studies included in this review showed that there is still

This review summarizes the evidence for the diagnostic
accuracy of MRI/MRA of detecting subscapularis tears in patients
undergoing rotator cuff surgery in the last five years. Among 811
patients there were 451 male and 360 female, they had a mean
age of 51.5 years (47.9 - 56.2). A good sensitivity for detecting full
thickness tears, but only a poor to moderate sensitivity in detecting
partial thickness tears of the subscapularis tendon was found.
Considering the retrospective character of the included studies
and the knowledge that these studies produce spectrum and
verification bias and tend to yield falsely inflated sensitives [25], the
effective sensitivity is likely to be even lower. Although all studies
were performed on modern high end MRI 1.5T and/or 3.0T scans,
these findings did not differ from previous reviews on this topic
[3,15,17]. The clinical consequences of these findings are not to
underestimate, as it seems to be necessary to repair subscapularis
tears 2 5mm (= 20%) [22].

Biomedical Journal of
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no consensus in how to diagnose and classify subscapularis tears
in MRI as well as in arthroscopy. Two studies [23,24] diagnosed
subscapularis tears in MRI based on seven, resp. four direct and
indirect signs. The cut off for defining a tear was 2 out of 7 (without
explanation), resp. 2 out of 4 based on a pilot study. For the
arthroscopy, one study used the classification by Lafosse et al. [26].
& Kim et al.[27], while the other study described the size of tear
in percentage. In one study [10] the radiologist and the surgeon
could both define between “no tear”, “partial thickness tear”, “full
thickness, complete tear” and “full thickness, incomplete tear”
but in the results no distinction was found between “complete”
and “incomplete” tear. The fourth study [22] made a difference
between “no tear”, “partial tear” and “full thickness tear” in MRI
and arthroscopy, but did not describe on what findings these
distinctions were made. Lack of consensus leads to a high level
of heterogeneity in the field of diagnostic test accuracy studies.
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This makes it impossible to make a direct comparison and a meta-
analysis.

The study of Gyftopoulos et al. [10] stood out because of a low
prevalence (10%) of subscapularis tears in patients who underwent
arthroscopy for rotator cuff injuries. By having a closer look, two
major problems were found. Patients who underwent MRA (n=32)
were excluded. Especially patients with suspected tears would have
additional MRA diagnostic, which might have had consequences on
the prevalence: for example 18.3% of the included patients in the
study of Adams et al. [24] also had a MRA. Secondly, retrospectively
tears of the inferior tendon were excluded and intratendinous tears,
as well as bursal-sided tears were documented as intact or normal
tendons. These restrictions might have reduced false positive
findings and improved specificity in this study.

Limitations of this Review

The purpose of this review was to conduct a quantitative result
for detecting partial- and full thickness tears of the subscapularis
tendon in patients scheduled for rotator cuff surgery. A search
strategy in only one database and a rigorous exclusion of literature
resulted in a mini-review of just 4 articles. In addition, due to the
retrospective character and a high level of heterogeneity in these
studies, it was impossible to pool data and makes a quantitative
statement.

Conclusion

Despite the technological improvements in the last five years
the sensitivity of detecting subscapularis tears in patients scheduled
for rotator cuff surgery remains challenging. Because the result of
rotator cuff surgery depends on the integrity of the subscapularis
tendon, surgeons need to be aware of possible subscapularis tears
although MRI/MRA scans may be negative. A consensus on how to
classify subscapularis tears in MRI/MRA and arthroscopy findings
might be helpful for diagnostic and would enable to perform more
qualitative (prospective) research.
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