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a b s t r a c t
Background: The prevalence of subscapularis (SSC) tendon tears is often underestimated. This negatively
impacts the shoulder function because the SSC muscle is a powerful internal rotator. The primary aim
of this study was to compare a blended clinical and radiological preoperative index of suspicion for SSC
tears to the arthroscopic ﬁndings. The secondary aim was to compare the surgeon’s and radiologist’s
index of suspicion to determine which is more accurate.
Hypothesis: Analyzing a transverse image passing under the tip of the coracoid process, in combination
with clinical examination, will be the standard for detecting SSC tears.
Methods: This prospective study enrolled 50 consecutive patients who underwent shoulder arthroscopy.
Preoperatively, four clinical tests were doneto detect SSC tears: lift-off, internal rotation lag sign, bearhug, belly-press. A CT arthrography slice passing under the coracoid process tip was analyzed by the
surgeon. The surgeon deduced a radiological index of suspicion for SSC tears then a blended clinical
and radiological index of suspicion based on the clinical examination. Lastly, the surgeon looked at the
radiologist’s ﬁndings and index of suspicion for a lesion. The three indexes of suspicion were compared
with the actual arthroscopy ﬁndings.
Results: The surgeon’s blended clinical and radiological index of suspicion was similar to his radiological
index. Both of the surgeon’s indexes of suspicion were higher than the radiologist’s. The prevalence of
SSC tears was 58 %.
Discussion: We recommend doing multiple clinical tests as they complement each other in detecting SSC
tears, since each one activates a different portion of the muscle. We advise surgeons to supplement their
clinical examination by analyzing a speciﬁc image of the tendon below the coracoid, as the reference
view for the starting point of SSC tears.
Level of evidence: IV, prospective diagnostic study on consecutive patients.
© 2020 Elsevier Masson SAS. All rights reserved.

1. Introduction
Subscapularis (SSC) tendon tears are known to be difﬁcult to
diagnose. Nevertheless, it is critical to repair them to maintain the
anteroposterior tendon balance in the shoulder. Up to 24% of SSC
tears [1] are only diagnosed at the time of surgery. Thus, it is important to ﬁnd a simple and reproducible method to optimize their
preoperative diagnosis.
Several clinical tests have been described for detecting SSC tears:
the lift-off test [2], the belly-press test [3], the lag sign to increase
the sensitivity of the lift-off test [4], the belly-off sign for partial
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lesions of the superior portion [5], the Napoleon sign for the extent
of a SSC tear [6], and the bear-hug test for the superior portion [7].
All these tests complement each other when looking for a tear and
estimating its extent [8].
While CT arthrography is recommended for detecting SSC tears
when the surgeon has even the slightest clinical suspicion [9], this
imaging modality does not allow every tear to be diagnosed [10].
MRI does not appear to be reliable enough when less than 50% of the
tendon is torn [11]. MR arthrography (1.5 T) is not better than CT
arthrography for detecting rotator cuff tears [12] and ultrasonography is not very reliable for detecting small SSC tears [13].
To optimize the preoperative diagnosis of SSC tears, our working hypothesis is that a blended clinical and radiological index of
suspicion combining four clinical tests and analysis of a speciﬁc
CT arthrography slice would improve SSC tear detection. More precisely, the ﬁrst transverse slice under the tip of the coracoid process
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Fig. 1. Flow chart for patient inclusion over study period.

Fig. 2. Transverse CT arthrography slice showing the last millimeters of the coracoid process and absence of subscapularis tear (right shoulder). *Speciﬁc slice on upper edge
of tendon.

corresponds to the upper edge of the SSC tendon, generally the
starting point for tears [9].
The primary aim of this study was to compare a blended clinical
and radiological preoperative index of suspicion for SSC tears to
the arthroscopic ﬁndings. The secondary aim was to compare the
surgeon’s and radiologist’s index of suspicion to determine which
is more accurate preoperatively.

2. Patients and methods
2.1. Patients
This prospective study was conducted over a 6-month period.
It involved consecutive adult patients who were operated by two
surgeons for shoulder arthroscopy. All patients provided their
informed consent to participate in this study and for use of their
de-identiﬁed health data. The study was approved by our institutional review board. The inclusion and exclusion criteria are listed
in Fig. 1.

2.2. Methods
2.2.1. Clinical tests
The surgeon did four clinical screening tests for SSC tears on
each patient – lift-off test, internal rotation lag sign, bear-hug test,
and belly-press test – as described in the original articles [1–4,7].
The clinical index of suspicion for an SSC tear was positive if loss of
strength was found during one or more of these tests.

2.2.2. Radiological analysis
A CT arthrography, done within 6 months of the arthroscopy,
was analyzed by the surgeon before looking at the radiology report.
The reference view for detecting SSC tears was the ﬁrst transverse slice passing under the distal tip of the coracoid process. The
SSC tendon is examined on this speciﬁc slice (Fig. 2), then distally
over its entire height. Classically, the SSC tears start proximally
and extend distally [9]. Detachment of the deep layer is visible by
interposition of contrast agent between the tendon and the lesser
tuberosity. Fig. 3 is an example of a CT arthrography view showing
a tear in the opinion of the surgeon, but not the radiologist. SSC
muscle atrophy was also evaluated.
2.2.3. Surgical phase
The surgery consisted of shoulder arthroscopy. Patients were
operated in a beach-chair position under general anesthesia with an
interscalene block, with or without limb traction. The 30◦ scope was
inserted through the posterior portal to evaluate the deep aspect
of the SSC tendon, looking for even the smallest of tears, which can
be seen by manually applying posterior translation on the humeral
head (Fig. 4). The tears found were classiﬁed according to the “New
Endoscopic Classiﬁcation for Subscapularis Lesions” published by
the Francophone Society of Arthroscopy (SFA) [14]. Whether a tear
was present or absent and its extent was recorded.
2.3. Assessment methods
The surgeon recorded his preoperative analysis of the CT image
by specifying the estimated extent of the tear. This is the surgeon’s
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Fig. 3. Suspicion of a subscapularis tear, with partial detachment from lesser tuberosity (right shoulder).

Table 1
Demographics of the operated patients.

Fig. 4. Arthroscopic conﬁrmation of type II lesion in SFA classiﬁcation [14] corresponding to the tear suspected in the CT arthrography image shown in Fig. 3; the
tear was revealed by translating the humeral head posteriorly.

radiological index of suspicion. After adding the results of the clinical tests, the surgeon obtained a blended clinical and radiological
index of suspicion. The ﬁndings about the SSC in the radiology
report were taken as the radiologist’s index of suspicion. These
three preoperative indexes of suspicion were then compared to the
actual intraoperative arthroscopy ﬁndings.

Variable

Data, n (min; max)

Sex (men/women)
Side (right/left)
Age (years)
Rotator cuff lesion
Subacromial impingement

34/16
28/22
54.1 (26; 72)
39
11

Fig. 5. Distribution of the subscapularis tendon lesions using SFA classiﬁcation [14].

Cohen’s kappa was used to determine the inter-observer agreement between the surgeon and radiologist based on the radiological
analysis only.
3. Results
3.1. Study population
Fifty patients were included. Their demographics are listed in
Table 1.

2.4. Statistical analysis
3.2. Classiﬁcation of SSC tears
The study variables were the surgeon’s radiological index of
suspicion, the surgeon’s blended clinical and radiological index of
suspicion and the radiologist’s radiological index of suspicion. The
response variable was the presence of a tear on arthroscopy.
The sensitivity, speciﬁcity, positive predictive value (PPV), negative predictive value (NPV), accuracy, positive likelihood ratio
(LR + ) and negative likelihood ratio (LR-), and the odds ratio for
each study variable were calculated using three 2 × 2 contingency
tables.
A Fisher’s exact test was done on the contingency tables with a
type I error ␣ = 5%. The relationship between a positive study variable and the actual arthroscopy ﬁndings was considered signiﬁcant
when the p-value for Fisher test was less than 0.05.

We found 29 SSC tears in the 50 patients that ﬁt into one of the
four types (Fig. 5) deﬁned by the SFA [14] (Table 2).
3.3. Index of suspicion
The comparison of the three indexes of suspicion to the presence
of a tear on arthroscopy is shown in Table 3. All the Fisher exact tests
were statistically signiﬁcant, thus there was a relationship between
each study variable and the arthroscopic ﬁndings. The surgeon’s
blended clinical and radiological index of suspicion was the most
sensitive and speciﬁc, while the radiologist’s index of suspicion
was the least sensitive. The PPV and NPV were the highest for the
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Table 2
Arthroscopic classiﬁcation for subscapularis tears developed by the SFA [14].
Injury type

Abnormality found

I

Partial separation of ﬁbers from lesser tuberosity with a
normal bicipital sling
Partial separation of ﬁbers from lesser tuberosity combined
with partial injury to the anterior wall of the bicipital sling
Complete separation of ﬁbers from lesser tuberosity with
extensive cleavage of the bicipital sling
Complete separation from humerus due to full thickness
tear, leaving lateral edge free

II
III
IV

surgeon’s blended index of suspicion. It was also the most accurate
and reliable based on the LR+ and odds ratio. This index of suspicion was higher than the two others. The inter-observer agreement
between the surgeon and radiologist was moderate (K = 0.57).
4. Discussion
The SSC muscle is a powerful shoulder internal rotator. It plays
an important role in the anterior dynamic stability of the glenohumeral joint and the balance of the force couples around the
shoulder [15]. A cadaver study has shown that the SSC itself participates in 53% of the total rotator cuff moments and that it tends to
pull the humeral head anteriorly, while the three other rotator cuff
muscles are external rotators and tend to pull the head posteriorly
[16]. Historically, the SCC received little attention [17] because SSC
tears were underestimated and considered rare, said to make up
only 3.5% of rotator cuff tears [18]. But we now know the importance of detecting and repairing SSC tears to improve the functional
outcomes [17]. Ignoring a SSC tear could result in only the posterior
tendons being repaired, which results in an incomplete repair of the
rotator cuff, force imbalance and leads to poor functional outcomes
[15].
The exact cause of SSC tendon tears is not fully understood. Lo
and Burkhart [19] contend that a roller-wringer effect is at the origin of the tear: the impingement arises from subcoracoid stenosis
and impingement. These increase the tensile forces on the articular
surface of the tendon and its insertional ﬁbers, which can contribute
to weakening and eventually rupture. No matter the injury mechanism, SSC tears must be diagnosed before they can be repaired. And
yet, 24% of these tears are only diagnosed during arthroscopy [1].
SSC tears are usually diagnosed based on an imaging assessment
interpreted by radiologists. A large study [13] showed that ultrasound imaging had a low sensitivity (27%) for type 1 and 2 SSC tears
in the Lafosse classiﬁcation [20]. Consequently, ultrasonography
is not recommended for small SSC tears. According to Bernageau
and Goutallier [9], CT arthrography is recommended when there
is even a minimal clinical suspicion of SSC tear. It must be done
in neutral arm rotation to avoid masking a tear [9]: internal rotation brings the lesser tuberosity closer to the glenohumeral joint

and interferes with the interpretation of the SSC’s condition. External rotation must be avoided because it ﬂattens the tendon against
the lesser tuberosity and may mask its detachment by pushing out
the contrast agent. In the radiology literature, one study recommends analyzing both parasagittal and transverse slices to improve
the speciﬁcity of detecting SSC tears on MR arthrography [21]. If
one wants to use contrast agent, it must be injected into the rotator interval, not by an inferomedial approach, to avoid injecting it
into the tendon itself and in the capsulolabral complex [22]. A few
articles in the orthopedics literature describe how to optimize the
interpretation of imaging views when they are analyzed by surgeons [23]. The latter need a reliable and reproducible method to
interpret images by themselves and compare them to clinical ﬁndings. This need, which is the reason for our study, is expressed by
the authors who propose a systematic approach to detecting SSC
tears on MRI [23], but also on plain radiographs and CT slices by
calculating angles that help predict SSC tears [24]. Similarly, we
propose a systematic approach that supports our hypothesis: based
on a reference slice under the tip of the coracoid on CT arthrography, the preoperative diagnosis better matches the actual ﬁndings,
especially when it is reinforced by various clinical tests. In fact, each
clinical test activates a different part of the SSC muscle according
to an electromyographic study [25].
We also showed that the surgeon’s indexes of suspicion (radiological and blended) were superior to the radiologist’s. The
agreement was moderate between the surgeon and radiologist in
the radiological analysis. By analyzing speciﬁcally the SSC on the
reference CT arthrography slice, the sensitivity of the surgeon’s
radiological index of suspicion in our study was 89%, while other
teams have reported an overall sensitivity for MRI of 25% to 37%
[15,26], concluding that SSC tears are more common that we think.
These results are similar to those of a 286-patient study that found
MRI sensitivity of 30% and ultrasonography sensitivity of only 13%
[27]. But these deviate from other studies reporting sensitivity of
78% with 1.5 T MRI [28] and overall sensitivity of MRI of 68% in a
meta-analysis [29].
Our study has a few limitations. First, the sample size was limited. Second, we used CT arthrography not MRI to detect SSC tears in
the reference image. In our experience, CT arthrography is superior
to MRI without injection and avoids the false positives of nonruptured rotator cuff lesions. Only 1.5T MRI gives equal results to CT
arthrography, but the former is more expensive and less available
[12]. Next, the prevalence of these lesions varies in the literature
from 30% [30] to 53% [28], while Barth et al. [7] found 29% SSC tears,
all arthroscopy procedures pooled and 58% when only rotator cuff
tears are included. We found a 58% incidence of SSC tears in our
study using arthroscopy, all types of lesions pooled. We excluded
patients who were undergoing arthroscopy for shoulder instability;
this selection bias may in part explain the higher tear prevalence
in our study. Another limitation is that the intra-observer or interobserver agreement between the two surgeons was not calculated.

Table 3
Results of index of suspicion for detecting subscapularis tears.

Sensitivity
Speciﬁcity
PPV
NPV
Accuracy
LR+
LR−
Odds ratio
P-value

Surgeon’s radiological index

Surgeon’s blended
clinical-radiological index

Radiologist’s radiological index

89% [72–97]
90% [69–98]
92%
86%
90%
9.4
0.1
82.3 [14.6-462.1]
< 0.0001

89% [72–97]
95% [75–100]
96%
87%
92%
18.8
0.1
173.3 [23.5-1277.8]
< 0.0001

62% [43–77]
95% [75–100]
94%
64%
76%
13
0.3
32.7 [5.3-200.7]
< 0.0001

95% conﬁdence intervals for sensitivity, speciﬁcity, odds ratio, PPV: Positive predictive value, NPV: Negative predictive value, LR+: positive likelihood ratio, LR−: negative
likelihood ratio.
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Lastly, there is a bias related to different radiologists having different levels of experience with analyzing rotator cuff lesions on CT
arthrography.
5. Conclusion
Our study shows that the ﬁrst CT arthrography slice under the
coracoid, combined with clinical tests, improves the analysis of
the SSC insertion on the humeral head. It would be interesting
to compare the accuracy of radiological screening for SSC tears
using CT arthrography versus 3T MRI without contrast (which is
non-invasive and non-irradiating) when using the same reference
image.
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