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Quantitative MRI indicators and features 
for partial subscapularis tendon tears 
on conventional shoulder MRI
Qiqi Wang, Jie Zhao, Suying Zhou, Yuchan Lv, Xin Liu and Haitao Yang*   

Abstract 

Background: Diagnosing partial subscapularis (SSC) tendon tears still faces challenges. A failure rate of massive pos-
terosuperior rotator cuff tear repair will be highly increased when extending more than one-third of SSC tendon. This 
study aims to investigate the quantitative indicators and features of partial SSC tears on conventional shoulder MRI 
and improve the preoperative diagnostic accuracy.

Materials and methods: Four hundred and thirty-seven patients underwent MRI and arthroscopy were retrospec-
tively reviewed; 89 patients with partial SSC tears in case group and 50 patients with normal SSC in control group 
were included. Six MRI features with the explicit definition of some quantitative indicators were evaluated.

Results: Fissure sign showed the highest diagnostic efficiency for the partial SSC tears, with a specificity of 92%, 
sensitivity of 75.3%, and accuracy of 81.3%. Thinning of SSC, fluid collection under the coraco-glenoid arch (CGA), and 
combined SSP complete tear also showed high specificity of 86%, 80%, and 80%, respectively, while the sensitivity 
and accuracy were moderate, with a sensitivity of 38.2%, 50.6%, and 48.3%, respectively, an accuracy of 55.4%, 61.2%, 
and 59.7%, respectively. The specificity, sensitivity, and accuracy of lesser tuberosity cysts were all moderate with val-
ues of 68%, 56.2%, and 60%, respectively. However, fat accumulation under the CGA showed no significant difference 
between the partial SSC tears group and the control group.

Conclusion: Several specific MRI features with quantitative indicators defined in this study can be used to improve 
the accuracy of preoperative MRI diagnosis of partial SSC tears.
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Key points

• Quantitative MRI features may improve the accuracy 
of partial SSC tears.

• Fissure sign shows the highest specificity and accu-
racy for partial SSC tear.

• Thinning SSC, fluid under CGA, and SSP tears are 
also meaningful features.

Background
The subscapularis (SSC) is the largest and most power-
ful muscle of the rotator cuff [1], and its cross-sectional 
area is larger than the sum of the other three rotator cuff 
muscles [2]. It functions as the internal rotator of the 
shoulder and also plays the role of anterior stabilizer of 
the humeral head. The tendon of SSC has multiple dif-
ferent planes of insertion to the lesser tuberosity. Its 
special footprint anatomy makes it difficult to visualize 
during arthroscopy and some tears of the SSC tendon 
can be missed, especially the partial tears [3]. The inci-
dence of SSC tears ranges from 27% to 43% in arthros-
copy, and partial SSC tears was 19–50% in cadaveric and 
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arthroscopic studies [4–6]. The SSC tear combined with 
other rotator cuff tears is common, with a reported inci-
dence of 19–49%, and the isolated subscapularis tear is 
rare, with a prevalence of 4–6% [7–9]. Despite its critical 
role in the glenohumeral joint, the SSC tendon was long 
known as “the forgotten tendon”, of which partial tears 
were thought as the “hidden lesions” [10]. Diagnosing 
partial subscapularis (SSC) tendon tears still faces chal-
lenges. The belly-press test, the most sensitive physical 
examination test for an upper SSC tear, has only 27.8% 
sensitivity for identifying partial tears [11–14].

Magnetic resonance imaging (MRI) is currently the 
most effective and non-invasive tool for preoperative 
assessment of partial SSC tears, however, the diagnostic 
accuracy of MRI varies widely in previous studies [15]. 
A meta-analysis of analyzing the accuracy of MRI in 
detecting SSC tears concluded that MRI had a sensitiv-
ity of 0.74 for partial tears while with 45.4% inconsist-
ency, and specificity for partial tears was 0.88 while with 
84.8% inconsistency [16]. Some imaging findings have 
been investigated to better diagnose SSC lesions, such 
as leakage of contrast medium beneath the insertion of 
the SSC, fatty infiltration in the SSC, and abnormali-
ties of the long head of the biceps tendon [17]. However, 
each of these findings had low sensitivity for detecting 
tears [18]. Recently, several indirect signs including small 
defects, fluid collection in superior SSC recess (SSR), and 
fatty infiltration of the SSC were reported to display high 
sensitivity [18]. Magnetic resonance arthrography (MRA) 
has been suggested as an improved diagnostic accuracy 
method compared with conventional MRI in assess-
ing SSC tendon tears [19, 20]. However, the application 
of MRA in the evaluation of rotator cuff tears still exists 
controversial due to its invasive modality and poten-
tial complications. The accuracy of preoperative MRA 
in detecting SSC tendon tears is variable with an overall 
sensitivity of 31–75%, specificity of 78–100%, and accu-
racy of 76–89% in diagnosing SSC tendon tears [20–22]. 
Given the discrepancy of these results, the MRI charac-
teristics of partial SSC tears still need further exploration.

Thus, the objective of this study was to investigate the 
specific MRI features and quantitative indicators of par-
tial SSC tendon tears by reviewing a large number of par-
tial tear cases and conducting a case–control study based 
on different imaging manifestations on conventional 
shoulder MRI.

Materials and methods
Subjects
This study was approved by the Committee for Human 
Research of our institution.

We retrospectively reviewed the clinical records and 
MR images of 437 patients who received arthroscopic 

rotator cuff surgery between January 2019 and Febru-
ary 2022 in our institution (Zhao, with 2 years of clinical 
experience respectively). The inclusion criteria for the 
case group (partial tears group) were: (1) partial SSC tears 
diagnosed during shoulder arthroscopy (gold standard); 
(2) shoulder MRI performed in our institution within 
3 months prior to surgery. The exclusion criteria were: (1) 
Patients with a previous history of shoulder surgery; (2) 
shoulders with fractures, infections, tumors, autoimmune 
conditions, or other diseases influencing the SSC evalua-
tion on MRI; and (3) preoperative MR images with poor 
quality or insufficient sequences for visualizing the SSC.

For the control group (no-tear group), 50 age- and 
sex-matched cases with intact SSC tendon confirmed in 
arthroscopy at the same period were selected.

MRI protocol
All shoulder MRI examinations were performed on a 
1.5-T (Magnetom Essenza; Siemens Healthcare) or a 
3.0-T (Signa Excite, GE Healthcare) due to multiple MRI 
scanners in our institution. A dedicated shoulder coil was 
used with the patient’s arm placed in a neutral position.

The imaging protocol was as follows: intermediate-
weighted turbo/fast spin-echo oblique coronal, axial, 
and oblique sagittal planes as well as T1-weighted turbo/
fast spin-echo oblique coronal and sagittal planes. The 
sequences of MRI scanning included oblique coronal 
intermediate-weighted fat saturation (IM-WI/fs) (repeti-
tion time (TR)/echo time (TE), 2410/44 ms, the field of 
view (FOV) 17 ∗ 17 cm, slice thickness 3.5 mm), oblique 
sagittal and axial intermediate-weighted turbo inversion 
recovery magnitude (TR/TE, 2890–3630/33–37 ms, FOV 
18 ∗ 18 cm, slice thickness 4.0 mm), and oblique sagittal 
as well as oblique coronal T1-weighted turbo spin-echo 
(TR/TE, 284–346/12–13 ms, FOV 18 ∗ 18 cm, slice thick-
ness 4.0 mm).

Image analysis
All MR images were independently reviewed by two 
musculoskeletal radiologists (Wang and Zhou, with 2 and 
3  years of clinical experience, respectively). Six imaging 
features of MRI findings were subjectively evaluated as 
follows:

(1) Fissure sign. It was defined as a local fluid-filled gap 
in the footprint of SSC at the first three slices on 
oblique sagittal IM-WI/fs MRI which counted from 
the most lateral cortex of lesser tuberosity to the 
medial SSC footprint area referring to the axial MR 
image, according to the anatomy of the insertion of 
the SSC tendon into the lesser tuberosity [3, 17, 18], 
and must be seen on at least two continuous slices 
(Figs. 1 and 2). In addition, two subtypes of fissure 
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sign were subsequently divided as follows: type A 
(Fig. 1), the transverse fluid-filled gap in the inter-
face between cortex and tendon; type B (Fig.  2), 
the vertical fluid-filled gap into the tendon surface 
involving both sides of SSC [7, 22, 23].

(2) Thinning of the SSC tendon. We manually meas-
ured the diameter of the SSC tendon at its thinnest 
proximal point (A) and its thickest distal point (B) 
at the axial slice where the cross-sectional areas of 
the humeral head and SSC tendon were the largest 
on IM-WI/fs MRI. If the ratio of A and B was < 1/3, 
we considered it as thinning of the SSC tendon [14] 
(Fig. 3).

(3) The fluid collection in the subcoracoid area. This 
sign was measured and evaluated at the slices called 

“coraco-glenoid arch” (CGA) on oblique sagittal 
T1WI and IM-WI/fs MRI. It was defined as the one 
or two planes where the whole morphology of both 
the coracoid process and glenoid connected by the 
base of coracoid process can be seen [17, 18]. In this 
view, an arch line was drawn along the inferior mar-
gin of the coracoid and glenoid, and another refer-
ence line was made connecting the anterior inferior 
coracoid tip and the anterior edge of the triceps 
tendon insertion, and the maximum distance of the 
fluid under the CGA was measured (Fig. 4a).

(4) The fat accumulation in the subcoracoid area. The 
maximum distance of the fat accumulated under 
the CGA was measured and evaluated at the slices 
which were similar to define the fluid collection 

Fig. 1 Type-A of fissure sign. There is a transverse fluid-filled gap in the interface between cortex and tendon of SSC footprint at the first three slices 
on oblique sagittal IM-WI/fs MRI which counted from the most lateral cortex of lesser tuberosity to the medial SSC footprint area referring to the 
axial MR image, and must be found at least two continuous slices (white arrow)
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on oblique sagittal T1WI and IM-WI/fs MRI [24] 
(Fig. 4b).

(5) Lesser tuberosity cysts (LTC): The presence of 
LTC was determined as focal well-defined fluid-
like signal intensity lytic lesions within the lesser 
tuberosity on IM-WI/fs MRI [25], and it must be 
simultaneously displayed in at least two different 
cross-sections (Fig. 5).

(6) Combined supraspinatus tendon (SSP) complete 
tears: full-thickness tears of SSP were also evaluated 
on MRI and confirmed by arthroscopic records. On 
MRI, the discontinuity of the SSP tendon extended 
from the articular surface to the bursal surface with 
fluid-like signal intensity filled was considered a 
complete tear [19, 26].

All data, both from the case and control groups, were 
mixed, and then the mixed ID numbers were distributed 
to the radiologists for independent review. All evalua-
tions and measurements were repeated by one of the 
radiologists (Wang), and the interval between the first 
and second reading was 4 weeks.

Arthroscopy diagnosis
All shoulders underwent a primary arthroscopic rota-
tor cuff surgery by a group of standardized trained sen-
ior orthopedists in the joint section of the orthopedic 
department in our institution. Comprehensive diag-
nostic arthroscopy was performed through a standard 
posterior portal. Since a tear less than 10% of the foot-
print was regarded as a fraying tendon instead of a real 

Fig. 2 Type-B of fissure sign. There is a vertical fluid-filled gap into the tendon involving both sides surface of SSC at the continuous two slices on 
oblique sagittal IM-WI/fs MRI counted from the most lateral cortex of lesser tuberosity to the medial SSC footprint area referring to the axial MR 
image (white arrow)
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tendon tear [18], in the present study, a partial-thick-
ness SSC tear was defined when at least 4 mm of ten-
don detachment from the footprint was present. Based 
on previous anatomic studies, this 4 mm length equals 
approximately 20% of the superior SSC footprint width 
[3]. Meanwhile, if the footprint coverage was intact but 
there was a horizontal split lesion inside the tendon, it 

was also recorded as a partial-thickness tear. Accord-
ing to the intraoperative findings, the SSC tendon was 
classified as either normal, a partial-thickness tear, or 
a full-thickness tear. In addition to SSC, other rotator 
cuff tendons, the subacromial bursa, labrum lesions, 
and the long head of the biceps tendon were also evalu-
ated and recorded.

Fig. 3 Evaluation of thinning of SSC tendon on axial IM-WI/fs MRI. Manually measuring the diameter of the SSC tendon at its thinnest proximal 
point (a) and its thickest distal point (b), and the ratio of a and b is < 1/3 as the reference value of thinning of the SSC tendon

Fig. 4 Quantitative measurements of fluid collection and fat accumulation on IM-WI/fs (a) and T1-WI (b) oblique sagittal MRI at the “coraco-glenoid 
arch” (CGA) slice. Both the coracoid process and glenoid are well seen and connected by the base of coracoid process on this slice. An arch line can 
be drawn along the inferior margin of the coracoid and glenoid, another reference line is made connecting the anterior inferior coracoid tip and 
the leading edge of the insertion of the triceps tendon, and the maximum distance of the fluid or fat accumulated in the coraco-glenoid arch is 
separately measured
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Statistical analysis
Statistical analyses were performed using SPSS software 
(version 26.0; SPSS). To compare whether there was a 
difference between the case group and the control group 
and different scanners for each of the MRI features, t-test 
was used for continuous variables (e.g., fluid collection or 
fat accumulation in the coraco-glenoid arch), and receiv-
ing-operator characteristic (ROC) curve was calculated 
for determining the cutoff values, and Chi-square test 
was used for categorical variables (e.g., fissure sign, thin-
ning of SSC tendon, LTC, combined SSP complete tear).

Intraobserver reliability and interobserver agree-
ment were analyzed by intraclass correlation coefficient 
(ICC) for continuous variables and Cohen’s Kappa coef-
ficient (κ value) for categorical variables. In addition, 
95% confidence intervals (CI) were calculated. The level 
of significance was set at p < 0.05. Finally, the sensitiv-
ity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy of these features 
were calculated using arthroscopic findings as to the gold 
standard.

Results
Demographic characteristics
Of the 437 patients reviewed in our series, 110 (25%) 
individuals had partial SSC tears, and 21 patients were 
excluded from the study for the reasons stated in the 
flow chart (Fig.  6). Finally, 89 individuals with partial 
SSC tears were included (34 males, 55 females; age range, 
38–91  years; mean age, 61.5  years). The control group 
included 50 patients (12 males, 38 females, age range 

41–77  years, mean age of 58.8  years) with normal SSC 
observed in arthroscopy. The demographic character-
istics of all included patients are presented in Table  1. 
There were no significant differences in age, sex, and the 
affected shoulder between the no-tear group (control 
group) and partial tear group (case group) (p > 0.05).

Intra‑ and interobserver reliability of MRI features 
and quantitative indicators
The intrareader ICCs for the quantitative measurements 
ranged from 0.90 to 0.98, whereas the inter-reader ICCs 
ranged from 0.87 to 0.90. The intrareader k value for 
the categorical variables ranged from 0.82 to 0.84, and 
the inter-reader k value from 0.73 to 0.81, as shown in 
Table  2, indicating substantial to almost perfect intra- 
and inter-reader reliability.

Comparison between the partial tear group 
and the no‑tear group
Comparing the quantitative measurements of the 
fluid collection and fat accumulation under the CGA, 
there was a significant difference in the fluid collection 
between the two groups (p < 0.05). ROC curve analysis of 
the fluid collection showed good diagnostic efficacy for 
partial SSC tears with the area under the curve (AUC) of 
0.629 (95% CI 0.543–0.709; Youden’s index, 0.306; cutoff 
value, 3.55; sensitivity and specificity: 50.6% and 80%, 
respectively), while no significant difference in fat accu-
mulation under the CGA was found between the two 
groups (p = 0.68).

Fig. 5 Lesser tuberosity cysts (LTC) on oblique sagittal (a) and axial (b) IM-WI MRI show well-defined fluid-like cystic lesion within the lesser 
tuberosity (white arrow)



Page 7 of 11Wang et al. Insights into Imaging          (2022) 13:168  

Five MR imaging features including the fissure sign, 
thinning of SSC tendon, fluid collection under the CGA, 
LTC, and combined SSP complete tears were significantly 

different between the two groups and significantly associ-
ated with partial SSC tears (Table 3). Patients with a fis-
sure sign on MRI had the highest risk of partial SSC tears 

Patients received 

arthroscopic rotator cuff 

repair in our institution

(n=437)

An age- and 

sex-matched control 

group (n=50)

Patients identified with 

partial SSC tendon tear

(n=110)

Excluded (n=21)

-Incomplete preoperative MRI scan 

sequences (n=16)

-Poor MR image quality (n=5)

Total eligible patients with 

partial SSC tendon tear

(n=89)

Fig. 6 The patient flowchart of the study

Table 1 Comparison of patient demographic description between the case group and control group

n.s Non-significant

No‑tear (control group) Partial tear (case group) p value

No. of patients 50 89

Age [mean (range)] (years) 58.8 (range 41–77) 61.5 (range 38–91) n.s

Sex

  Man 12 34 n.s

  Woman 38 55

Affected shoulder

  Left 15 22 n.s

  Right 35 67

Table 2 Intraobserver reliability and interobserver agreement for the associated imaging features

Interpretation of ICC value and κ value: values < 0, no agreement; 0–0.20, slight agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, 
substantial agreement; and 0.81–1.00, almost perfect agreement

SSC Subscapularis, LTC Lesser tuberosity cysts, CGA  Coraco-glenoid arch, SSP Supraspinatus tendon

Continuous variable Intraobserver reliability, ICC (95% CI) Interobserver 
agreement, ICC (95% 
CI)

Fluid collection under the CGA 0.90 (0.82–0.94) 0.90 (0.82–0.94)

Fat accumulation under the CGA 0.98 (0.96–0.99) 0.87 (0.80–0.92)

Categorical variables Intraobserver reliability, k value (95% CI) Interobserver 
agreement, k value 
(95% CI)

Fissure sign 0.82 (0.65–0.99) 0.81 (0.64–0.99)

Thinning of SSC 0.82 (0.66–0.99) 0.73 (0.54–0.93)

LTC 0.84 (0.69–0.99) 0.80 (0.64–0.97)
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(OR 35.0, 95% CI 11.3–108.4, p < 0.001). The risk of partial 
SSC tears was also increased following other MRI signs, 
with odds ratios of 2.7–4.8 (95% CI 1.3–9.4, p < 0.01).

The fissure sign showed the highest diagnostic effi-
ciency among these features (sensitivity: 75.3%, speci-
ficity: 92%, PPV: 94.4%, NPV: 67.6%, accuracy: 81.3%, 
respectively). The specificities of the thinning of the SSC 
tendon, fluid collection under the CGA, and combined 
SSP complete tears were high (specificity: 86%, 80%, and 
80%, respectively), but the sensitivity and accuracy were 
moderate (sensitivity: 38.2%, 50.6%, and 48.3%; accu-
racy: 55.4%, 61.2%, and 59.7%, respectively). The speci-
ficity, sensitivity, and accuracy of lesser tuberosity cysts 
were all moderate (68%, 56.2%, and 60%, respectively) 
(Table 4).

Comparison of MRI features between the 1.5 T 
and the 3.0 T scanners
In the case group, there were 66 patients who performed 
MRI in the 1.5 T scanner, and 23 cases in the 3.0 T scan-
ner, respectively. No significant differences in all MRI 
features were found between the 1.5  T and the 3.0  T 
scanners (Table 5) (p > 0.05).

Discussion
In this study, we enrolled a large sample to explore spe-
cific imaging features of the partial SSC tears by compar-
ing the case group confirmed by arthroscopy with those 
of the normal group, verifying that several particular 
signs and quantitative indicators on conventional MRI 
can be used to improve the preoperative diagnostic effi-
cacy of partial SSC tears. Compared with the previously 
proposed predictors, we defined these semi-quantitative 
MRI signs with more detailed methods of observing and 
evaluating, aiming to make them more operable and 
repeatable.

Our study indicated that the “fissure sign” on oblique 
sagittal MRI was the most specific sign for diagnosing 
partial SSC tears with high sensitivity (92%) and accu-
racy (81.3%). In our data, the incidence of the fissure sign 

Table 3 Numbers of patients in the control group (no-tear 
group) and case group (partial tear group) based on MRI findings 
compared to the gold standard (arthroscopic findings)

Fluid collection under the CGA: maximum distance of fluid under the 
CGA > 3.55 mm recorded as (+), otherwise recorded as (−)

SSC Subscapularis, CGA  Coraco-glenoid arch, LTC Lesser tuberosity cysts, SSP 
Supraspinatus tendon

MRI findings Arthroscopy findings Odd ratio (95%) p value

No‑tear Partial‑tear

Fissure sign

(+) 4 67 35.0 (11.3–108.4) < 0.001

(−) 46 22

Thinning of SSC

(+) 7 34 3.8 (1.5–9.4) 0.003

(−) 43 55

Fluid collection under the CGA 

(+) 10 45 4.1 (1.8–9.2) < 0.001

(−) 40 44

LTC

(+) 16 50 2.7 (1.3–5.6) 0.006

(−) 34 39

Combined SSP complete tear

(+) 10 43 3.7 (1.7–8.4) 0.001

(−) 40 46

Table 4 Diagnostic performance of the associated imaging signs on MRI interpretations compared to arthroscopic findings (gold 
standard)

SSC Subscapularis, CGA  Coraco-glenoid arch, LTC Lesser tuberosity cysts, SSP Supraspinatus tendon, PPV Positive predictive value, NPV Negative predictive value

Fissure sign Thinning of SSC Fluid collection under the 
CGA 

LTC Combined SSP 
complete tear

Sensitivity 75.3 38.2 50.6 56.2 48.3

Specificity 92 86 80 68 80

PPV 94.4 82.9 81.8 75.8 81.1

NPV 67.6 43.9 47.6 46.6 46.5

Accuracy 81.3 55.4 61.2 60 59.7

Table 5 Results of the associated MRI features that were 
detected by the 1.5 T and 3.0 T scanners in case group (partial 
tear group)

Value representation: Frequency (percentage)

SSC Subscapularis, CGA  Coraco-glenoid arch, SSP Supraspinatus tendon

MRI features MRI scanners p value

1.5 T (n = 66) 3.0 T (n = 23)

Fissure sign (+) 50 (0.757) 17 (0.739) 0.860

Thinning of SSC (+) 26 (0.394) 8 (0.348) 0.695

Fluid collection under the 
CGA (+)

32 (0.485) 12 (0.522) 0.761

Lesser tuberosity cysts (+) 36 (0.545) 13 (0.565) 0.870

Combined SSP complete tear 
(+)

29 (0.439) 14 (0.609) 0.162
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was 75.3% (67/89). Small defects and fluid-like signal 
within the tendon have been reported as a high predictor 
of partial tears in previous studies [14, 17, 18, 22]. Our 
results supported this finding, furthermore, the detailed 
observation approach has been interpreted in this study 
to objectively evaluate this sign. Most of the partial SSC 
tears occur in facet 1 of the insertion of the SSC ten-
don into the lesser tuberosity [17], the width of facet 1 
is about 13.8 mm, and has a certain angle of inclination 
at the tendon insertion [3]. Therefore, we defined the 
first three slices on oblique sagittal MRI (slice thickness 
4.0 mm) counting from the lateral cortex of lesser tuber-
osity to the medial SSC footprint as the best observation 
planes, which were approximately equivalent to the width 
of facet 1 of SSC insertion, and the fluid-filled gap must 
be found on at least two continuous slices. In our clinical 
practice, the false-positive fissure sign is more common 
at the more medial slices to lesser tuberosity, because the 
tendon already departs the footprint area and joint effu-
sion is easy to flow into the interspace between tendon 
and humerus head. Subsequently, we continued to define 
two subtypes of fissure sign according to the orientation 
of fluid-filled gap, parallel or vertical to the short axis of 
SSC tendon at footprint corresponding with the tendon 
detachment and split tear of SSC, respectively [4, 7, 22, 
23].

We investigated the fluid collection under the CGA and 
proposed to establish quantitative measurement meth-
ods of them in the slices of the coraco-glenoid arch on 
oblique sagittal MRI. This area is equal to the part of the 
SSR which lies between the SSC muscle and the anterior 
surface of the scapula, extends above the superior mar-
gin of the SSC tendon, and communicates with the gle-
nohumeral joint, but not with the subcoracoid bursa [18, 
22, 23]. Given the adjacent relation between the SSR and 
the SSC tendon, partial SSC tears may result in effusions 
in the SSR due to reactive inflammation or as a result of 
impingement [27]. Our results showed the fluid collec-
tion had a high specificity of 80% and moderate sensitiv-
ity of 50.6%. Sugimori et al. [23] reported that SSR fluid 
had a sensitivity of 100% but a specificity of only 62.5% 
regarding the incomplete SCC tear detection. We think 
that our suggested quantification method and the cutoff 
value (> 3.55 mm) of the effusion may improve its speci-
ficity compared to previous studies.

However, no significant difference in quantitative 
measurement of fat accumulation under the CGA was 
found between the case group and the control group in 
our study. Previous studies have shown that muscle atro-
phy and fatty degeneration can be observed after rotator 
cuff tendon tears [24]. These are likely the consequence 
of decreased mechanical load and denervation changes, 
which results in the proliferation of adipocytes, and 

ultimately leads to fat accumulation [26]. Several studies 
evaluated the SSC atrophy or fatty degeneration in SSC 
lesions [17, 18, 23, 28, 29]. However, SSC atrophy is often 
seen in a full-thickness tear which frequently represents 
a significant longstanding of SSC tears. Animal models 
of SSC tears also showed that complete SSC tenotomy 
resulted in significant atrophy at 6  weeks, while the 
changes were not seen in partial SSC tenotomy models 
[18]. This supported our result that fat accumulation was 
of no special value to partial SSC tendon tears.

Based on our observations, thinning of the SSC tendon 
and combined SSP complete tears also showed a good 
predicting ability of partial SSC tears (specificity: 86% 
and 80%; accuracy: 55.4% and 59.7%, respectively). Ten-
don thinning may be due to a reduction of intratendon 
fibers or a localized defect of the tendon parenchyma 
[10]. Similar to muscle contraction and tendon lengthen-
ing caused by the partial tear of the SSP tendon [30, 31], 
this may also be the cause of tendon thinning in partial 
SSC tears. The isolated SSC tears are relatively uncom-
mon. Most SSC tears occur in combination with tears of 
at least the anterior portion of the SSP [32–34]. Fibers 
from the SSC and SSP interlock and converge together 
as they course around and above the humeral head to 
their respective insertion sites [35], this anatomical struc-
ture makes SSC tendon tears usually combined with SSP 
lesions. Some studies have reported that there is a signifi-
cant association between SSP full-thickness tear and the 
presence of SSC abnormality [28, 29], which was consist-
ent with our findings.

The incidence of lesser tuberosity cysts in the par-
tial SSC tears group was 48.3% (43/89) while only 20% 
(10/50) in the control group in our investigation. And 
this sign showed only moderate sensitivity (56.2%) and 
specificity (68%) for partial SSC tears. The relationship 
between LTC and SSC tears has been reported in several 
studies [17, 25, 36, 37]. Lee at el. found the lesser tuber-
osity bone marrow edema and cysts had a sensitivity of 
97.8% and specificity of 17.9% in partial SSC tears [17]. 
As a potential reason for cyst formation, the intact SSC 
tendon can prevent the lesser tuberosity to contact with 
synovial fluid after microavulsions, therefore minimiz-
ing the fluid-filled cavity anterior to the lesser tuberosity 
and covering the footprint of the SSC tendon which stays 
no longer isolated from the synovial fluid after a tear 
[38]. Chronic impingement of the lesser tuberosity or 
fluid intrusion through cortical micro-trauma or necro-
sis may substantially contribute to the formation of the 
cysts with SSC tears [25, 36]. However, lesser tuberosity 
cysts are very common in clinical practice. Needell et al. 
[39] reported that humeral head cysts could also be seen 
in asymptomatic patients. In addition to be caused by 
tendon tears, cysts can also develop in other conditions 
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secondary to elevated intra-articular pressure and degen-
erative changes associated with aging [25].

Finally, all of the MRI features in this study presented a 
relatively moderate and low sensitivity. We think it may 
be related to the following reasons: First, to improve 
the identification and repeatability of these subjective 
MR features, we gave them relatively clear and rigorous 
definitions and added some conditional restrictions, so 
that the positive detection rate of these signs in the case 
group may be lower than the actual occurrence. Second, 
although the positive rate of these signs was not very high 
in the case group, their occurrence was also significantly 
lower in the normal group, potentially making these signs 
highly specific in identifying the partial tear and non-par-
tial tear groups.

There are some limitations in this study. First, this is a 
retrospective study. We only diagnosed the partial SSC 
tear by referring to arthroscopic records, without accu-
rately matching the MRI features with the intraoperative 
findings. Second, we did not evaluate the grading and 
subsection of partial SSC tears due to the limited infor-
mation of arthroscopic records, and this may potentially 
decrease the accuracy of these features in certain areas 
of partial SSC tears. Third, all shoulder arthroscopic sur-
geries were not performed by one single surgeon, which 
might result in bias of intraoperative diagnosis. But in 
our single-center, all the orthopedists were accepted by a 
standardized course and training, and all the procedures 
were maintained with the same approach and patient 
position. Future work is needed to make a prospective 
control study by comparing preoperative conventional 
MRI features to arthroscopic findings and develop new 
imaging techniques such as 3D high-resolution MRI or 
dynamic MRI sequences in different positions to explore 
more specific quantification methods for partial tears.

In conclusion, this study identified several specific MRI 
signs, such as fissure sign, thinning of SSC tendon, and 
fluid collection under the CGA, with the explicit defini-
tion of some quantitative indicators to improve the accu-
racy of preoperative diagnosis of partial SSC tears on 
conventional MRI alone.

Abbreviations
CGA : Coraco-glenoid arch; ICC: Intraclass correlation coefficient; IM-WI/
fs: Intermediate-weighted fat saturation; LTC: Lesser tuberosity cysts; MRI: 
Magnetic resonance imaging; NPV: Negative predictive value; PPV: Positive 
predictive value; ROC: Receiving-operator characteristic; SSC: Subscapularis 
tendon; SSP: Supraspinutus tendon; SSR: Superior subscapularis recess.

Acknowledgements
We thank the orthopedists and staffs of the medical record department in our 
hospital for their support in clinical diagnosis to be used in this research.

Author contributions
HY contributed to conceptualization and writing-review and editing. JZ 
contributed to the data collection; QW, SZ, and HY contributed significantly to 

imaging analysis; QW performed the data analyses and manuscript writing; YL 
and XL helped perform the analysis with constructive discussions. All authors 
read and approved the final manuscript.

Funding
This study was supported by the Chongqing medical scientific research pro-
ject (Joint project of Chongqing Health Commission and Science and Technol-
ogy Bureau) (Grant No.: 2020MSXM034).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 23 May 2022   Accepted: 24 September 2022

References
 1. Lyons RP, Green A (2005) Subscapularis tendon tears. J Am Acad Orthop 

Surg 13:353–363
 2. Keating JF, Waterworth P, Shaw-Dunn J, Crossan J (1993) The relative 

strengths of the rotator cuff muscles. A cadaver study. J Bone Jt Surg Br 
75:137–140

 3. Yoo JC, Rhee YG, Shin SJ et al. (2015) Subscapularis tendon tear clas-
sification based on 3-dimensional anatomic footprint: a cadaveric and 
prospective clinical observational study. Arthroscopy 31:19–28

 4. Arai R, Sugaya H, Mochizuki T, Nimura A, Moriishi J, Akita K (2008) Sub-
scapularis tendon tear: an anatomic and clinical investigation. Arthros-
copy 24:997–1004

 5. Kim TK, Rauh PB, McFarland EG (2003) Partial tears of the subscapularis 
tendon found during arthroscopic procedures on the shoulder: a statisti-
cal analysis of sixty cases. Am J Sports Med 31:744–750

 6. Sakurai G, Ozaki J, Tomita Y, Kondo T, Tamai S (1998) Incomplete tears 
of the subscapularis tendon associated with tears of the supraspinatus 
tendon: cadaveric and clinical studies. J Shoulder Elbow Surg 75:510–515

 7. Martetschläger F, Zampeli F, Tauber M, Habermeyer P, Leibe M (2021) A 
classification for partial subscapularis tendon tears. Knee Surg Sports 
Traumatol Arthrosc 29:275–283

 8. Bennett WF (2003) Arthroscopic repair of isolated subscapularis tears:a 
prospective cohort with 2- to 4-year follow-up. Arthroscopy 19:131–143

 9. Yoon JS, Kim SJ, Choi YR, Kim SH, Chun YM (2019) Arthroscopic repair of 
the isolated subscapularis full-thickness tear: single- versus double-row 
suture-bridge technique. Am J Sports Med 47:1427–1433

 10. Lee J, Shukla DR, Sanchez-Sotelo J (2018) Subscapularis tears: hidden and 
forgotten no more. JSES Open Access 21:74–83

 11. Yoon JP, Chung SW, Kim SH, Oh JH (2013) Diagnostic value of four clinical 
tests for the evaluation of subscapularis integrity. J Shoulder Elbow Surg 
22:1186–1192

 12. Gerber C, Hersche O, Farron A (1996) Isolated rupture of the subscapularis 
tendon. J Bone Jt Surg Am 78:1015–1023

 13. Tokish JM, Decker MJ, Ellis HB, Torry MR, Hawkins RJ (2003) The belly-press 
test for the physical examination of the subscapularis muscle: electromy-
ographic validation and comparison to the lift-off test. J Shoulder Elbow 
Surg 12:427–430

 14. Gyftopoulos S, O’Donnell J, Shah NP, Goss J, Babb J, Recht MP (2013) 
Correlation of MRI with arthroscopy for the evaluation of the subscapu-
laris tendon: a musculoskeletal division’s experience. Skeletal Radiol 
42:1269–1275



Page 11 of 11Wang et al. Insights into Imaging          (2022) 13:168  

 15. Malavolta EA, Assunção JH, Gracitelli MEC, Yen TK, Bordalo-Rodrigues M, 
Ferreira Neto AA (2019) Accuracy of magnetic resonance imaging (MRI) 
for subscapularis tear: a systematic review and meta-analysis of diagnos-
tic studies. Arch Orthop Trauma Surg 139:659–667

 16. Pfirrmann CW, Zanetti M, Weishaupt D, Gerber C, Hodler J (1999) 
Subscapularis tendon tears: detection and grading at MR arthrography. 
Radiology 213:709–714

 17. Lee JH, Rhyou IH, Ahn KB (2021) Prediction of the anterior shoulder pain 
source by detecting indirect signs for partial articular subscapularis 
tendon tears through conventional magnetic resonance imaging. Knee 
Surg Sports Traumatol Arthrosc 29:2297–2304

 18. Lin L, Yan H, Xiao J et al. (2016) The diagnostic value of magnetic reso-
nance imaging for different types of subscapularis lesions. Knee Surg 
Sports Traumatol Arthrosc 24:2252–2258

 19. McGarvey C, Harb Z, Smith C, Houghton R, Corbett S, Ajuied A (2016) 
Diagnosis of rotator cuff tears using 3-Tesla MRI versus 3-Tesla MRA: a 
systematic review and meta-analysis. Skeletal Radiol 45:251–261

 20. Lee H, Ahn JM, Kang Y et al. (2018) Evaluation of the subscapularis tendon 
tears on 3T magnetic resonance arthrography: comparison of diagnostic 
performance of T1-weighted spectral presaturation with inversion-
recovery and T2-weighted turbo spin-echo sequences. Korean J Radiol 
19:320–327

 21. Khil EK, Choi JA, Lee E, Oh JH (2021) Subscapularis (SSC) tendon tears: 
diagnostic performance and reliability of magnetic resonance arthrog-
raphy (MRA) with arthroscopic correlation and comparison with clinical 
tests. Skeletal Radiol 50:1647–1655

 22. Foad A, Wijdicks CA (2012) The accuracy of magnetic resonance imaging 
and magnetic resonance arthrogram versus arthroscopy in the diagnosis 
of subscapularis tendon injury. Arthroscopy 285:636–641

 23. Sugimori K, Gejo R, Nogami M, Mine H, Kimura T (2022) Evaluation of 
complete and incomplete subscapularis tendon tear on preoperative 
magnetic resonance imaging. J Orthop Sci 27:614–620

 24. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C (1999) Fatty degen-
eration of the muscles of the rotator cuff: assessment by computed 
tomography versus magnetic resonance imaging. J Shoulder Elbow Surg 
8:599–605

 25. Studler U, Pfirrmann CW, Jost B, Rousson V, Hodler J, Zanetti M (2008) 
Abnormalities of the lesser tuberosity on radiography and MRI: 
association with subscapularis tendon lesions. AJR Am J Roentgenol 
191:100–106

 26. McCrum E (2020) MR imaging of the rotator cuff. Magn Reson Imaging 
Clin N Am 282:165–179

 27. Tung GA, Yoo DC, Levine SM, Brody JM, Green A (2001) Subscapularis ten-
don tear: primary and associated signs on MRI. J Comput Assist Tomogr 
25:417–424

 28. Malavolta EA, Assuncao JH, Guglielmetti CL et al. (2016) Accuracy of 
preoperative MRI in the diagnosis of subscapularis tears. Arch Orthop 
Trauma Surg 136:1425–1430

 29. Melis B, Nemoz C, Walch G (2009) Muscle fatty infiltration in rotator cuff 
tears: descriptive analysis of 1688 cases. Orthop Traumatol Surg Res 
95:319–324

 30. Farshad-Amacker NA, Buck FM, Farshad M, Pfirrmann CW, Gerber C (2015) 
Partial supraspinatus tears are associated with tendon lengthening. Knee 
Surg Sports Traumatol Arthrosc 23:408–414

 31. Gerber C, Zubler V, Hodler J, Catanzaro S, Jost B, Fucentese SF (2011) 
Dynamic imaging and function of partial supraspinatus tendon tears. 
Arthroscopy 27:1180–1186

 32. Burkhart SS, Brady PC (2006) Arthroscopic subscapularis repair: surgical 
tips and pearls A to Z. Arthroscopy 22:1014–1027

 33. Burkhart SS, Tehrany AM (2002) Arthroscopic subscapularis tendon repair: 
technique and preliminary results. Arthroscopy 18:454–463

 34. Mansat P, Frankle MA, Cofield RH (2003) Tears in the subscapularis 
tendon: descriptive analysis and results of surgical repair. Jt Bone Spine 
70:342–347

 35. Thompson WO, Debski RE, Boardman ND 3rd et al. (1996) A biomechani-
cal analysis of rotator cuff deficiency in a cadaveric model. Am J Sports 
Med 24:286–292

 36. Wissman RD, Kapur S, Akers J, Crimmins J, Ying J, Laor T (2009) Cysts 
within and adjacent to the lesser tuberosity and their association with 
rotator cuff abnormalities. AJR Am J Roentgenol 193:1603–1606

 37. Adams CR, Brady PC, Koo SS et al. (2012) A systematic approach for 
diagnosing subscapularis tendon tears with preoperative magnetic 
resonance imaging scans. Arthroscopy 28:1592–1600

 38. Cetinkaya M, Öner AY, Ataoglu MB, Ozer M, Ayanoglu T, Kanatli U (2017) 
Lesser tuberosity cysts and their relationship with subscapularis tears and 
subcoracoid impingement. J Orthop Sci 22:63–68

 39. Needell SD, Zlatkin MB, Sher JS, Murphy BJ, Uribe JW (1996) MR imaging 
of the rotator cuff: peritendinous and bone abnormalities in an asympto-
matic population. AJR Am J Roentgenol 166:863–867

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Quantitative MRI indicators and features for partial subscapularis tendon tears on conventional shoulder MRI
	Abstract 
	Background: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Key points
	Background
	Materials and methods
	Subjects
	MRI protocol
	Image analysis
	Arthroscopy diagnosis
	Statistical analysis

	Results
	Demographic characteristics
	Intra- and interobserver reliability of MRI features and quantitative indicators
	Comparison between the partial tear group and the no-tear group
	Comparison of MRI features between the 1.5 T and the 3.0 T scanners

	Discussion
	Acknowledgements
	References


