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Abstract
Background: Subscapularis (SSC) tendon tears can cause pain and restricted motion of the shoulder, but
accurate diagnosis of this lesion on magnetic resonance imaging (MRI)  is challenging, especially in
small and partial tears. There are no studies that have established a method to reliably assess the risk of
subscapularis tendon tears.

Methods: Data on 460 patients who received shoulder arthroscopic surgery with preoperative shoulder
MRI were collected retrospectively. Of these, patients with SSC tendon tears were de�ned as the SSC tear
group, and patients with intact subscapularis tendon were enrolled in the non-SSC tear group. Logistic
regression analysis was used to identify the risk factors of SSC tendon tears which were then
incorporated into the nomogram.

Results: Among 22 candidate factors, �ve independent factors including coracohumeral distance CHD
(oblique sagittal) (OR, 0.75; 95%CI, [0.67-0.84]), �uid accumulation (Y-face) (OR, 2.29; 95%CI, [1.20-4.38]),
long head of biceps tendon (LHB) dislocation/subluxation (OR, 3.62; 95%CI, [1.96-6.68]), number of
posterosuperior (PS) rotator cuff tears (OR, 5.36; 95%CI, [3.12-9.22]), and MRI diagnosis (OR, 1.88; 95%CI,
[1.06-3.32]) were identi�ed as key predictors associated with subscapularis tendon tears. Incorporating
these predictors, the nomogram achieved a good C index with a good agreement on the risk estimation of
calibration plots. Higher total points of the nomogram were associated with a greater risk of
subscapularis tendon tears.

Conclusion:

The diagnostic accuracy of conventional 3.0-T MRI for SSC tendon tears was insu�cient. Our study
revealed critical predictors associated with subscapularis tendon tears. When evaluating the severity of
subscapularis tendon injury, more attention should be paid to these tear-related factors. We developed
and validated s satisfactory prediction model to improve the diagnostic performance of MRI which was
convenient for clinicians to reach a consensus on risk assessment and identify the SSC tendon tears.

Introduction
Subscapularis tendon was the largest rotator cuff tendon which plays an important role in maintaining
the stability of the shoulder and internal rotation. Approximately 12-50% of patients were reported to have
subscapularis tendon tears undergoing arthroscopy [1-3]. Lesions involving the subscapularis tendon can
lead to pain and restricted motion of the shoulder. MRI plays an important role in diagnosing shoulder
injuries because of its noninvasive and effectiveness. Although they provided good diagnostic
performance in supraspinatus and infraspinatus tendon tears, the accurate diagnosis of subscapularis
tendon tears is still unsatisfactory[4-6]. 

A systematic review and meta-analysis demonstrated that the overall sensitivity of MRI in the diagnosis
of subscapularis tendon tears was only 68%[7]. The width and thickness of subscapularis tendon tears
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directly affected the diagnostic performance of MRI. The smaller the tear size, the lower the accuracy of
diagnosis, especially when the tear involved the superior one-third tendon[8]. Clinicians often directly
evaluated the severity of subscapularis tendon injuries on MRI according to tendon continuity and signal
changes, but there were still some limitations[6, 9, 10]. The diagnostic accuracy of subscapularis tendon
tears was more dependent on their experience, which was various between clinicians[11]. We did not
know how much assurance can support the accuracy of our suspicion based on experience alone, which
directly affected the accuracy of our diagnosis and clinical decision. It was insu�cient to rely on clinical
and imaging experience to determine whether the accuracy of our diagnosis was consistent with the
actual risk of SSC tendon tears. 

Although several studies have investigated the risk factors associated with subscapularis tendon tears,
research results remained controversial[12-15]. It is unclear which are the critical risk factors and the
diagnostic value of these factors in predicting subscapularis tendon tears. We still lack an effective tool
to evaluate the risk of subscapularis tendon tears. It is crucial to improve the identi�cation of
subscapularis tendon tears on MRI. We hope to reveal the key predictors and develop a novel
measurement to convert this speculative experience to scienti�c risk estimation to assist the diagnosis.

Based on these reasons, the development of a prediction model that incorporates reliable factors
associated with subscapularis tendon tears becomes desirable. Of all the available models, a nomogram
can provide an evidence-based, individualized, and highly accurate risk estimation. Besides, nomogram is
easy to use and can facilitate management-related decision-making. We sought to determine crucial
predictors and establish a nomogram to predict SSC tendon tears. This study hypothesized that
subscapularis tendon tears might be accurately identi�ed by the risk prediction model.

Methods

Patients
This study was approved by our institutional review board (2021BJYYEC-225-01). The requirement for
patient consent was waived by the review board because of the retrospective nature of the study. We
retrospectively reviewed patients with shoulder arthroscopic surgery between January 2017, to December
2020. The inclusion criteria were patients who underwent shoulder arthroscopic procedures with
preoperative shoulder MRI. Participants combined with fractures, tumors, immunologically related
diseases, rheumatic immune diseases, and revision surgery of the shoulder were excluded.

Characteristics of patients included age, gender, cause of injury, injury side (i.e., left or right side).  A total
of 460 patients with 150 males and 310 females enrolled in the study. According to the Lafosse
classi�cation, we evaluated the severity of subscapularis tendon tears under arthroscopy[16]. Patients
with arthroscopically determined subscapularis tendon tears were included in the SSC tear group, while
others with intact subscapularis tendon were enrolled in the non-SSC tear group. Ultimately, 184 patients
and 276 patients were included in the SSC tear group and non-SSC tear group respectively. The mean age
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of both groups was 62.55 ± 9.03 and 59.76 ± 9.42 years, respectively. Eighty-eight (47.8%) patients in the
SSC tear group underwent arthroscopic surgery for trauma, compared to 139 (50.4%)  in non-SSC tear
group. A detailed description of characteristics was presented in table 1. 

Imaging characteristics
All patients enrolled in the study received the identical imaging protocol. T1-T2-weighted and fat-
suppressed T2-weighted images were performed underwent 3.0-T MRI with the arm in a neutral position.
According to previous reports[14, 17-21], clinical experience, and clinical importance, seventeen imaging
features were measured for further evaluation by two trained executors. The consensus was reached
after deliberation and the average value of variables was obtained with multiple measurements.

Coracohumeral distance (CHD) was measured from the humeral cortex to the coracoid process
cortex[17]. According to different measurement planes, we evaluated CHD on the oblique sagittal plane
and axial plane, respectively (Figure.1). The coracoid overlap (CO) was de�ned as the distance between
the glenoid and the tip of the coracoid process, which was measured on the axial plane[17] (Figure. 1).
According to the previous study[18], the relative ratio of the coracoid length and humeral head diameter
measured on the axial plane was de�ned as coracohumeral index (CHI) (Figure.1). To evaluate
subscapularis tendon tears, Shim et al introduced two selected oblique sagittal planes (the en-face and Y-
face)[20]. The en-face plane was the image in which the glenoid was the largest observed and the base of
the coracoid process was in contact with the glenoid, and the Y-view was the �rst image medial to the
glenoid where the scapular spine was in contact with the scapular body (Figure. 2). We evaluated
subscapular muscle atrophy and �uid accumulation on these two planes (Figure 2). In the en-face and
the Y-face, subscapular muscle atrophy was classi�ed as grades I, II, and III according to the degree of
atrophy. In en-face, the atrophy of subscapularis was evaluated according to the base-to-tip line (BTL)
introduced by Shim et al[20]. In Y -face, the atrophy of subscapularis was graded based on the tangent
line and its parallel line. A detailed description of classi�cation in subscapular muscle atrophy was
presented in �gure 2. To further evaluate �uid accumulation on en-face and Y-face, we introduced a new
index, namely �uid area ratio. According to the base-to-tip line (BTL), the �uid area ratio was de�ned as
the ratio of the effusion area to the area surrounded by the coracoid process, glenoid, and BTL in the en-
face (Figure.2). To facilitate the measurement of the �uid area ratio (en-face) on MRI, this indicator was
graded as ratio 0.5 and ratio 0.5.

The posterosuperior (PS, supraspinatus, infraspinatus, teres minor) rotator cuff is anatomically adjacent
to the subscapularis tendon. The retraction and severity of PS rotator cuff tears may affect the
development and progression of subscapularis tendon lesions. To further investigate their relationship,
the retraction of PS rotator cuff tears was classi�ed according to the Patte classi�cation (grade I~III)[20,
22]. Furthermore, the severity of PS rotator cuff tears was classi�ed on the basis of tearing thickness.
Similarly, when a subscapularis tendon tear occurs due to the proximity of the anatomy, it is sometimes
accompanied by a lesion of long head of the biceps (LHB)[14]. The malposition of LHB might be
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associated with subscapularis tendon tears. We selected LHB subluxation/dislocation as a potential risk
factor with evaluation on the axial plane of MRI[23](Figure. 1). Turkmen et al suggested that the
prevalence of subscapularis tendon tears was higher in patients with subcoracoid cyst[22] (Figure.1). In
this study, the subcoracoid cyst was measured on axial plane with fat-suppressed T2-weighted MRI.
Mostly, the greater tubercle cysts were considered to be associated with supraspinatus tenon tears[24,
25], clinicians speculated that the lesser tuberosity cysts (LTC) maybe be related to subscapularis tendon
tears[15, 21]. We evaluated the presence of lesser tuberosity cysts and measured their maximum
diameter on the fat-suppressed T2-weighted axial plane. 

Statistical Analysis
Categorical variables were described as the whole number, and continuous variables were expressed as
means ± standard deviation. The signi�cance of each variable in the cohort was assessed by univariable
logistic regression analysis �rstly. Variables signi�cantly associated with subscapularis tendon tears
were further assessed in multivariable logistic regression (forward stepwise likelihood ratio method) to
select the �nal independent risk factors.

Continuous variables (ie, age and CHD) were directly analyzed in the logistic regression, while for ordered
categorical variables, we converted them into dichotomous variables with optimal scale regression before
entering logistic regression. P-value < 0.05 was considered to be statistically signi�cant.

According to the results of multivariable logistic regression, the rms package of R, version 4.0
(http://www.r-project.org/) was used to establish a nomogram. The nomogram was based on
proportionally converting each regression coe�cient in multivariate logistic regression to a 0- to 100-point
scale. The total points were derived from the sum of the points for each independent variable and
converted into predicted probability. The predictive performance of the nomogram is evaluated by
concordance index (C index), decision curve analysis (DCA), and calibration with 1000 bootstrap
samples. The performance of the predictive model was evaluated by the sensitivity, speci�city, predictive
values, and likelihood ratios.

Results

Clinical, imaging, and arthroscopic characteristics.
A total of 460 patients met the inclusion criteria and the characteristics were presented in table 1.
According to clinical importance, scienti�c knowledge, and previous reports, a total of 22 variables were
selected as candidates. Continuous variables including age, CHD, CO, and CHI were analyzed directly with
logistic regression analysis. 

Dichotomous variables such as gender, cause of injury, injured side, �uid accumulation, subcoracoid cyst,
LHB dislocation/subluxation, and the number of PS rotator cuff tears were also analyzed by logistic

http://www.r-project.org/
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regression analysis. In SSC tear group, 154 (83.7%), 58 (31.5%), and 122 66.3% patients with �uid
accumulation were identi�ed in the En-face, Y-face, and coronal plane, respectively, compared with 191
(69.2%), 23 (8.3%), and 140 (50.7%) patients in non-SSC tear group. In SSC tear group eighty-eight
(47.8%) patients received shoulder arthroscopic procedures due to trauma compared with 139 patients
(50.4%) in non-SSC tear group. Subcoracoid cysts were determined in 106 (57.6%) and 73 (26.4%)
patients in the SSC tear group and non-SSC tear group, respectively. In patients with SSC tendon tears, 70
(38.0%) of them were accompanied by LHB dislocated/subluxation, whereas in the non-SSC tear group,
24 (8.7%) patients had a combined LHB dislocation/subluxation. Ninety (48.9%) patients with SSC
tendon tears combined with multiple PS rotator cuff tears, while in non-SSC tear group, only 28 (10.1%)
patients had multiple PS rotator cuff tears. In addition, we also presented the result of MRI diagnosis in
subscapularis tendon tears.

Ordered categorical variables such as atrophy, patte classi�cation, and thickness of tear were converted
into dichotomous variables according to the in�ection point with the most obvious change through
optimal scale regression. We converted muscle atrophy to a dichotomous variable and classi�ed it as
grade I and grade II/III. Similarly, patte classi�cation was converted to normal/grade I and grade II/III, and
the thickness of PS rotator cuff tear was divided into full-thickness tear and non full-thickness tear
(partial and no tear).

Features selection and determination 
After de�nition, conversion, and classi�cation, univariable logistic regression was used to evaluate these
22 characteristics. The results of univariable logistic regrssion are presented in table 1. In univariable
logistic regression, signi�cant differences were found in 16 variables which were further evaluated by
multivariable logistic regression. Variables for inclusion were carefully chosen, given the number of
events available, to ensure parsimony of the �nal model. The forward stepwise likelihood ratio method
was used in the multivariable logistic regression to identify the most related independent risk factors of
subscapularis tendon tears. All of the independent predictors were reported as odds ratios (95% CI).
Eventually, CHD (oblique sagittal) (OR, 0.75; 95%CI, [0.67-0.84]), �uid accumulation (Y-face) (OR, 2.29;
95%CI, [1.20-4.38]), LHB dislocation/subluxation (OR, 3.62; 95%CI, [1.96-6.68]), number of PS rotator cuff
tears (OR, 5.36; 95%CI, [3.12-9.22]), and MRI diagnosis (OR, 1.88; 95%CI, [1.06-3.32]) were signi�cantly
associated with subscapularis tendon tears (Table. 2).

Nomogram and Model Performance
A Nomogram to predict subscapularis tendon tears based on these 5 related risk factors was shown in
�gure 3. The generated model was internally validated with the 1000 bootstrap validation method. This
nomogram demonstrated good discriminative ability in estimating the risk of SSC tendon tears with a C
index of 0.820 (0.782-0.858). In addition, calibration plots graphically showed good agreement on the risk
estimation by the nomogram with 1000 resampling (Figure.3). Patients with decreased CHD (oblique
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sagittal), LHB dislocation/subluxation, �uid accumulation (Y-face), multiple PS rotator cuff tears, and
MRI diagnosis of  SSC tendon tears were associated with higher nomogram points. Higher total points
based on the sum of points for independent variables in the nomogram were associated with a greater
risk subscapularis tendon tears.

For comparison with the diagnostic performance of MRI in diagnosing subscapularis tendon tears, we
calculated the area under the receiver-operating characteristic (ROC) curve for these two methods
(Figure.4). The sensitivity, speci�city, positive predictive value, negative predictive value, positive
likelihood ratio, and negative likelihood ratio were shown in table 3. In addition, we also performed
decision curve analysis (DCA) for assessment of the clinical utility in these two methods (Figure 4).

Discussion
The most important contribution of this study was that we identi�ed critical predictors among numerous
factors and determined their clinical importance in the diagnosis of subscapularis tendon tears. Patients
with decreased CHD (oblique sagittal), �uid accumulation (Y-face), LHB dislocation/subluxation, multiple
PS rotator cuff tears, and MRI diagnosis of SSC tendon tears were accompanied by a higher risk of
subscapularis tendon tears. When evaluating subscapularis tendon injuries, clinicians should attach
importance to the diagnostic value of these predictors. Beyond that, the study developed and validated a
nomogram that provided reliable risk estimation of SSC tendon tears, which could assist clinicians in
diagnosis. When evaluating subscapularis tendon tears, this prediction model could improve the
diagnostic performance of conventional MRI. 

Many scholars implied that the morphology of the coracoid process could affect the development and
progression of subscapularis tendinopathy[17, 18, 26]. They suggested that CHD, CO, and CHI were
potential predictors in SSC tendon tears[17, 18, 27], although others presented different insights[12,
28]. To further evaluate the relationship between coracoid morphology and subscapularis tendon tears,
we measured CHD on axial and oblique sagittal planes respectively. The result indicated that a decreased
CHD (oblique sagittal plane) was signi�cantly associated with a greater risk of SSC tendon tears. But, we
did not �nd any signi�cant correlation of CHI and CO in subscapularis tendon tears.

Anatomically, the subscapularis tendon is interdependent with the PS rotator cuff and LHB to support the
biceps pully structure. Some scholars suggested that the lesion of PS rotator cuff and LHB were
associated with subscapularis tendon tears[13, 14, 29]. In our study, the result of multivariable logistic
regression indicated that LHB subluxations/dislocation and multiple PS rotator cuff tears were
signi�cantly associated with SSC tendon tears. Patients with these risk factors were prone to acquiring
subscapularis tendon tears.

Previous studies attempted to reveal the relationship between �uid signal and subscapularis tendon
tears[15, 20, 22]. They suggested that patients with subcoracoid cyst, lesser tuberosity cyst, and �uid
accumulation around the subscapularis were more likely to have subscapularis tendon tears. In this
study, we introduced a new index, namely the �uid area ratio. To facilitate the evaluation of this indicator
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on MRI we divided the �uid area ratio into two-level, namely ratio 0.5 and ratio 0.5. Despite we did not
�nd lesser tuberosity cyst, �uid area ratio, and subcoracoid cyst were associated with SSC tendon tears,
the result recommended �uid accumulation (Y-face) as a strong predictor of SSC tendon tears. Patients
with a �uid accumulation of Y-face on MRI indicated a higher risk of subscapularis tendon tears.

Eventually, CHD (oblique sagittal), �uid accumulation (Y-face), LHB dislocation/subluxation, number of
PS rotator cuff tears, and MRI diagnosis of SSC tendon tears were determined as critical predictors
associated with subscapularis tendon tears. The current study provided new insight into evaluating
subscapularis tendon tears. The ROC and DCA curves showed that the nomogram based on the imaging
characteristics has better predictive ability and higher clinical usefulness than conventional MRI. This risk
prediction model could achieve superior diagnostic performance in SSC tendon tears, which is helpful to
reduce the missed diagnosis and assist in making clinical decisions.

As a new predictive tool based on reliable predictors, this nomogram was convenient to reach a
consensus on risk assessment to assist clinicians in diagnosis. But there were still some limitations in
our study. First, this analysis was based on the data of a single institution, it is necessary to validate the
results from other centers (external validation) in the future. Second, although physical examination tests
are routine procedures, we did not include them in this study because of their susceptibility to physicians
and patients' subjectivity and the limited accuracy reported in the previous literature[30]. In future studies,
we will investigate reliable clinical characteristics to further improve the performance of this risk
prediction model in the evaluation of subscapularis tendon tears.

Conclusion
Conventional MRI was insu�cient to accurately diagnosis subscapularis tendon tears based on the
continuity and signal changes of the tendon. This nomogram provided a satisfactory prediction of SSC
tendon tears which could assist clinicians in diagnosis. When evaluating the severity of subscapularis
tendon injuries, we should give increasing attention to these tear-related features. Using this prediction
model could improve the diagnostic performance of conventional MRI which is convenient for clinicians
to reach a consensus on risk assessment of SSC tendon tears and identify patients who may need further
arthroscopy.
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Table 1

 characteristics and result of univariable logistic analysis
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Variable Cohort OR (95%CI) P
Value

 

SSC tear  non-SSC
tear

Age, year 62.55 ±
9.03

59.76 ±
9.42

1.03 (1.01-
1.06)

0.002

Gender

male 58 92 0.92 (0.62-
1.37)

0.685

female  126 184

Cause

degenerative 96 137 0.90 (0.62-
1.31)

0.594

traumatic 88 139

Injured side

right 112 155 1.21 (0.83-
1.78)

0.316

left 72 121

CHD (axial), mm 8.04 ±
2.25

9.28 ± 2.46 0.79 (0.72-
0.86)

<0.001 

CHD (oblique sagittal), mm 8.17 ±
2.08

9.73 ± 2.60 0.75 (0.68-
0.82)

<0.001 

CO, mm 15.96 ±
3.84

15.84 ±
3.94

1.01 (0.96-
1.06)

0.743

CHI 0.33 ±
0.08

0.52 ± 3.14 2.52 (0.22-
28.94)

0.457

Fluid accumulation (En-face)

yes 154 191 2.28 (1.43-
3.65)

0.001

no 30 85

Fluid area ratio (En-face), ratio 0.5

yes 30 12 4.29 (2.13-
8.62)

<0.001 

no 154 264

Fluid accumulation (Y-face)

yes 58 23 5.06 (2.99- <0.001 
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8.59)no 126 253

Fluid accumulation (Coronal)

yes 122 140 1.91 (1.30-
2.81)

0.001

no 62 136

Atrophy (En-face)

grade I 132 256 5.04 (2.89-
8.80)

<0.001 

grade II/III 52 20

Atrophy (Y-face)

grade I  108 218 2.65 (1.75-
4.00)

<0.001 

grade II/III 76 58

Subcoracoid cyst

yes 106 73 3.78 (2.54-
5.62)

<0.001 

no 78 203

Lesser tuberosity cyst, number≥1

yes 62 70 1.47 (0.98-
2.21)

0.065

no 122 206

Lesser tuberosity cyst, diameter≥5
(mm)

yes 18 13 2.19 (1.05-
4.60)

0.037

no 166 263

LHB dislocation/subluxation

yes 70 24 6.45 (3.86-
10.78)

<0.001 

no 114 252

Patte

normal/grade I 120 246 4.37 (2.69-
7.11)

<0.001 

  grade II/III 64 30

Classi�cation

non full-thickness tear 88 219 4.19 (2.78-
6.32)

<0.001 

full-thickness tear 96 57

Number of PS rotator cuff tears
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≤1 94 248 8.48 (5.22-
13.79)

<0.001 

≥2 90 28

MRI diagnosis

SSC tear 56 43 2.37 (1.51-
3.73)

<0.001 

non-SSC tear 128 233

LHB long head of biceps tendon. SSC subscapularis. CHD coracohumeral distance. CO coracoid
overlap. CHI coracohumeral index. OR odds ratio.

Table. 2

Result of multivariable logistic analysis

Variable β OR (95%CI) P Value    

  

  

  

CHD (oblique sagittal), mm -0.29 0.75 (0.67-0.84) 0.001   

  

Fluid accumulation (Y-face) 0.83 2.29 (1.20-4.38) 0.012   

  

LHB (dislocation/subluxation) 1.29 3.62 (1.96-6.68) 0.001   

  

Number of tears (≤1 or ≥2) 1.68 5.36 (3.12-9.22) 0.001   

  

MRI diagnosis  0.63 1.88 (1.06-3.32) 0.03   

  

CHD coracohumeral distance. LHB long head of biceps tendon. OR Odds Ratio.

 Table. 3

Diagnostic performance of nomogram and MRI for predicting subscapularis tendon tears.
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Variable Value-nomogram (95%CI) Value-MRI (95%CI)    

  

Area under ROC curve 0.820 (0.782-0.858) 0.574 (0.504-0.644)   

  

Sensitivity, % 82.6 (76.2-87.6) 30.4 (21.5-41.0)   

  

Speci�city, % 65.6 (59.6-71.1) 84.4 (79.5-88.4)   

  

Positive predictive value, % 61.5 (55.1-67.6) 39.4 (28.3-51.8)   

  

Negative predictive value, % 85.0 (79.3-89.4) 78.5 (73.2-82.9)   

  

Positive likelihood ratio 2.40 (2.01-2.86) 1.95 (1.29-2.95)   

  

Negative likelihood ratio 0.27 (0.19-0.36) 0.82 (0.72-0.94)   

  

MRI magnetic resonance imaging. ROC receiver operating characteristic. CI con�dence interval. 

Figures
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Figure 1

Fat-suppressed T2-weighted MRI images of coracohumeral distance (CHD), coracoid overlap (CO),
coracohumeral index (CHI), LHB dislocation/subluxation and subcoracoid cyst. A CHD measured on axial
plane (red solid line a). B CHD measured on oblique sagittal plane (red solid line b). C CO (red solid line c),
CHI (red solid line c/ red solid line d, namely 21.11mm/54.01mm). D Subcoracoid cyst on axial plane
(white arrow b). Dislocation/subluxation of LHB on axial plane (white arrow a).
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Figure 2

MRI images of subscapular muscle atrophy, �uid accumulation, and �uid area ratio (en-face). A SSC
muscle atrophy classi�cation on Y- face plane. Parallel line intercepting supraspinatus fossa opening
(red solid line a), and parallel line (red solid line b) bisecting the perpendicular distance between line (red
solid line a) and line (red solid line c). Based on these lines, subscapularis position was classi�ed.
Between line (a) and (b) was classi�ed as grade (I), between line (b) and (c) was classi�ed as grade (II),
below line (c) was classi�ed as grade (III). Fluid accumulation in the Y-face plane (white arrow). B En-face
plane showing base to-tip line (BTL): the inferior pole of glenoid to coracoid tip on en-face (red solid line
d). Using BTL, muscle atrophy of subscapularis is classi�ed as grade I (tendon and muscle exist above
the BTL), grade II (only tendon exist above the BTL), and grade III (tendon and muscle exist below the
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BTL). The �uid area ratio was the ratio of the effusion area to the area surrounded by the coracoid
process, glenoid, and BTL in the en-face. Fluid accumulation in the en-face plane (white arrow). C Fluid
accumulation in the coronal plane (white arrow).

Figure 3

Nomogram and calibration. A Nomogram. To use the nomogram, �nd the position of each variable on the
corresponding axis, draw a line to the points axis for the number of points, add the points from all of the



Page 20/20

variables, and draw a line from the total points axis to determine the tear risk of subscapularis tendon at
the lower line of the nomogram. B Calibration plot. Validity of the predictive performance of the
nomogram in estimating the risk of SSC tendon tears with the 1000-sample bootstrapped calibration plot.
The calibration curve demonstrated that our nomograms have good predictive performance.

Figure 4

ROC and DCA curve. A AUC of two methods (nomogram : 0.820, MRI: 0.574). B DCA of two methods. DCA
curve analysis showed this model (nomogram) have comparable clinical performance with higher clinical
application value and better clinical practicability than MRI.


