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Background: There are still some challenges in diagnosing subscapularis (SSC) tendon
tears as accurately as posterosuperior rotator cuff tears on magnetic resonance imaging
(MRI). The omission of SSC tendon tears can lead to muscle atrophy, fatty infiltration and
increased tear accompanied by aggravated shoulder pain and loss of function. An
effective noninvasive evaluation tool will be beneficial to early identification and
intervention. The study aims to identify sensitive predictors associated with SSC
tendon tears and develop a dynamic nomogram to improve diagnostic performance.
Methods: From July 2016 to October 2021, 528 consecutive cases of patients who
underwent shoulder arthroscopic surgery with preoperative shoulder MRI were
retrospectively analyzed. The least absolute shrinkage and selection operator (LASSO)
method was used to identify the sensitive factors associated with SSC tendon tears,
which were then incorporated into the nomogram. The prediction performance of the
nomogram was evaluated by concordance index (C index) and calibrated with 1,000
bootstrap samples combined with external validation of another cohort.
Results: The LASSO method showed that six items including coracohumeral distance
(oblique sagittal plane), effusion (Y-face), effusion (subcoracoid), malposition of the long
head tendon of the biceps, multiple posterosuperior rotator cuff tears, and considering
SSC tendon tears on MRI (based on direct signs) were determined as sensitive
predictors. The nomogram achieved a good C index of 0.878 (95% CI, 0.839–0.918)
with a good agreement on the risk estimation of calibration plots. The areas under the
receiver operator characteristic (ROC) curves of the two methods showed that
dynamic nomograms had better prediction performance than MRI diagnosis based on
direct signs (training set 0.878 vs. 0.707, validation set 0.890 vs. 0.704).
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Conclusion: The study identified sensitive predictors associated with SSC tendon tears
and first developed a web-based dynamic nomogram as a good supplementary
evaluation tool for imaging diagnosis that could provide an individualized risk estimate
with superior prediction performance, even in patients with small or partial tears.

Keywords: subscapularis, nomogram, dynamic, prediction, tear
INTRODUCTION

As the largest and most powerful tendon of the rotator cuff, SSC
plays an important role in maintaining the stability of the
glenohumeral joint and internal rotation of the shoulder joint.
The incidence of SSC tendon tears has been reported in 12–
50% of all patients undergoing arthroscopy (1–3). Lesions
involving SSC can lead to long-term shoulder pain and
progressive loss of function. Although the diagnostic
performance of magnetic resonance imaging (MRI) in
supraspinatus and infraspinatus tendon tears is excellent, it
has been challenging to find MRI as an effective diagnostic
tool for SSC tendon tears (4–6). Especially, the smaller and
partial-thickness tears could directly decrease the diagnostic
accuracy of MRI (7–9). Considering the SSC tendon tear
usually begins at the upper part of the tendon insertion, most
of which occurred in the superior one-third of the tendon
insertion (10), the presence of a partial volume effect will also
make it difficult to visualize the lesions in the anterosuperior
region (11).

Although a good clinical outcome was obtained after
arthroscopic repair of SSC tendon tears (12), most tears were
mainly identified during an arthroscopic examination of other
shoulder injuries. The preoperative omission of these lesions
can lead to muscle atrophy, fatty infiltration, and increased
tearing accompanied by aggravated shoulder pain and loss of
function (13). Because of the difference in clinical experience,
the accuracy of diagnosis varies among clinicians (14). An
effective risk prediction tool will assist clinicians in early
identifying such injuries. Although researchers have reported
some factors associated with SSC tendon tears (15–18), it was
unclear which were the pivotal predictors and the diagnostic
value of them in predicting SSC tendon tears. It is crucial to
improve the diagnostic accuracy of SSC tendon tears, and we
hope to develop a reliable prediction system to convert this
speculative experience to scientific risk estimation to assist the
early diagnosis and intervention.

Of all the available models, a nomogram can provide an
evidence-based, individualized, and highly accurate risk
estimation. This study hypothesized that this new predictive
system could provide superior diagnostic performance in
identifying SSC tendon tears.
MATERIALS AND METHODS

Patient Cohort
We retrospectively analyzed data of patients who received
shoulder arthroscopic procedures at our medical institution
2

from July 2016 to October 2021 and identified 528
consecutive cases with complete data of shoulder MRI for
inclusion in the study. This study was approved by the ethics
commissions of our hospital. The requirement for patient
consent was waived by the review board because of the
retrospective nature of the study. Three hundred and sixty-two
patients (243 females and 119 males, mean age: 60.56 years)
who underwent shoulder arthroscopy from July 2016 to July
2019 were included in the training data set, and 166 patients
(109 females and 57 males, mean age: 60.85 years) who
received shoulder arthroscopy from August 2019 to October
2021 were included in the validation data set. Inclusion
criteria were patients who underwent shoulder arthroscopic
procedures with preoperative shoulder MRI. Patients
combined with rheumatic immune diseases, infections,
tumors, and revision surgery of the shoulder were excluded.

Demographic data including gender, age, dominant hand,
cause of injury, comorbidities, cigarette smoking, and alcohol
consumption were collected. The severity of an SSC tendon
tear was determined arthroscopically according to the Lafosse
classification (19). Yoo et al. divided the SSC tendon footprint
into four distinct facets (facet 1–4) through a cadaveric
observational study (10). They provided the facet’s dimensions
and surface area, convenient for arthroscopic measurements.
We measured SSC tear size during the arthroscopy by a
numeric probe with a scale of 1 mm to describe the
classification (Lafosse I–V). Patients with arthroscopically
determined SSC tendon tears were included in the SSC tear
group, while others with intact SSC were enrolled in the non-
SSC tear group. Ultimately, 86 patients (mean age: 63.12
years) and 276 patients (mean age: 59.76 years) were enrolled
in the SSC tear group and non-SSC tear group, respectively.
According to Lafosse’s classification, SSC tendon tears of the
training cohort occurred in the upper third in 51 patients
(Lafosse I/II type), and the remaining 35 patients had SSC
tendon tears that exceeded the upper third (Lafosse III–V
type). In the validation cohort, 35 patients combined with
upper third SSC tendon tears, and 18 patients had tears that
exceeded the upper third of SSC tendon (Lafosse III–V type).
A detailed description of demographic data is reported in
Table 1.

All patients who underwent shoulder arthroscopic surgery
were placed in the beach chair position with general
anesthesia, and all of the procedures were performed by two
comparably senior shoulder surgeons. The main surgical
procedures included (1) arthroscopic exploration and
debridement, (2) subacromial decompression, (3) adhesion
release, (4) rotator cuff repair, (5) fixation of the labrum, (6)
2022 | Volume 9 | Article 874800
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TABLE 1 | Clinical and imaging features of SSC tears in the development and validation cohorts.

Variable Development cohort (n = 362) p Value Validation cohort (n = 166) p Value

SSC tear (n = 86) Non-SSC tear (n = 276) SSC tear (n = 53) Non-SSC tear (n = 113)

Age, year 63.12 ± 8.82 59.76 ± 9.42 0.003 62.87 ± 8.39 59.90 ± 9.15 0.047

Gender

Male 27 92 0.738 17 40 0.674

Female 59 184 36 73

Cause

Degenerative 44 131 0.549 33 56 0.126

Traumatic 42 145 20 57

Dominant hand

Yes 53 155 0.370 31 65 0.906

No 33 121 22 48

CHD (axial), mm 7.88 ± 2.11 9.28 ± 2.46 <0.001 8.23 ± 2.02 9.69 ± 2.49 <0.001

CHD (oblique sagittal), mm 8.09 ± 2.02 9.73 ± 2.60 <0.001 8.23 ± 1.70 10.29 ± 2.67 <0.001

CO, mm 16.10 ± 3.92 15.84 ± 3.94 0.587 15.54 ± 4.01 15.38 ± 4.29 0.812

CHI 0.33 ± 0.08 0.33 ± 0.08 0.334 0.32 ± 0.08 0.32 ± 0.09 0.522

Effusion (en-face)

Yes 73 191 0.004 44 71 0.009

No 13 85 9 42

Fluid area ratio (en-face), ratio >0.5

Yes 14 12 <0.001 11 1 <0.001

No 72 264 42 112

Effusion (Y-face)

Yes 28 23 <0.001 12 5 <0.001

No 58 253 41 108

Effusion (Coronal)

Yes 60 140 0.002 36 43 <0.001

No 26 136 17 70

Atrophy (en-face)

Grade I 61 256 <0.001 41 103 0.015

Grade II/III 25 20 12 10

Atrophy (Y-face)

Grade I 49 218 <0.001 34 83 0.221

Grade II/III 37 58 19 30

Effusion (subcoracoid)

Yes 53 73 <0.001 31 24 <0.001

No 33 203 22 89

Lesser tuberosity cyst, number ≥1

Yes 29 71 0.148 18 35 0.700

No 57 205 35 78

Lesser tuberosity cyst, diameter r≥5 (mm)

Yes 9 13 0.051 5 3 0.057

No 77 263 48 110

LHB dislocation/subluxation

Yes 33 24 <0.001 17 14 0.002

No 53 252 36 99

(continued)
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TABLE 1 | Continued

Variable Development cohort (n = 362) p Value Validation cohort (n = 166) p Value

SSC tear (n = 86) Non-SSC tear (n = 276) SSC tear (n = 53) Non-SSC tear (n = 113)

Patte

Normal/grade I 55 246 <0.001 37 104 <0.001

Grade II/III 31 30 16 9

Classification

Non-full-thickness tear 38 219 <0.001 25 96 <0.001

Full-thickness tear 48 57 28 17

Number of PS rotator cuff tears

≤1 42 248 <0.001 27 105 <0.001

≥2 44 28 26 8

Hypertension

Yes 39 96 0.077 24 37 0.118

No 47 180 29 76

Diabetes

Yes 26 49 0.013 18 22 0.042

No 60 227 35 91

Coronary heart disease

Yes 21 28 0.001 13 8 0.002

No 65 248 40 105

Cerebral infarction

Yes 6 12 0.327 4 4 0.261

No 80 264 49 109

Smoking history

Yes 7 34 0.286 5 14 0.577

No 79 242 48 99

Drinking history

Yes 7 17 0.519 5 6 0.319

No 79 259 48 107

SSC tear (direct signs on MRI)

Yes 49 43 <0.001 31 20 <0.001

No 37 233 22 93

Xu et al. Improvement of Evaluation Tool
tenotomy or tenodesis of the long head of the biceps, and (7)
debridement of calcific tendinitis. If necessary, all patients
were instructed to use a shoulder abduction brace immediately
with standardized rehabilitation protocol postoperatively.
Rehabilitation training was conducted under the guidance of
professional rehabilitation physicians.

MRI Image Evaluation and Definition
All patients included in the study received the standard shoulder
MRI protocol. T1-weighted, T2-weighted fast-spin-echo, and
fat-suppressed gradient echo and proton density-weighted
(PDW) images (thickness = 4/5 mm) were performed using a
conventional 3.0-T MRI scanner (Siemens Medical Systems).
The scanning direction included axial, oblique coronal
(parallel to the long axis of the supraspinatus), and oblique
sagittal plane (perpendicular to the long axis of the
Frontiers in Surgery | www.frontiersin.org 4
supraspinatus). The field of view (FOV = 160 mm) was
centered on the humeral head with the affected upper limb in
a neutral position (hands were placed on the sides of the
body, with palms upward). None of the patients received
magnetic resonance arthrography (MRA). According to
previous reports (17, 20–24), clinical importance, and clinical
experience, the study included 17 imaging features to evaluate
their association with SSC tendon tears (Table 1). Two
previously trained orthopedists evaluated these characteristics.
The consensus was reached after deliberation, and the mean
value of variables was obtained with twice repeated
measurements. The imaging characteristics are hereinafter
described in detail and reported in Table 1.

Coracohumeral distance (CHD) was defined as the minimal
distance between the humeral cortex and the coracoid cortex
(20). According to different measurement planes, this
2022 | Volume 9 | Article 874800
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FIGURE 1 | Fat-suppressed T2-weighted MRI images of coracohumeral distance (CHD), coracoid overlap (CO), coracohumeral index (CHI), LHB malposition, and
subcoracoid effusion. (A) CHD measured on the axial plane (red solid line a). (B) CHD measured on the oblique sagittal plane (red solid line b). (C) CO (red solid line c)
and CHI (red solid line c/ red solid line d, 21.11 mm/54.01 mm). (D) LHB malposition on the axial plane (white arrow e). (E) Subcoracoid effusion on the axial plane
(white arrow f).

Xu et al. Improvement of Evaluation Tool
parameter could be measured on axial and oblique sagittal
planes, respectively (Figure 1). The coracoid overlap (CO)
represented the distance from the glenoid to the tip of the
coracoid, which was also measured on the axial plane (20)
(Figure 1). According to the description of Zhang et al. (21),
we calculated the relative ratio of the coracoid length and
humeral head diameter as coracohumeral index (CHI) on the
axial plane (Figure 1).

Shim et al. (23) introduced two selected planes (the en-face
and Y-face) of the sagittal–oblique plane on MRI for SSC
tendon tear measurements. 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-face plane was the first image medial to the glenoid where
the scapular spine was in contact with the scapular body
(Figure 2). We used these two planes to evaluate the
subscapular muscle atrophy and effusion. In the en-face and
Y-face, subscapular muscle atrophy can be classified as grades
I, II, and III according to the extent of atrophy; the higher the
Frontiers in Surgery | www.frontiersin.org 5
grade, the more severe the atrophy. A detailed description of
subscapular muscle atrophy grading is presented in Figure 2.
In addition, we described a new index, namely, fluid area
ratio, to evaluate further the role of effusion in the en-face
plane. According to the base-to-tip line (BTL), we defined the
fluid area ratio (en-face) 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 fluid area ratio (en-face) on MRI, the fluid area ratio
was categorized into ratios >0.5 and <0.5.

Given the anatomical proximity of the posterosuperior
(supraspinatus, infraspinatus, and teres minor) rotator cuff to
the SSC, the retraction and extent of posterosuperior (PS)
rotator cuff tendon tear might be associated with SSC tendon
tears. The retraction of the PS rotator cuff was graded
according to the Patte classification (grades I–III) (23, 25). We
evaluated the severity of PS rotator cuff tear according to the
thickness (full-thickness vs. nonfull-thickness) and the
number of tendon tears (normal/single versus multiple). Yoon
2022 | Volume 9 | Article 874800
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FIGURE 2 | MRI images of subscapular muscle atrophy, effusion, and fluid area ratio (en-face). (A) SSC muscle atrophy classification on the 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, the SSC position was classified: between lines (a) and (b) was classified as grade (I), between lines (b) and (c) was classified as
grade (II), and below line (c) was classified as grade (III). Effusion on Y-face plane (white arrow). (B) En-face plane showing the 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 SSC is classified as grade I (tendon and muscle exist above the BTL), grade II (only
tendon exists above the BTL), and grade III (tendon and muscle exist below the BTL). The fluid area ratio was the ratio of the effusion area to the area surrounded by
the coracoid process, glenoid, and BTL in the en-face. Effusion on en-face plane (white arrow). (C) Effusion on the coronal plane (white arrow).

Xu et al. Improvement of Evaluation Tool
et al. demonstrated that malposition (subluxation/dislocation) of
the long head tendon of the biceps (LHB) on MRI was
associated with a concurrent SSC full-thickness tear (17), and
we evaluated the LHB malposition on the axial plane
(Figure 1). Mostly, the greater tubercle cysts were assessed to
be related to supraspinatus tears (26, 27); some scholars
speculated that the lesser tuberosity cyst (LTC) and
subcoracoid effusion may be related to SSC tendon tears (18,
24, 25). This study evaluated LTC on the fat-suppressed T2-
weighted axial plane to determine the predictive value.

Two researchers evaluated clinical characteristics and
indirect imaging features. The diagnosis on MRI according to
direct signs (morphology and signal of the tendon) was
defined as MRI diagnosis (direct signs), which was evaluated
by the musculoskeletal radiologist and another orthopaedist.
All of the above investigators were blinded to the grouping of
the participant. The MRI diagnosis (direct signs) was divided
into two conditions, namely, considering SSC tendon tears or
considering non-SSC tendon tears on MRI, which was also
Frontiers in Surgery | www.frontiersin.org 6
regarded as a candidate variable for evaluation. All suspicious
diagnoses based on direct signs were considered to be SSC
tendon tears.
Statistical Analysis
Categorical variables were reported as whole numbers, and
continuous variables were expressed as means ± standard
deviation. The significance of continuous variables was
assessed by student’s t-test or nonparametric tests. Chi-square
tests or Fishers’ exact test was used in the analysis of categorical
variables. Variables associated with SSC tears at a significant
level (p < 0.1) were candidates for the least absolute shrinkage
and selection operator (LASSO) method and 10-fold cross-
validation, which is suitable for the regression of high-
dimensional data (28). LASSO regression with 10-fold cross-
validation was utilized by package “glmnet” in R (version 4.0),
and statistical analysis was performed using SPSS (IBM SPSS 25.0).
2022 | Volume 9 | Article 874800
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FIGURE 3 | Feature selection using the least absolute shrinkage and selection operator (LASSO) method and cross-validation. (A) Extracted features were reduced
via the LASSO method and correlation matrix selection. (B) Tenfold cross-validation was used to obtain the best lambda value. The minimum log(lambda) value was
about −4.9. The vertical line of one minimal standard error was drawn at the right side of the minimum log(lambda), where optimal lambda resulted in six items with
nonzero coefficients.
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FIGURE 4 | Nomogram and calibration. (A) Nomogram. To use the nomogram, find 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 variables, and draw a line from the total points axis to determine the tear risk of SSC tendon at the lower
line of the nomogram. (B) Calibration plot of the training data set. Validity of the predictive performance of the nomogram in estimating the risk of SSC tendon tear with
the 1,000-sample bootstrapped calibration plot. The calibration plot showed good agreement between predicted and observed outcomes in the training data set. (C)
Calibration plot of validation data set. The calibration plot showed good agreement between predicted and observed outcomes in the validation data set.

TABLE 2 | Diagnostic performance of nomogram and MRI in SSC tears.

Variable Value nomogram (95%
CI)

Value MRI (95%
CI)

Area under ROC curve 0.878 (0.839–0.918) 0.707 (0.639–
0.705)

Sensitivity, % 80.2 (70.0–87.7) 57.0 (45.9–67.5)

Specificity, % 78.6 (73.2–83.2) 84.4 (79.5–88.4)

Positive predictive value,
%

53.9 (44.9–62.7) 53.3 (42.6–63.6)

Negative predictive value, 92.7 (88.4–95.6) 86.3 (81.5–90.1)

Xu et al. Improvement of Evaluation Tool
According to the results of the LASSO method, the “rms,”
“DynNom,” and “shiny” packages of the R language version
4.0 (http://www.r-project.org/) were used to construct a web-
based dynamic nomogram. The predictive performance of the
nomogram was evaluated by the concordance index (C index)
and calibrated with 1,000 bootstrap samples. The AUC,
specificity, sensitivity, likelihood ratios, and predictive values
were calculated to evaluate the diagnostic performance of
dynamic nomogram and MRI. Decision curve analysis (DCA)
was applied to evaluate the feasibility of this prediction model
and MRI.
%

Positive likelihood ratio 3.75 (2.92–4.81) 3.66 (2.63–5.09)

Negative likelihood ratio 0.25 (0.16–0.39) 0.51 (0.40–0.65)
RESULTS

Evaluation and Screening of Predictors
Table 1 presents the clinical and imaging characteristics of
patients in the training data set and validation data set. Based
on clinical importance, scientific knowledge, and previous
Frontiers in Surgery | www.frontiersin.org 8
reports, a total of 27 variables were selected as candidates. In
univariable analysis, 19 items were selected as candidates
associated with SSC tendon tears with a p-value <0.1.
2022 | Volume 9 | Article 874800
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Subsequently, the LASSO method combined with 10-fold cross-
validation was performed to reduce the dimensionality of the
model and determine the final factors with the most predictive
power. The result suggested that decreased CHD (oblique
sagittal plane), effusion (Y-face), subcoracoid effusion, LHB
malposition, multiple PS rotator cuff tears, and considering
SSC tendon tears on MRI (direct signs) were highly associated
with SSC tendon tears (Figure 3).
FIGURE 5 | ROC and DCA curve. (A) AUC of the nomogram (red line) and MRI (b
provided better diagnostic performance compared with MRI. (B) DCA of nomogram
had achieved a higher clinical application value and better clinical practicability than
MRI: 0.704) in the validation cohort. The nomogram also provided better diagnostic

Frontiers in Surgery | www.frontiersin.org 9
Development and Evaluation of Nomogram
A nomogram to predict SSC tears incorporating these six
sensitive predictors is shown in Figure 4. The generated
model was internally validated with the 1,000 bootstrap
validation method. This nomogram demonstrated a good
discriminative ability of the training cohort with a C index of
0.878 (95% CI, 0.839–0.918). In the validation cohort,
the nomogram displayed a C index of 0.890 (95% CI,
lue line) (nomogram: 0.878, MRI: 0.707) in the training cohort. The nomogram
(red line) and MRI (blue line). DCA curve analysis showed that the nomogram
MRI. (C) AUC of nomogram (red line) and MRI (blue line) (nomogram: 0.890,
performance in the validation cohort.

2022 | Volume 9 | Article 874800
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0.840–0.940) for the risk estimation of SSC tendon tears. Both
calibration plots graphically showed good agreement on the
risk estimation by the nomograms of these two cohorts (mean
absolute error: 0.018 vs. 0.027) (Figure 4). Patients with
decreased CHD (oblique sagittal plane), effusion (Y-face),
subcoracoid effusion, LHB malposition, multiple PS rotator
cuff tears, and considering SSC tendon tears on MRI (direct
signs) presented with higher nomogram points which
indicated a greater risk of SSC tendon tears.

To compare the diagnostic performance of this nomogram
with MRI diagnosis (based on direct signs), the study
calculated the sensitivity, specificity, predictive value, and
likelihood ratio. Eventually, the sensitivity, specificity, positive
predictive value, negative predictive value, positive likelihood
ratio, and negative likelihood ratio of these two methods
(nomogram versus MRI diagnosis) was 80.2% vs. 57.0%,
78.6% vs. 84.4%, 53.9% vs. 53.3%, 92.7% vs. 86.3%, 3.75 vs.
3.66, and 0.25 vs. 0.51, respectively (Table 2). The area under
the receiver-operating characteristic (ROC) curve for these two
methods also indicated a superior performance of this
nomogram in both training and validation cohorts (Figure 5).
We also performed DCA to assess the clinical utility of these
two methods (Figure 5). The result suggested that when the
threshold probability is between 3% and 93%, the prediction
model can yield a good net benefit with higher clinical
application value and better clinical practicability than MRI
diagnosis based on direct signs.

Based on the superior nomogram, the study constructed a
web-based dynamic probability calculator (https://cmuxwn.
shinyapps.io/DynNomapp/) to forecast the probability of SSC
tears (Figure 6). It is very advantageous to input the sensitive
FIGURE 6 | Screenshot of the web-based dynamic nomogram used to predic
combined with effusion (Y-face), subcoracoid effusion, LHB malposition, multiple P
and the predicted probability of SSC tendon tear was 97.3% (black line).

Frontiers in Surgery | www.frontiersin.org 10
predictors on the web-based nomogram for real-time
individualized prediction of tear probability. The black line
represented the probability (97.3%) and 95% CI (0.919–0.992)
of SSC tendon tears in a patient with effusion (Y-face),
subcoracoid effusion, LHB malposition, multiple PS rotator
cuff tears, 7 cm of CHD, and considering SSC tendon tears on
MRI (direct signs) (Figure 6).
DISCUSSION

The ability to identify patients with SSC tendon tears needs to be
improved. Considering that the accuracy of MRI diagnosis based
on direct signs was not excellent, and doctors could not obtain
the likelihood of tear in each patient, we comprehensively
evaluated the diagnostic value of these factors and identified
highly sensitive predictors. Patients with decreased CHD
(oblique sagittal), effusion (Y-face), subcoracoid effusion, LHB
malposition, multiple PS rotator cuff tears, and considering
SSC tendon tears on MRI (direct signs) were accompanied by
a higher risk of SSC tendon tears. We first provided a web-
based dynamic nomogram that could provide superior
prediction performance to identify SSC tendon tears, even in
patients with small (involving an upper third of SSC) or
partial tears.

Previous studies implied that the morphology of the coracoid
and its relationship with the surrounding structures were closely
related to the subscapular tendon tear (20, 21, 29). Some
researchers suggested that CHD, CO, and CHI were potential
predictors of subscapular tendon tear (20, 21, 30), although
others presented different insights (15, 31). To better evaluate
t SSC tendon tears (https://cmuxwn.shinyapps.io/DynNomapp/). This patient
S rotator cuff tears, 7 cm of CHD, and considering SSC tendon tears on MRI,

2022 | Volume 9 | Article 874800

https://cmuxwn.shinyapps.io/DynNomapp/
https://cmuxwn.shinyapps.io/DynNomapp/
https://cmuxwn.shinyapps.io/DynNomapp/
https://cmuxwn.shinyapps.io/DynNomapp/
https://cmuxwn.shinyapps.io/DynNomapp/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Xu et al. Improvement of Evaluation Tool
the predictive value of CHD in SSC tears, this study measured
CHD at the axial and oblique sagittal planes. The results
suggested that a decreased CHD (oblique sagittal plane) was
highly sensitive to predicting SSC tendon tears, while CHD
measured on the axial plane, CHI, and CO were not
recommended as sensitive predictors.

Anatomically, the subscapular tendon is closely interdependent
with the PS rotator cuff and long head tendon of the biceps (LHB)
to assist the formation of the biceps pully structure. Researchers
found (17, 32) that the malposition (dislocation/subluxation) of
the LHB on MRI could predict a full-thickness tear of the
subscapular tendon. Our search demonstrated that LHB
malposition was a reliable indicator for predicting SSC tears.
Mehta et al. reported that a greater proportion of concomitant
full-thickness PS cuff tears could be observed in shoulders with
subscapular tendon tears (16). However, our study suggested
that the number of PS tendon tears had superior predictive
value in diagnosing SSC tendon tears.

Previous studies found that fluid signs around the SSC were
associated with SSC tears (18, 23, 25). To better evaluate the
predictive value of these fluid signs, we introduced a new index,
namely, the fluid area ratio. Although we did not find any
correlation of lesser tuberosity cyst with SSC tears, the result
pointed out that patients with effusion of Y-face plane and
subcoracoid on MRI indicated a higher risk of SSC tendon tears.

Eventually, six indicators were determined as sensitive
predictors to assist orthopedic clinicians in diagnosing SSC
tendon tears. This study firstly established and validated a
nomogram according to clinical and MRI features to predict
patients with SSC tears. As a new evaluation tool based on
reliable predictors, the nomogram was convenient for
providing individualized risk estimation to assist doctors in
diagnosis. This dynamic nomogram achieved superior
diagnostic performance in both training and validation
cohorts, which is helpful in reducing the missed diagnosis
rate. Some limitations also exist in our study. This analysis
was based on the data of a single institution; it was better to
validate the model with multiple institutions in further study.
Considering physical examination was susceptible to the
subjectivity of patients and clinicians with limited accuracy
reported in the previous literature (33), we did not evaluate
this factor. As an important diagnostic routine, we
recommended that doctors perform a comprehensive
Frontiers in Surgery | www.frontiersin.org 11
diagnostic evaluation in conjunction with physical
examinations after obtaining the risk prediction value and
imaging diagnosis.
CONCLUSION

There are still some challenges in accurately diagnosing SSC
tendon tears based on conventional MRI. The study provided
a new evaluation tool to assist clinicians in risk estimation and
diagnosis. As a good supplementary diagnostic tool, this web-
based dynamic nomogram can help doctors better identify
SSC tendon tears, even in patients with small or partial tears.
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