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Purpose This study aimed to investigate which indirect parameters on preoperative MRI were the

principal predictors of subscapularis tendon tears (STTs) requiring surgical repair.

Materials and Methods Preoperative MRI scans of 86 patients were retrospectively reviewed for vi-
sual assessment of the STT, pathology of the long head of the biceps tendon (LHBT), posterior decen-
tering (PD) of the humeral head, humeral rotation, fatty degeneration, and subscapularis muscle at-
rophy. To evaluate atrophy, visual grading using the anatomical line connecting the coracoid tip to
the glenoid base, designated as the base-to-tip line (BTL), and thickness measurements were per-

formed in the en-face view.

Results Arthroscopically, 31 patients (36%) exhibited Lafosse type Ill or IV STT and underwent surgi-
cal repair. LHBT pathology (p = 0.002), PD of the humeral head (p = 0.012), fatty degeneration (p <
0.001), and BTL grade (p = 0.003) significantly correlated with STT. In the multivariate analysis, PD of
the humeral head (p =0.011, odds ratio [OR] = 5.14) and fatty degeneration (p = 0.046, OR =2.81) were

independent predictors of STT.

Conclusion PD of the humeral head and fatty degeneration of the subscapularis can help to diag-
nose clinically significant STT. Interpretation of these findings may contribute to the planning of an

optimal surgical strategy.

Index terms Subscapularis; Rotator Cuff Tear; Magnetic Resonance Imaging; Posterior Decentering;

Fatty Degeneration
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INTRODUCTION

The subscapularis muscle is important in shoulder biomechanics such as glenohumeral
coaptation, anterior stability, and internal rotation (1). The prevalence of rotator cuff tears
combined with subscapularis tendon tears (STT) is 30% to 69% (2-4). Because STT has been
recognized as a risk factor for retear after rotator cuff repair, accurate diagnosis is essential
(5). Surgical repair is preferred in tears that involve 50% or more of the tendon thickness.
Therefore, preoperative evaluation to detect STT can affect surgical strategy (6). Undetected
STTs can lead to shoulder dysfunction and persistent pain with the progression of muscle at-
rophy, fatty infiltration, and tear worsening (7).

MRI is the most effective diagnostic method for rotator cuff diseases, including STT (3).
This noninvasive imaging modality can provide excellent multiplanar delineation without
contrast or radiation exposure. MRI has the advantage of providing further information on
cuff issues and surrounding structures, such as muscle atrophy, edema, and fatty degener-
ation (FD), which represent the physiological conditions of the rotator cuffs (3, 7). MRI
shows greater than 90% accuracy in diagnosing rotator cuff tears by focusing on the supra-
spinatus and infraspinatus muscles. However, the use of MRI as an effective diagnostic tool
for rotator cuff tears focusing on the subscapularis has been challenging (7, 8). A recent
systematic review and meta-analysis demonstrated unclear sensitivity of MRI for detecting
STT, ranging from 25% to 94% with an overall sensitivity of 68% (9). However, this overall
sensitivity was overestimated because more than half of the studies included in this review
used MR arthrography (10). Although the recognition of STT during arthroscopy has im-
proved, and surgical outcomes are good, the current diagnostic performance of preopera-
tive MRI is not ideal (11).

Previous studies suggest that tears and malpositioning of the long head of the biceps ten-
don (LHBT) may indicate the presence of STT (12). Posterior decentering (PD) of the humeral
head, severe muscle atrophy, and high-grade FD are associated with a large tear size (3, 13).
These findings suggest that investigating reliable parameters that are highly associated with
STTs may improve the diagnostic ability of MRIs. However, these studies did not analyze oth-
er significant MRI parameters. Because these parameters correlated with each other, it was
necessary to conduct a multivariate analysis. Therefore, the current study aimed to deter-
mine which preoperative MRIs parameters were the principal predictors of STT requiring

surgical repair.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Review Board of Hanyang University
Guri Hospital (IRB No. GURI 2022-08-012). The requirement for patient consent was waived
by the review board due to the retrospective design of the study.

PATIENTS
Between July 2018 and June 2020, 214 patients were diagnosed with rotator cuff tears us-

ing shoulder MRI. The inclusion criteria were: 1) patients who underwent preoperative MRI
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at our institutes using a standardized protocol, 2) those who had arthroscopic rotator cuff
repairs within 3 months after MRI acquisition, and 3) those with available operation records
describing the condition of the rotator cuff tendons. The exclusion criteria were as follows:
1) individuals with a fracture or infection around the shoulder, 2) those who had undergone
prior shoulder surgery on the same side, and 3) those who underwent total shoulder re-
placement arthroplasty. A total of 86 patients were enrolled in this study.

ARTHROSCOPY

The orthopedic surgeon determined whether surgical repair of the subscapularis tendon
was required based on arthroscopic findings. Patients with intact tendon or tears in less than
the superior 1/3 tear of the tendon (Lafosse type I or II) were classified into the non-surgical
group. Patients with injuries larger than a superior 1/3 tear (Lafosse type III) or an entire full-
thickness tendon tear of the tendon (Lafosse type IV) were classified into the surgical repair
group (14). Before the arthroscopic procedure, the surgeon was aware of the preoperative MR
findings. Arthroscopic reports were retrospectively reviewed to assess the location, size, and

repair methods of rotator cuff tear with STT.

MRI ACQUISITION

MRI was performed using 3T scanners (Achieva or Ingenia; Philips Medical System, Best,
the Netherlands) with dedicated shoulder coils. None of the patients were administered intra-
venous or intra-articular contrast agents. All MRI examinations consisted of T2-weighted
modified Dixon (mDixon) images in the axial, oblique coronal (parallel to the long axis of the
supraspinatus tendon), and oblique sagittal planes (parallel to the glenohumeral joint); proton
density-weighted mDixon images in the oblique coronal plane; and T1-weighted images in the
oblique sagittal plane. The mDixon sequences included water-only images and in-phase imag-
es. All axial and oblique coronal planes were obtained with a 160 X 160 mm field of view
(FOV), 3.0 mm-section thickness, and no intersection gap. All oblique sagittal planes were ob-

tained with a 160 X 160 mm FOV, 4.5-mm section thickness, and 0.45 mm-intersection gap.

IMAGE ANALYSIS

All parameters were retrospectively reviewed using preoperative MRI. Two readers (a dedi-
cated musculoskeletal radiologist with 24 years of experience and a third-year radiology resi-
dent) independently interpreted or measured the MR parameters and resolved all disagree-
ments by consensus. Candidate parameters included MRI diagnoses based on visual
assessments using all suspicious direct signs such as alterations in signal intensity, thickness
changes, and musculotendinous retraction (10, 12). If an STT was present, it was evaluated
for surgical repair.

Indirect MRI parameters included LHBT pathology, PD of the humeral head, humeral ro-
tation, FD, and atrophy of the subscapularis muscle. LHBT tear and malposition were collec-
tively defined as “LHBT pathology.” Findings suggestive of LHBT tears include alterations in
signal intensity, contour irregularity, and thickness change. A partial tear was also a positive
LHBT tear. Various types of malpositioning were included in this study. The LHBTS located
outside the bicipital groove deviate medially within the bicipital groove and move over the
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inner rim of the bicipital groove while maintaining partial contact with the groove (12).
When the LHBT was completely torn, the positioning of the tendon could not be evaluated.

The PD of the humeral head was assessed in the axial plane at the mid-glenoid level, as
confirmed in the sagittal plane. First, a circle was drawn, assuming a circular articular sur-
face of the humeral head. On the circle, two points should overlap the articular surface and
one point should overlap the greater tuberosity area. After obtaining the circle with the best
fit to the humeral head, the center was determined. Next, a line was drawn from the medial
end of the scapula to the midpoint of the glenoid fossa to indicate the transverse axis of the
scapula. Next, the distance between the center of the circle and the transverse axis of the
scapula was measured. PD was defined as the center of the circle located greater than 2 mm
posterior to the scapula (Fig. 1) (13).

Humeral rotation can cause thickness changes in the subscapularis muscles and tendons.
Furthermore, humeral rotation can cause PD of the humeral head (13). This rotation was
measured in the most cranial slice that showed a definitive outline of the bicipital groove on
the axial plane. First, the circle created when evaluating the PD was drawn. Second, two lin-
ear lines were drawn through the center of the circle: one parallel to the sagittal plane and
one through the bicipital groove. The angle between the two lines was defined as the humer-
al rotation (Fig. 2) (13, 15).

FD of the subscapularis muscle was assessed using the Goutallier classification on the Y-
view of the T1-weighted oblique sagittal plane, where the scapular spine is in contact with
the scapular body (16).

Visual grading and thickness measurements were used to estimate atrophy in the en-face
view in the T2 weighted oblique sagittal plane (3). The en-face view was defined as the image
in which the glenoid was largest and the base of the coracoid process was adjacent to the gle-
noid. For visual grading, a base-to-tip line (BTL) was drawn to connect the coracoid tip to the
glenoid base. Based on whether the position of the muscle and tendon exceeded the BTL,

they were classified into three grades: Grade I, both muscles and tendons above the BTL;

Fig. 1. Determining the posterior de-
centering of the humeral head. White
dot: center of the humeral head, white
line: transverse axis of the scapula.
This patient had posterior decentering
of the humeral head because the white
dot was located more than 2 mm pos-
terior to the white line.
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Fig. 2. Estimating the humeral rotation.
Two linear lines were drawn through
the center of the circle (white dot):
one parallel to the sagittal plane (A)
and one through the bicipital groove
(B). This patient showed 13.6° of hu-
meral external rotation.

Grade II, tendon only above the BTL; and Grade III, no subscapular structures above the
BTL. The thickness of the subscapularis was defined as the longest depth perpendicular to
the anatomical line connecting the superior and inferior poles of the glenoid (Fig. 3) (3). Ulti-
mately, we evaluated seven candidate imaging parameters consisting of a direct visual as-

sessment and six indirect parameters.

STATISTICAL ANALYSIS

Continuous variables are expressed as medians and ranges, and categorical variables are
expressed as numbers and percentages. Statistical analysis of MR parameters was performed
using the Mann-Whitney U test for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables. Logistic regression analysis was used in multivariate anal-
ysis to predict STT requiring repair. In the logistic regression, the odds ratio (OR) with a 95%
confidence interval (CI) was used to quantify the strength of the association between the two
events and to represent the constant effect of a predictor based on the likelihood of one out-
come. To concentrate our investigation on the clinical impact of indirect MR parameters, a
subgroup analysis was performed for patients without a visible STT on preoperative MRI. All
p-values < 0.05 were accepted as statistically significant. Interobserver agreement was evalu-
ated using an intraclass correlation coefficient (ICC) for continuous variables and a Cohen’s
Kappa coefficient (x value) for categorical variables. In addition, the 95% CI was calculated.
All statistical analyses were performed using MedCalc version 20.218 (Ostend, Belgium).

RESULTS

The detailed patient characteristics are shown in Table 1. The mean age of the enrolled 86
patients (46 male and 40 female) was 64.2 &= 7.6 years. The mean interval between MRI and
surgery was 3.0 & 3.0 weeks. Arthroscopic findings revealed that 36 (41.9%) patients had in-
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Fig. 3. En-face view of the T2-weighted oblique sagittal plane.
A. Example of grade | atrophy of subscapularis muscle. The subscapularis muscle and tendon exceed the
BTL (white line).

B. Example of grade Il atrophy shows tendon-only above the BTL.

C. Example of grade IIl atrophy shows no subscapularis structures above the BTL.

D. Thickness of the subscapularis muscle is measured within the extended anteroposterior glenoid pole
line (a), which is drawn perpendicular to the anatomical line connecting the superior and inferior poles of
the glenoid (b).

BTL = base-to-tip line, C = coracoid, G = glenoid, S = subscapularis muscle

>

tact subscapularis tendons, 19 (22.1%) had a less than the superior 1/3 tear, and 31 (36%) had

a more than the superior 1/3 tear. Lafosse type III or IV patients underwent surgical repair

using the single-row technique with one (n = 23, 74.2%) or two anchors (n = 8, 25.8%). There
were 33 cases (38.4%) of supraspinatus and infraspinatus tears, 52 cases (60.5%) of supraspi-
natus tears, and one case (1.2%) of infraspinatus tears. No patients had small rotator cuff
tears, 53 (61.6%) had medium-sized tears, and 33 (38.4%) had large-sized tears. All patients
underwent arthroscopic rotator cuff repair using the suture bridge technique (n =47, 54.7%),
single-row repair (n = 34, 39.5%), or double-row repair (n =5, 5.8%). Additional acromioplasty
was performed in 78 patients (90.7%).

The sensitivity, specificity, and accuracy of MRIs for detecting STTs were 48.4%, 87.3%, and
73.3%, respectively. Direct diagnosis (p < 0.001), LHBT pathology (p = 0.002), PD of the hu-
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Table 1. Patient Characteristics (n = 86)

Characteristic

Age (years) 642 £76
Sex (male/female) 46/40
Affected shoulder (right/left) 55/31
Time from MRI to surgery (weeks) 3.0+3.0
Subscapularis tear

Intact 36 (41.9)

Less than 1/3 19(22.1)

More than 1/3 31(36.0)
Subscapularis repair

Single row technique with one anchor 23(74.2)

Single row technique with two anchors 8(25.8)
Other RCT location

SSPonly 52 (60.5)

ISP only 1(1.2)

SSP +1SP 33(38.4)
Other RCT size

Medium 53(61.6)

Large 33(38.4)
Other RCT repair

Suture bridge technique 47 (54.7)

Single row 34(39.5)

Double row 5(5.8)

Values are presented as n (%) or mean £ standard deviation.
ISP =infraspinatus, RCT = rotator cuff tear, SSP = suprasupinatus

meral head (p = 0.012), FD (p < 0.001), and BTL grade (p = 0.003) were significantly correlated
with subscapularis tendon repair. However, humeral rotation and thickness of the subscapu-
laris did not differ between the two groups (p = 0.580 and p = 0.461, respectively) (Table 2). Ta-
ble 3 shows the multivariate logistic regression analysis with the enter method to identify the
most related independent predictors of STTs requiring surgical repair. Direct diagnosis (p =
0.039, OR = 2.06), PD of the humeral head (p =0.011, OR = 5.14), and FD (p = 0.046, OR = 2.81)
were independent predictors of STT.

Among patients without visible STT on preoperative MRI (n = 64), the PD of the humeral
head (p = 0.002) and LHBT pathology (p = 0.032) were independent predictors of occult STT.
The PD of the humeral head exhibited relatively high sensitivity and specificity for predicting
occult STT (81.3% and 75.0%, respectively). When using the LHBT pathology, the sensitivity
and specificity were 65.0% and 72.7%, respectively.

The x values and ICCs for interobserver agreement in assessing and estimating the MR pa-
rameters are presented in Table 2. Interobserver agreement was almost perfect for direct di-
agnosis (x = 0.83), LHBT pathology (x = 0.97), PD of the humeral head (x = 0.92), and FD (x =
0.82). The ICCs for interobserver reliability for measurements of humeral rotation and thick-

ness were 0.99 and 0.95, respectively. There was substantial agreement in the assessment of

https://doi.org/10.3348/jksr.2023.0050
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Subscapularis Repair (+)

Subscapularis Repair (-)

Interobserver Agreement

Parameters (n=31) (n=55) p-Value (95% CI)
Direct diagnosis 15 (48.4) 7(12.7) <0.001 k=0.83 (0.70-0.96)
LHBT pathology 13 (41.9) 7(12.7) 0.002 k=0.97 (0.91-1.00)
Posterior decentering of 17 (54.8) 15(27.3) 0.012 k=0.92 (0.84-1.00)
the humeral head
Humeral rotation (°) -4 (-41-24) -7 (-46-30) 0.580 ICC=0.99 (0.98-0.99)
Fatty degeneration <0.001 k=0.82(0.72-0.93)
Grade 0 10(32.3) 31(56.4)
Grade 12 (38.7) 24 (43.6)
Gradell 9(29.0) 0(0)
Atrophic change
BTL grade 0.003 k=0.72 (0.57-0.86)
Gradel 3(9.7) 25 (45.5)
Grade I 25 (80.6) 27 (49.1)
Grade lll 3(9.7) 3(5.5)
Thickness (mm) 7.9 (2.7-20.7) 9.0 (4.1-20.0) 0.461 ICC=0.95(0.93-0.97)

Values are presented as n (%) or mean (range).

BTL = base-to-tip line, CI = confidence interval, ICC = intraclass correlation coefficient, LHBT = long head of the biceps tendon

Table 3. Multivariate Logistic Regression Analysis to Predict Subscapularis Tendon Tears

Parameters Estimate  Standard Error Wald x? p-Value OR 95% Cl

Direct diagnosis 0.724 0.351 4.250 0.039* 2.06 1.04-4.11
LHBT pathology 0.966 0.707 1.867 0.172 2.63 0.66-10.51
Posterior decentering of the humeral head 1.638 0.644 6.467 0.011* 5.14 1.46-18.16
Humeral rotation -0.002 0.019 0.009 0.924 1.00 0.96-1.04
Fatty degeneration 1.035 0.519 3.977 0.046* 2.81 1.02-7.78
Atrophic change

BTL grade 1.134 0.640 3.136 0.077 311 0.89-10.91

Thickness 0.074 0.082 0.832 0.362 1.08 0.92-1.26

*Statistically significant.

BTL = base-to-tip line, Cl = confidence interval, LHBT = long head of the biceps tendon, OR = odds ratio

atrophic changes using the BTL grade (x=0.72).

DISCUSSION

Surgical repair of STT was not an uncommon procedure during arthroscopy for rotator

cuff tears, accounting for 36.0% (31/86) of the patients. Detecting these clinically significant

STT using MRI is challenging because of the low sensitivity of 48.4%, similar to the results of

previous studies (7, 10, 17).

Among the several previously proposed MR parameters, the PD of the humeral head was

the most influential predictor. It was also the best predictor of occult STT with high sensitivity

and specificity. Kim and Seo (13) were the first to report a significant relationship between the
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PD and STT. The results of the current study indicate that PD occurred more frequently in pa-
tients with high-grade STT, which is consistent with the findings of previous studies. The sub-
scapular is more closely involved in resisting posterior glenohumeral subluxation than the su-
praspinatus and infraspinatus-teres minor complexes (18). A previous biomechanical study
that showed that the upper half of the subscapularis significantly altered the biomechanics of
the shoulder and increased glenohumeral subluxation supports our findings (19).

Several previous studies have suggested that LHBT pathology on MRI may indicate the
presence of a STT requiring repair (12, 20, 21). This close relationship between the LHBT pa-
thology and STT could be explained by the anatomy of the biceps pulley. The biceps pulley is
formed by the union of the superior fibers of the subscapularis tendon, the coracohumeral
ligament, and the superior glenohumeral ligament (21). The current study demonstrated that
LHBT pathology was significantly associated with STT requiring repair in the univariate
analysis (p = 0.002), but not in the multivariate analysis (p = 0.172). In the subgroup analysis
of patients without a visible STT on preoperative MRI, this was a significant independent
predictor (p = 0.032). This may be due to the small sample size of the current study. Further
studies with larger sample sizes are required to clarify the usefulness of LHBT pathology in
predicting STTs.

In the current study, the median value of subscapularis thickness was smaller in patients
with clinically significant tears, but the difference was not statistically significant in the cur-
rent study (7.9 mm vs. 9.0 mm, p = 0.461). Scheibel et al. (22) reported no significant differ-
ence in the thickness of the lower portion of the subscapularis, and the thickness measured
in the en-face view seemed to have limitations in representing atrophic changes. It could be
explained that STTs begin in the upper portion along with atrophic changes (14, 23, 24).

Grading using the BTL is suitable for evaluating the volume of the upper portion of the
subscapularis. Therefore, the BTL grade appears to reflect the degree of STT in previous stud-
ies (3, 10). The current study demonstrated that BTL grade was significantly associated with
STT requiring repair in the univariate analysis (p = 0.003), but not in the multivariate analysis
(p = 0.077). This grading system is critical because friction of the subscapularis muscle can
be controlled by fluid collection in the subscapularis recess and subcoracoid bursa (25). This
fluid collection is associated not only with STT but also with other rotator cuff tears and rota-
tor interval tears (11, 26). In a previous study considering this fluid collection, BTL grade was
not a significant independent predictor of STTs (10).

When the rotator cuff tendon, including the subscapularis tendon, is ruptured, retraction
of the musculotendinous unit occurs, followed by atrophic changes and FD in the muscles (3,
16). Atrophic change and FD have been recognized as the same process, with a previous
study using ‘composite muscle atrophy and fatty infiltration grade’ as prognostic factor (27-
29). In addition, a previous three-dimensional measurement study demonstrated that an in-
crease in the proportion of fat, that is, high-grade FD, was likely driven by muscle atrophy
rather than an increase in fat mass (30). Therefore, the Goutallier classification is a grading
system that complexly reflects atrophy as well as FD. For this reason, FD using the Goutallier
classification better reflected the subscapularis muscle pathology associated with tendon
tears than atrophic changes using BTL in the current study.

Many studies have been conducted on indirect parameters to help diagnose STT using pre-
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operative MRI. As these parameters were correlated, it was necessary to conduct a multivari-
ate analysis. To the best of our knowledge, this is the first study to investigate independent
MR findings for predicting STT requiring repair. The current study suggests that evaluating
the PD of the humeral head and FD while investigating the STT on MRI will contribute to an
accurate diagnosis.

The current study had several limitations. First, there may be errors in drawing the line,
despite well-defined anatomical landmarks. However, in the current study, BTL grades ex-
hibited almost perfect to substantial agreement between the two readers. Although one of
the readers was a resident, the interobserver reliability was excellent. Further studies using
software with precise measurements are required to prevent measurement errors. Second,
the current study focused only on radiologic findings and did not analyze clinical features.
Although clinical tests are routinely performed, information on these tests is not available
because of the retrospective study design. It may be meaningful to conduct further evalua-
tions, including a correlation analysis between the clinical and MR parameters. Third, this
study used a small sample from a single institution. In addition, all inherent biases associ-
ated with the retrospective design were possible. Representatively, selection bias occurred
by including only a subset of patients who underwent arthroscopic repair of rotator cuff
tears. In selecting surgical candidates, surgeons considered the results of previously pub-
lished studies describing poor prognostic factors for surgical repair (16, 27, 28, 31). This se-
lection bias was likely the reason why patients with massive rotator cuff tears, severe FD, or
muscle atrophy were not included in the current study. A large-scale multicenter study
with a prospective design is necessary to enhance the reliability and objectivity of the cur-
rent results.

In conclusion, among various shoulder MRI parameters, PD of the humeral head and FD
could predict STT requiring surgical repair. In particular, PD of the humeral head was a sig-
nificant predictor of occult tears that were not detected on MRI. Interpretation of these find-

ings may contribute to the planning of optimal surgical strategies.
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