CiSE

Original Article

Clin Shoulder Elbow 2022;25(4):257-264
https://doi.org/10.5397/cise.2021.00710

Clinics in Shoulder and Elbow

elSSN 2288-8721

Risk factors of chronic subscapularis tendon tear

Hyung Bin Park'”, Ji Yong Gwark', Jae-Boem Na’

' Department of Orthopaedic Surgery, Gyeongsang National University School of Medicine and Gyeongsang National University Changwon Hospital,
Changwon, Korea

*Gyeongsang Institute of Health Sciences, Gyeongsang National University, Jinju, Korea

’Department of Radiology, Gyeongsang National University School of Medicine and Gyeongsang National University Hospital, Jinju, Korea

Background: Chronic subscapularis tendon tear (SBT) is a degenerative disease and a common pathologic cause of shoulder pain. Several
potential risk factors for chronic SBT have been reported. Although metabolic abnormalities are common risk factors for degenerative dis-
ease, their potential etiological roles in chronic SBT remains unclear. The purpose of this study was to investigate potential risk factors for
chronic SBT, with particular attention to metabolic factors.

Methods: This study evaluated single shoulders of 939 rural residents. Each subject undertook a questionnaire, physical examinations,
blood tests, and simple radiographs and magnetic resonance imaging (MRI) evaluations of bilateral shoulders. Subscapularis tendon integ-
rity was determined by MRI findings based on the thickness of the involved tendons. The association strengths of demographic, physical,
social, and radiologic factors, comorbidities, severity of rotator cuff tear (RCT), and serologic parameters for SBT were evaluated using lo-
gistic regression analyses. The significance of those analyses was set at p<0.05.

Results: The prevalence of SBT was 32.2% (302/939). The prevalence of partial- and full-thickness tears was 23.5% (221/939) and 8.6%
(81/939), respectively. The prevalence of isolated SBT was 20.2% (190/939), SBT combined with supraspinatus or infraspinatus tendon tear
was 11.9% (112/939). In multivariable logistic regression analysis, dominant side involvement (p<0.001), manual labor (p=0.002), diabetes
(p<0.001), metabolic syndrome (p<0.001), retraction degree of Patte tendon (p<0.001), posterosuperior RCT (p=0.010), and biceps tendon
injury (p<0.001) were significantly associated with SBT.

Conclusions: Metabolic syndrome is a potential risk factor for SBT, as are these factors: overuse activity, diabetes, posterosuperior RCT, in-
creased retraction of posterosuperior rotator cuff tendon, and biceps tendon injury.
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INTRODUCTION scapularis is the largest and most powerful of the rotator cuff

muscles and its importance in arm elevation outweighs that of
The function of the subscapularis muscle and the integrity of the ~ both the supraspinatus and infraspinatus [1,2]. Since 1934, when
subscapularis tendon are of great importance to shoulder func- Codman stated that the subscapularis accounted for merely 3.5%

tion. Providing approximately 50% of rotator cuff force, the sub- of 200 rotator cuff tears (RCTs), the prevalence of subscapularis
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tendon tear (SBT) has been considered to be much lower than
that of supraspinatus tendon tear [3]. An magnetic resonance
imaging (MRI) study of 2,167 patients with RCTs revealed a low
prevalence of SBT at 2%, of which partial and full-thickness tears
accounted for 27% and 73%, respectively [4]. In contrast, several
reports have shown the prevalence of SBT to be as high as 30% in
all arthroscopic shoulder surgeries and up to 49.4% in arthroscopic
rotator cuff procedures [5-7]. To the best of our knowledge, there
are no available reports regarding SBT prevalence in non-hospi-
talized populations.

Chronic SBT is a common pathologic cause of shoulder pain.
However, the etiology of chronic SBT remains incompletely un-
derstood. Several previous studies that focused mostly on ana-
tomical or radiological parameters have investigated potential
SBT risk factors, including subcoracoid stenosis [8], coracoid
process morphology (coracoid angle and coracoid distal length)
and greater humeral version [9], coracohumeral distance and
coracoid overlap [10,11], subscapularis tendon slip number [11],
lesser tuberosity cyst [12], coracohumeral index and coracogle-
noid inclination [13], and the size of posterosuperior RCT (PS-
RCT) and long head of biceps tendon (LHBT) tear [14]. Several
metabolic abnormalities or factors, including diabetes or hyper-
glycemia, dyslipidemia, and metabolic syndrome, have been re-
ported as risk factors for tendinopathy. However, studies investi-
gating the specific association of chronic SBT with metabolic fac-
tors, which are known risk factors for degenerative diseases, are
lacking. We hypothesized that metabolic factors are associated
with chronic SBT; therefore, the purpose of this study was to in-
vestigate potential risk factors for chronic SBT, with particular at-

tention to metabolic factors.

METHODS

This study was approved by the Institutional Review Board of
Gyeongsang National University Hospital (No. GNUH 2015-02-
001). Informed consent was obtained from the volunteers includ-

ed in this study.

Study Design

A survey of upper extremity morbidity was conducted with sup-
port from public health officers. The study cohort was comprised
of 1,149 uncompensated volunteers from the studied rural re-
gion. One of those recruited volunteers had an amputated shoul-
der; therefore, 2,297 shoulders were included in the study cohort.
Of these volunteers, study subjects were enrolled according to the
following inclusion and exclusion criteria. The inclusion criteria

were the completion of a written consent and of a questionnaire,
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physical examinations, fasting blood tests, and simple radio-
graphs (true anteroposterior, axillary lateral, and outlet views)
and MRI evaluations of bilateral shoulders. The exclusion criteria
were a lack of participation in shoulder MRI studies (n=17), a
relevant history of trauma (n=26), previous shoulder surgery
(n=13), glenohumeral joint osteoarthritis (n=12), calcific tendi-
nitis (n=15), frozen shoulder (n=9), and/or use of medications
that could affect serum lipid profiles (n=118). After exclusion, a
total of 939 enrolled subjects, of whom 462 were male and 477
were female with a mean age of 59.2 + 8.4 years, were included in
the study. Because several non-systemic variables are shoul-
der-related factors that would not affect both bilateral shoulders
similarly, only one shoulder per subject was included in the anal-
ysis as the studied side to evaluate the strength of associations
among variables. For subjects with either bilateral SBT or no SBT,
one shoulder was randomly included (using random number
generation by Excel). For each subject with unilateral SBT, only
the involved shoulder was included as the studied side (Fig. 1).
MRIs were performed using a 1.5-T scanner (Siemens Medical
Systems, Erlangen, Germany). Four sequences, each with a slice
thickness of 3 mm, a field of view from 15.9 to 18.0 cm, and one
excitation, were obtained as follows: (1) oblique sagittal T1-weight-
ed spin echo, (2) oblique sagittal T2-weighted turbo-spin-echo
(TSE) with fat saturation, (3) oblique coronal T2-weighted TSE
with fat saturation, and (4) axial T2-weighted TSE with fat satu-

ration. All MRIs were interpreted by one experienced musculo-

1,149 Volunteers composed the studied cohort

Inclusion criteria
* A questionnaire and an informed consent document
* Physical examinations of bilateral shoulders
* Radiographic and MRI evaluations of bilateral shoulders
« Fasting blood tests

A

Exclusion criteria
210 Volunteers excluded
* 17 Incomplete MRI data
* 26 Trauma history
* 13 Previous surgery
* 12 Shoulder osteoarthritis
* 15 Calcific tendinitis
* 9 Frozen shoulder
* 118 Medication that could affect lipid profiles

\ 4

939 Single shoulders of the 939 subjects enrolled
* Randomly chosen (using random number generation) single shoulders of
subjects with either bilateral or no subscapularis tendon tear, and the single

affected shoulders of subjects with unilateral subscapularis tendon tear

Fig. 1. Flowchart for inclusion and exclusion criteria for this study.
All 939 subjects met the authors’ inclusion and exclusion criteria.
MRI: magnetic resonance imaging.
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skeletal radiologist who was blind to the clinical findings (JBN).
Full thickness RCTs were diagnosed based on a discontinuity or
gap in the tendon or an increased signal intensity on T2-weight-
ed images, extending from the articular to the bursal surfaces.
Partial thickness RCTs were diagnosed based on partial high in-
tensity in the rotator cuff tendon or on a slight increase in signal
intensity in the cuff tendon, without a definite defect on either
the intra-articular or the bursal side. Biceps tendon injuries were
determined by MR, then classified as partial or complete tear, or
subluxation. Partial biceps tendon tear was identified by in-
creased intra-tendinous T2-weighted signal intensity. A complete
tear was identified by absence of the LHBT intra-articularly or
within the bicipital groove. Subluxation was identified by dis-
placement of the LHBT from the bicipital groove [15].

The studied variables were as follows. The demographic or
general physical factors included age, sex, waist circumference,
and dominant side involvement. The social factors included to-
bacco smoking, alcohol use, and manual labor and the comor-
bidities included diabetes, hypertension, metabolic syndrome,
and dyslipidemia. Previous diagnoses of diabetes and hyperten-
sion were accepted. New diagnoses were made during the study
using current standards for blood test and blood pressure find-
ings as follows: diabetes, by serum levels of glycated hemoglobin
(HbAlc) 26.5% or of fasting glucose >126 mg/dL [16] and hy-
pertension, by blood pressure >140 mmHg in systolic or >90
mmHg in diastolic [17]. Clinical identification of metabolic syn-
drome involved meeting at least three of these five criteria: (1)
fasting plasma glucose level >100 mg/dL or use of antidiabetic
medication, (2) systolic blood pressure =130 mmHg or diastolic
blood pressure >85 mmHg, or use of antihypertensive medica-
tion, (3) serum triglyceride (TG) level =150 mg/dL, (4) serum
high-density lipoprotein (HDL) level <40 mg/dL for men or
<50 mg/dL for women, and (5) waist circumference >90 cm for
men or >85 cm for women [18,19]. The serological factors were
cholesterol, TG, low-density lipoprotein (LDL), HDL, non-HDL
(non-HDL), and TG/HDL 2 3.5. Dyslipidemia was determined,
using these criteria: hypercholesterolemia (total cholesterol >200
mg/dL), hyper-LDLemia (LDL =100 mg/dL), hyper-TGmia (TG
>150 mg/dL), hypo-HDLemia (HDL <40 mg/dL for men and
<50 mg/dL for women), and hyper-non-HDLemia (non-HDL
>130 mg/dL) [20].

Factors related to tear chronicity detected on MRI were Patte
retraction degree [21], global fatty degeneration index [22],
Goutallier grade of infraspinatus [23], tangent sign [24], and oc-
cupation ratio [25]. The radiographic factor was superior dis-
placement of the humeral head [26]. The factors related to ten-

don involvement were posterosuperior cuff tear and biceps ten-
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don injury. These factors and their prevalence are summarized in
Table 1.

Data Analysis

The prevalence and 95% confidence intervals (CIs) of SBTs were
analyzed. Using univariate logistic regression analyses, the odds
ratios and 95% ClIs were calculated to identify any association
between SBT and the studied variables. Then, multivariable lo-
gistic regression analyses, using only the significant variables
identified in the univariate analyses, were performed. Multivari-
able logistic regression analysis was performed after assessment
of multicollinearity using factors with both a variance inflation
factor and a condition index <10, indicating no multicollinearity
[27]. The goodness of fit for a multivariable logistic regression
model was determined using the Hosmer-Lemeshow test. All
statistical analyses were performed using the IBM SPSS ver. 24.0
(IBM Corp., Armonk, NY, USA). The significance of the logistic
regression analyses and the Hosmer-Lemeshow test were set at
p<0.05.

RESULTS

The prevalence of SBT among enrolled subjects was 32.2%
(302/939); among subjects with overall RCT, it was 74.6%
(302/405). The prevalence of SBT when isolated, when combined
with PSRCT, and in relation to tear thicknesses is summarized in
Table 2. In univariate analyses, age, male sex, dominant side in-
volvement, manual labor, diabetes, metabolic syndrome, TG/
HDL =3.5, Patte retraction degree, global fatty degeneration in-
dex, Goutallier grade, occupation ratio, PSRCT, and biceps ten-
don injury were significantly associated with SBT (p <0.006) (Ta-
ble 3).

In multivariable analysis, dominant side involvement, manual
labor, diabetes, metabolic syndrome, Patte retraction degree, PS-
RCT, and biceps tendon injury were significantly associated with
SBT (p<0.041) (Table 4). The p-value of the Hosmer-Lemeshow
test was 0.427, indicating a good fit.

DISCUSSION

A notable finding of this study is that metabolic syndrome is a
significantly associated factor for SBT, as are the following previ-
ously-reported significantly associated factors: dominant side in-
volvement, manual labor, diabetes, Patte retraction degree, PS-
RCT, and biceps tendon injury. Metabolic syndrome is a well-
known risk factor for various degenerative diseases, among

which are cardiovascular disease, stroke, diabetes, osteoarthritis,
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Table 1. The summary of demographic data, prevalence, mean or median for each of studied variables

Characteristics Subscapularis tendon tear group (n=302) Subscapularis tendon intact group (n=637)
Age (yr) 60.53+8.43 58.63+£8.30
Male 174 (57.6) 288 (45.2)
Waist circumference (cm) 84.82+8.80 83.94+8.39
Dominant side involvement 172 (57.0) 266 (41.8)
Smoking 119 (39.4) 242 (38.0)
Alcohol 201 (66.6) 417 (65.5)
Manual labor 228 (75.5) 424 (66.6)
Diabetes 78 (25.8) 91 (14.3)
Hypertension 73 (24.2) 147 (23.1)
Metabolic syndrome 138 (45.7) 178 (27.9)
Serum lipid level (mg/dL)
Cholesterol 191.5+33.2 195.7+32.3
TG 109 (81-150) 107 (79-148)
LDL 133.10+£28.7 131.8+31.1
HDL 54.0 (45.0-62.0) 56.0 (46.0-66.0)
Non-HDL 145.1+30.5 141.3+28.9
Prevalence of dyslipidemia
Hyper-cholesterolemia 138 (45.7) 263 (41.3)
Hyper-TGmia 109 (36.1) 181 (28.4)
Hyper-LDLemia 246 (81.5) 505 (79.3)
Hypo-HDLemia 83 (27.5) 167 (26.2)
Hyper-non-HDLemia 195 (64.6) 398 (62.5)
TG/HDL >3.5 88(29.1) 126 (19.8)
Patte grade 1.1+1.0 0.7+1.1
Global fatty degeneration index 0.33 (0.33-0.66) 0.33 (0.33-0.66)
Goutallier grade 1.00 (0.00-1.10) 1.00 (0.00-1.00)
Tangent sign 48 (15.9) 87 (13.7)
Occupation ratio grade 0.00 (0.00-0.00) 0.00 (0.00-0.00)
Superior displacement of humeral head 48 (15.9) 90 (14.1)
Posterosuperior cuff tear 135 (44.7) 167 (26.2)
Biceps injury 101 (33.4) 106 (16.6)

Values are presented as mean + standard deviation, number (%), or median (interquartile range).
TG: triglyceride, LDL: low-density lipoprotein, HDL: high-density lipoprotein.

Table 2. Prevalences of SBT among enrolled subjects

Prevalence Enrolled subject (n=939) 95% CI
SBT 32.2(302/939) 32.17-32.23
Partial-thickness SBT 23.5(221/939) 23.47-23.53
Full-thickness SBT 8.6 (81/939) 8.58-8.62
Isolated SBT 20.2 (190/939) 20.17-20.23
SBT with PSRCT 11.9 (112/939) 11.88-11.92
Among SBT subjects (n=302)
Partial-thickness SBT 73.2 (221/302) 73.17-73.23
Full-thickness SBT 26.8 (81/302) 26.77-26.83
Isolated SBT 62.9 (190/302) 62.86-62.93
SBT with PSRCT 37.1(112/302) 37.07-37.12
Among over all RCT subjects (n=405)
SBT 74.6 (302/405) 73.57-74.63

Values are presented as percent (number).
SBT: subscapularis tendon tear, CI: confidence interval, PSRCT: posterosuperior rotator cuff tear, RCT: rotator cuff tear.
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Table 3. Factors significantly associated with subscapularis tendon
tear in univariate analyses

Studied variable Odds ratio (95% CI)  p-value
Age (yr) 1.03 (1.01-1.05) 0.001
Male 1.65 (1.25-2.17) <0.001
Dominant side involvement 1.85 (1.40-2.43) <0.001
Manual labor 1.55(1.14-2.11) 0.006
Diabetes 2.09 (1.49-2.94) <0.001
Metabolic syndrome 2.17 (1.63-2.89) <0.001
TG/HDL >3.5 1.67 (1.22-2.29) 0.001
Retraction degree of Patte 2.55(1.91-3.39) <0.001
Global fatty degeneration index 2.01 (1.36-2.96) <0.001
Goutallier grade 1.32(1.05-1.68) 0.020
Occupation ratio 1.70 (1.07-2.72) 0.025
Posterosuperior RCT 2.28 (1.71-3.03) <0.001
Biceps tendon injury 2.52 (1.83-3.46) <0.001

CIL: confidence interval, TG: triglyceride, HDL: high-density lipopro-
tein, RCT: rotator cuff tear.

Table 4. Factors significantly associated with subscapularis tendon
tear in multivariable analysis

Studied variable QOdds ratio (95% CI) p-value
Dominant side involvement 2.00 (1.45-2.76) <0.001
Manual labor 1.75 (1.24-2.48) 0.002
Diabetes 2.80(1.90-4.12) <0.001
Metabolic syndrome 2.05 (1.50-2.84) <0.001
Retraction degree of Patte 2.03 (1.48-2.83) <0.001
Posterosuperior RCT 1.67 (1.15-2.71) 0.010
Biceps tendon injury 2.12(1.36-2.93) <0.001
Hosmer-Lemeshow test - 0.427

CI: confidence interval, RCT: rotator cuff tear.

and Achilles enthesopathy [28-30]. Metabolic syndrome has also
been reported as significantly associated with PSRCT [31]. The
current study found, by multivariable analysis and after adjust-
ment for the PSRCT variable, that metabolic syndrome is an in-
dependently associated factor for chronic SBT. This finding sug-
gests that the degenerative effect of metabolic syndrome, evident
on PSRCT and other tendon tears, also heightens the risk of SBT
[30,31]. This finding strongly suggests that metabolic syndrome
is a risk factor for SBT. The molecular mechanism and the patho-
physiology of that association have not been determined; there-
fore, future research is needed to clarify the underlying molecular
mechanisms and the effect of metabolic syndrome on subscapu-
laris tendon degeneration or tendinopathy.

The prevalence of SBT was found by one cadaveric study to be
37% and also found that all tears were articular side partial tears
[32]. According to studies based on arthroscopic findings, the

prevalence of SBT was from 27% to 49.4% in all shoulder ar-
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throscopy recipients [5,7]. Several previous studies have reported
that SBT was frequently associated with PSRCT [33,34]. One
study reported that intra-articular partial SBT was detected in
19% of patients who had arthroscopy and that SBT was signifi-
cantly associated with supraspinatus and infraspinatus tendon
tears [35]. One MRI study of patients visiting a hospital reported
about 80% of the SBTs as being combined with PSRCT [4]. In the
current study, SBT was significantly associated with PSRCT; the
prevalence of SBT in overall RCT was 74.6%. The current study
confirmed previous findings that SBT is frequently associated
with PSRCT.

The current study found dominant-side involvement to be a
significantly associated factor of SBT. Most previous relevant
studies reported the greater prevalence of RCT on the dominant
side [31,36]. No relation between hand dominance and SBT was
found by Mehta et al. [37]; however, the study design differed
from that of the present study by including asymptomatic SBT
patients. In the present study, which included subjects with either
symptomatic or asymptomatic SBT, the involvement of the dom-
inant side was identified as a risk factor for SBT, similar to its role
in PSRCT [31]. In addition, manual labor was significantly asso-
ciated with SBT in the present study. Previous epidemiologic
studies indicated high prevalence of RCT among manual labor-
ers, including agricultural workers. Some previous biomechani-
cal studies suggested that manual labor activities, including sus-
tained or repeated arm abduction, heavy lifting or carrying, high
task repetitiveness, and physical exertion, are associated with PS-
RCT [38]. Findings in this study suggest that repetitive manual
activity or overuse are a common cause of tendon degeneration
and are involved in the development of SBT, similarly as in PS-
RCT.

The main finding of this study that diabetes is strongly associ-
ated with SBT is consistent with the findings of several previous
studies that noted diabetes as a risk factor for RCT and for retear
after rotator cuff repair [39,40]. One previous study reported a
significant association between hyperglycemia and Achilles ten-
don tendinopathy and found insulin resistance, an aspect of met-
abolic syndrome, to be a risk factor for tendinopathy [41]. Ac-
cording to another report, even plasma glucose levels at the high
end of the normal range may be a risk factor for RCT [42]. On
the molecular level, hyperglycemia induces oxidative stress and
cytokine production, which lead to inflammation and result in
damage to various tissues [43]. Hyperglycemia alters collagen
structure through a glycation process, and it also reduces proteo-
glycan levels through decreased synthesis or sulfation of glycos-
aminoglycans [44,45]. These molecular mechanisms may affect

tendon degeneration, including SBT. Results of the current study

261



Hyung Bin Park, et al. Metabolic syndrome and subscapularis tear

are consistent with and support the findings of previous studies
regarding the association of diabetes with tendinopathy or ten-
don tear.

In this study, Patte retraction degree was significantly associat-
ed with SBT. The retraction degree has been reported to be sig-
nificantly associated with supraspinatus muscle atrophy, which
could explain the tear severity and/or tear chronicity of supraspi-
natus tear that is associated with SBT [46]. Mehta et al. [37] re-
ported that SBT and LHBT pathology are significantly related to
the size of the PSRCT. The results from this study confirm those
of previous studies and they support the finding that chronic PS-
RCT is a potential risk factor for SBT.

Several studies reported that lesions of the LHBT are signifi-
cantly associated with SBT [7,32,47]. Chen et al. [48] reported
that 97% of RCTs with subscapularis tendon involvement are
combined with LHBT lesions. Several MR studies have reported
that medial subluxation or dislocation of the LHBT is associated
with SBT [47,49]. Hidden biceps tendon instability has also been
reported as a factor associated with SBT [50]. One study reported
a sentinel sign, in which biceps tendon scuffing, abrasion, or par-
tial tear of the anterior portion can serve as a warning to clini-
cians about the presence of SBT [51]. The present study confirms
the results of previous studies that found that SBT is significantly
associated with biceps long head lesions.

This cross-sectional study has some limitations. Subjects in-
cluded volunteers only, and they may not have been representa-
tive of the entire local population. Agricultural workers made up
a major portion of this cohort, and their characteristics may not
be generalizable to other populations in other locations. This
study did not evaluate differences in ethnic backgrounds, family
histories, educational attainments, or activity levels. SBT and bi-
ceps tendon injury were diagnosed by 1.5-T MRI, which has
been reported to have less diagnostic accuracy than arthroscopy
or 3.0-T MRI [14,52]. To minimize the compound variable effect,
subjects being medicated with any lipid-lowering drug were ex-
cluded, which might affect the study results through reduction of
the sample size. However, because supplemental analyses con-
ducted without that exclusion yielded similar results, the exclu-
sion potential for bias is likely to be small and acceptable (Sup-
plementary Table 1). Metabolic syndrome is a potential risk fac-
tor for SBT, as are these factors: overuse, diabetes, PSRCT, in-
creased retraction of posterosuperior rotator cuff tendon, and bi-

ceps tendon injury.
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SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.org/10.
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