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Background: The purpose of this study was to demonstrate the differences in shoulder muscle strength, cross-sectional area of the rotator cuff
muscles, acromiohumeral distance, and supraspinatus tendon thickness between symptomatic and asymptomatic patients with rotator cuff tears.
Methods: Thirty-two symptomatic patients and 23 asymptomatic patients with rotator cuff tears participated in this study. Data of the pa-
tients with any type of tear and supraspinatus tear were analyzed. We evaluated the isometric torque, cross-sectional area of the rotator cuff
muscles, supraspinatus tendon thickness, acromiohumeral distance, range of motion, and Western Ontario Rotator Cuff Index.
Results: Asymptomatic patients showed greater isometric torque of shoulder abduction and internal rotation than symptomatic patients with
any type of tear (P � .01). Asymptomatic patients also demonstrated greater cross-sectional area of the supraspinatus (P < .01); however,
there was no significant difference in the cross-sectional area of the other cuff muscles. There was also no significant difference in the supra-
spinatus tendon thickness (P ¼ .10). The acromiohumeral distance at 90� of shoulder abduction was larger (P ¼ .04) in asymptomatic pa-
tients. Additionally, similar tendencies were observed in the results of patients with supraspinatus tears, except for the isometric torque of
shoulder external rotation. This torque was greater (P < .01) in asymptomatic patients.
Conclusion: Asymptomatic patients showed greater shoulder range ofmotion,muscle strength of shoulder abduction and internal rotation, small
occupation ratio of supraspinatus tendon thickness as a percentage of acromiohumeral distance, and large cross-sectional area of supraspinatus.
Level of Evidence: Level III; Case-Control Design; Prognosis Study
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Rotator cuff tear (RCT) is a degenerative disease asso-
ciated with pain and muscle weakness due to a deficit in the
function of the rotator cuff, and it occurs in 50% of the
population aged 65 years and older.23,31 It has been re-
ported that some patients experience no pain despite the
RCT.5,9,23,30,31 Previous studies have demonstrated that the
tear size, atrophy, and fatty degeneration deteriorate over
time after the RCT.3,6,18,20,25 Therefore, the goal of con-
servative rehabilitation for symptomatic patients with RCT
could be set to improve shoulder function to the level of the
asymptomatic patients, because it would be difficult to
expect recovery of full function after a torn rotator cuff. In
the context of the difference in shoulder function between
symptomatic and asymptomatic patients with RCT, prior
studies have reported that asymptomatic patients exhibited
greater muscle strength for shoulder flexion, abduction, and
external rotation than symptomatic patients.1,30 Kelly
et al11 measured muscle contraction during shoulder
flexion, and their results showed that asymptomatic patients
exhibited less muscle contraction of the supraspinatus
(SSP), infraspinatus (ISP), and upper fibers of the trapezius.
Moreover, Shinozaki et al27 reported that asymptomatic
patients demonstrated greater muscle contraction of the
anterior and middle fibers of deltoid and less muscle
contraction of the upper fibers of the trapezius during arm
elevation in the scapular plane. Relative to the scapular
movement, Kijima et al12 and Yamaguchi et al29 revealed
that there was no significant difference in the scapular ki-
nematics during arm elevation between symptomatic and
asymptomatic patients. Additionally, according to the pro-
spective cohort studies, analyzing the factors related to the
pain development in asymptomatic shoulder with RCT,
Mall et al17 found that shoulder external rotation strength
did not correlate with pain development. Moosmayer et al24

reported that asymptomatic patients showed weak shoulder
strength of flexion and abduction, which were similar to
that of symptomatic patients. However, it is unclear
whether the shoulder strength of the symptomatic patients
with RCT was truly weaker or not, compared with the
asymptomatic patients, because the pain would affect the
measurements of the muscle strength and muscle contrac-
tion. The unaffected rotator cuff in RCT patients hyper-
trophied to compensate the lost function caused by
RCT.13,21 Hence, it is thought that this is a compensatory
mechanism aiming the improvement of shoulder function
in asymptomatic patients. Therefore, it is necessary to
evaluate not only the shoulder strength but also the cross-
sectional area (CSA) of rotator cuff in symptomatic and
asymptomatic patients with RCT. As far as we know, there
is no study conducted yet to evaluate these parameters.

Subacromial impingement is one of the mechanisms of
shoulder pain in RCT patients as it leads the pressure on the
rotator cuff tendon and subacromial bursa. Baumer et al1

investigated the acromiohumeral distance (AHD) during
arm elevation in asymptomatic patients with RCT and
compared it to that of healthy people in a control group.
Their results showed that the AHD of the asymptomatic
patients was smaller, but this difference was not of any
statistical significance. However, they did not compare the
AHD of asymptomatic and symptomatic patients with
RCT. Likewise, the swelling of the SSP tendon might cause
subacromial impingement syndrome. Michener et al22

examined the tendon thickness of SSP in shoulder
impingement patients and healthy subjects and found that
patients with impingement syndrome showed swelling of
the SSP tendon. However, there has been no previous study
comparing the tendon thickness of SSP between asymp-
tomatic and symptomatic patients with RCT.

The purpose of the present study was to evaluate the
shoulder strength, CSA of the rotator cuff muscles, AHD,
and tendon thickness of the SSP in asymptomatic patients
with RCT and to compare them to those of symptomatic
patients. We hypothesized that the asymptomatic patients
showed larger CSA of the unaffected rotator cuff, thinner
tendon thickness of SSP, and greater AHD, which could all
contribute to the condition of having no pain.
Materials and methods

Participants

Symptomatic patients with RCT were recruited at the Nobuhara
Hospital from August 2017 to May 2018. We included patients
with more than 90� of active shoulder abduction. The exclusion
criteria were surgical history, rheumatoid arthritis, cervical spine
disease, and neurologic lesions. Besides, we excluded the patients
with the SSP tendon retracted to the medial side of the
anatomic neck of humerus. Asymptomatic shoulders were the
unaffected side in patients who received medical treatment for
their shoulder disease at the Nobuhara Hospital. Additionally, an
asymptomatic shoulder was defined as a shoulder without any pain
at all during the previous 3 months before the measurements. All
RCTs were examined with MRI (APERTO Eterna; Hitachi
Medical Corporation, Tokyo, Japan). We calculated the sample
size using G* power 3.1 software (Heinrich Heine University,
Duesseldorf, Germany), and the results showed that 52 subjects
were required for our study (effect size ¼ 0.8, a ¼ 0.05, power ¼
0.8). We also examined data of the patients with SSP tear to
normalize the size of the torn rotator cuff.

CSA and muscle strength

The CSA of rotator cuff muscles was analyzed by T2-weighted
oblique sagittal-plane MRI, in which the scapular spine and
coracoid process lead to the Y-section, following experience of
previous studies (Fig. 1).10,28,32 We calculated the CSA of the SSP,
ISP, subscapularis (SSC), and teres minor (TM) using ImageJ
(National Institutes of Health, Bethesda, MD, USA). To normalize
the data for body size, we used the ratio of the SSP muscle CSA
divided by the CSA of the SSP fossa for data analysis, following
the Fuch et al method.4 Shoulder isometric strength was assessed
using m-tas F1 (Anima Corporation, Tokyo, Japan) with a belt,
which was reported in the previous studies.2,7,14 We used the
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Figure 1 CSA measurements in the rotator cuff muscles. The
CSA of rotator cuff muscles is indicated with yellow solid lines,
and the CSA of the supraspinatus fossa is marked by the red
dotted line. CSA, cross-sectional area; SSP, supraspinatus; ISP,
infraspinatus; SSC, subscapularis; TM, teres minor.
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Figure 2 Measurement of SSP tendon thickness. The tendon
thickness of the SSP is defined as the length of the vertical line
(red line) at the anatomic neck of the humerus on T2-weighted
oblique sagittal-plane magnetic resonance image at the middle
point of the acromion. SSP, supraspinatus.
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average data of 3 trials of isometric contractions for 3 seconds.
Muscle strength was measured in 30� of shoulder abduction,
shoulder external rotation, and internal rotation at an arm-depen-
dent position with the forearm kept neutrally. To calculate the
isometric torque, we multiplied shoulder strength and length of the
upper limb (from the acromion to the radial styloid process) for
shoulder abduction, and shoulder strength and length of the
forearm (from the lateral epicondyle of the humerus to the radial
styloid process) for shoulder rotation. Additionally, shoulder iso-
metric torque was divided by the body weight for data analyses.
Enlargement of SSP tendon and AHD

The tendon thickness of the SSP was measured as the length of the
perpendicular line at the anatomic neck of the humerus on a T2-
weighted oblique coronal-plane MRI at the middle point of the acro-
mion (Fig. 2).We quantified the AHD in the B-mode images taken by
ultrasonography (UF-450AXBettius, FukudaDenshiCo.Ltd., Tokyo,
Japan), equipped with a 38-mm linear array transducer (7 MHz),
following prior studies’ experiences.15,19,26 Measurements were done
twice; the average of the values was calculated and used for the sub-
sequent analysis. For this measurement, subjects were asked to relax
and place their hand on the lap (resting position; ABD 0�), and then
subjects held their arm at 90� in shoulder abduction and external
rotation (ABD 90�). To scan the images, the probe was set vertical to
the lateral side of the acromion, at the middle point between the
anterior edge of the acromion and the acromial edge.We evaluated the
occupation ratio of SSP tendon thickness as a percentage of AHD
(ABD 90�), which was calculated in reference to a previous study.22
This ratio was calculated by the following formula: (tendon thick-
ness / AHD) � 100.

Clinical outcomes

We measured the active shoulder range of motion (ROM) in
flexion, abduction, external rotation (arm-dependent position), and
the distance between the spinous process of C7 to thumb, with the
patient’s hand behind the back (C7 to thumb). Pain was also
evaluated during these examinations. The subjective shoulder
function was assessed by Western Ontario Rotator Cuff (WORC)
Index. This index consists of 21 questions in 5 domains (physical
symptoms, sports and recreation, work, lifestyle, and emotion),
which score 0-100 (highest score is 2100, which indicates worst
shoulder function). It is reported that the WORC index is a valid
and reliable measurement scale.16

Intraclass correlation coefficients

To demonstrate the intraclass correlation coefficients (ICC) for the
measurement in this study,we calculated the intrarater reliability and
standard error of measurement (SEM) in 12 shoulders of 6 healthy
male subjects (age 25.8 � 3.2 years). ICC calculation used the
average data for ROM in 1 measurement, isometric muscle strength
measured 3 times, tendon thickness of SSP measured twice, and
AHD measured twice, with a 1-week period in between. The SEM
was calculated using the following formula: SEM ¼ SD

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ICC
p

.
All the measurements were performed by a physical therapist, who
had been working at an orthopedic hospital for 12 years and was
experienced in musculoskeletal ultrasonographic scanning.

Statistical analysis

We used the SPSS version 22 (IBM, Armonk, NY, USA) for all
statistical analyses. The normal distribution of all data was



Table I Comparison of the characteristics between asymptomatic and symptomatic RCT patients

Asymptomatic RCT (n ¼ 23) Symptomatic RCT (n ¼ 32) P value

Sex,* n .37
Male 15 17
Female 8 15

Age, yr, mean � SD 67.0 � 6.5 65.7 � 6.5 .45
Height, cm, mean � SD 160.6 � 9.6 161.0 � 7.4 .85
Body mass, kg, mean � SD 58.6 � 16.8 60.9 � 9.6 .55
Partial-thickness tear,* n 13 10 .06
Involved tendon tear in rotator cuff,*n .31
SSP 19 21
SSP þ ISP 3 4
SSC þ SSP 0 3
SSC þ SSP þ ISP 1 4

RCT, rotator cuff tear; SD, standard deviation; SSP, supraspinatus; ISP, infraspinatus; SSC, subscapularis.
* Chi-square test (other differences were analyzed with a Student t test).
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checked using the Shapiro-Wilk test. The measurement data be-
tween symptomatic and asymptomatic RCT patients were
compared using Student t test and Mann-Whitney U test. To
indicate the difference in the 2 groups, we calculated the average
values, standard deviation, 95% confidence interval for differ-
ences, P values, and effect size (Cohen d8). An effect size of 0.2
was considered a ‘‘small’’ effect, 0.5 was considered a ‘‘medium’’
effect, and more than 0.8 was considered a ‘‘large’’ effect. The
level of statistical significance was set at .05.
Results

Thirty-two symptomatic RCT patients and 23 asymptom-
atic RCT patients met our inclusion criteria (Table I). There
were 19 shoulders (82%) with SSP tears, 3 shoulders (13%)
with SSP and ISP tears, and 1 shoulder with SSC, SSP, and
ISP tears in the symptomatic RCT group. In contrast, there
were 21 shoulders (65%) with SSP tears, 4 shoulders (12%)
with SSP and ISP tears, 3 shoulders (9%) with SSC and
SSP tears, and 4 shoulders (12%) with SSC, SSP, and ISP
tears in the asymptomatic RCT group. As for the tear type,
partial-thickness tear was described in 10 asymptomatic
(31%) and 13 symptomatic (56%) patients (P ¼ .06). In the
symptomatic RCT group, the average duration of symp-
toms was 11.8 months (range 1-120 months), and 20 pa-
tients (63%) had a history of trauma. Furthermore, there
were 11 patients (34%) who experienced pain at rest, 26
patients (81%) with pain at night, and 30 patients (93%)
with movement-evoked pain.

To normalize the tear size of the rotator cuff, we
analyzed the data in patients with SSP tear. There were 21
symptomatic patients (age: 64.0 � 6.2 years; sex: 10 male
and 11 female; height: 161.3 � 7.7 cm; body mass: 62.8 �
9.6 kg) and 19 asymptomatic patients (age: 67.1 � 6.1
years; sex: 14 male and 5 female; height: 161.6 � 10.0 cm;
body mass: 58.5 � 18.4 kg). Partial-thickness tear was
described in 10 symptomatic (47%) and 5 asymptomatic
(26%) patients (P ¼ .16). In symptomatic patients with SSP
tear, the average duration of symptoms was 11.3 months
(range 1-120 months), and 13 patients (61%) had history of
trauma. Seven patients (33%) suffered from pain at rest, 16
patients (76%) suffered from pain at night, and 20 patients
(95%) suffered from movement-evoked pain.

Intraclass correlation coefficients

The ICC and SEM for all measurements are shown in
Table II. The ICC values for ROM measurements varied
from 0.77 to 0.95, and for the isometric muscle strength
measurements from 0.86 to 0.97. The ICC values for AHD
measurements (ABD 0� and ABD 90�) were 0.85.

The SEM for ROM measurements ranged from 1.9-3.5
degrees, and for C7 to thumb SEM was 1.7 cm. For the
isometric muscle strength measurements, SEM was be-
tween 3.6 and 5.6 N. Lastly, the SEM for AHD measure-
ments (ABD 0� and ABD 90�) was 0.4 and 0.5 mm,
respectively.

Comparison between asymptomatic and symptom-
atic patients with any type of RCT

The measurement data of patients with any type of RCT are
shown in Table III. Symptomatic patients demonstrated less
range of motion compared with the asymptomatic patients
in all directions (P � .03), and they reported movement-
evoked pain in shoulder flexion (n ¼ 8, 25%), shoulder
abduction (n ¼ 24, 75%), shoulder external rotation (n ¼ 1,
3%), and C7 to thumb (n ¼ 10, 31%). Conversely, no
subjects from the asymptomatic group had movement-
evoked pain.

As for the isometric torque, asymptomatic patients
showed greater torque in shoulder abduction and shoulder



Table II Intrarater reliability for all measurements

ICC SEM

ROM
Flexion 0.77� 2.9�

Abduction 0.95� 1.9�

External rotation 0.78� 3.5�

C7 to thumb, cm 0.87 1.7
Isometric muscle strength, N

Abduction 0.86 4.7
External rotation 0.93 3.6
Internal rotation 0.97 5.6

AHD, mm
AHD (ABD 0�) 0.85 0.4
AHD (ABD 90�) 0.85 0.5

ROM, range of motion; ABD, abduction; AHD, acromiohumeral dis-

tance; ICC, intraclass correlation coefficients; SEM, standard error for

measurements.
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internal rotation compared with the symptomatic patients
(P � .01). There was no significant difference in isometric
torque in shoulder external rotation between 2 groups (P ¼
.06, effect size ¼ 0.41).

Likewise, symptomatic patients reported pain during
muscle strength examination in shoulder abduction (n ¼ 19,
59%), shoulder external rotation (n ¼ 8, 25%), and shoul-
der internal rotation (n ¼ 5, 15%). No asymptomatic pa-
tients reported pain during the muscle strength
examination.

The CSA of SSP in the asymptomatic group was greater
(asymptomatic vs. symptomatic patients, 0.90 vs. 0.72; P <
.01). However, no significant differences were found in the
CSA of ISP, SSC, and TM (effect size: ISP 0.23, SSC 0.15,
TM 0.04).

The tendon thickness of SSP was 4.9 mm in asymp-
tomatic patients and 5.5 mm in symptomatic patients. This
difference did not reach the statistical level (P ¼ .10, effect
size ¼ 0.44).

There was no significant difference in AHD (ABD 0�)
(P ¼ .69); however, symptomatic patients showed smaller
AHD (ABD 90�) (symptomatic vs. asymptomatic; 8.0 vs.
8.8 mm, P ¼ .04).

In regard to the occupation ratio of the SSP tendon
thickness as a percentage of AHD (ABD 90�), there was a
significant difference between the asymptomatic (56.4%)
and symptomatic groups (71.4%) (P < .01).
Comparison between asymptomatic and symptom-
atic patients with SSP tear

The results for SSP tear patients are shown in Table Ⅳ. In
the ROM measurements, some of the symptomatic patients
had movement-evoked pain in shoulder flexion (n ¼ 5,
23%), shoulder abduction (n ¼ 16, 76%), and C7 to thumb
(n ¼ 7, 33%). Also, while measuring isometric torque, the
pain occurred in shoulder abduction (n ¼ 13, 61%),
shoulder external rotation (n ¼ 7, 33%), and shoulder in-
ternal rotation (n ¼ 3, 14%).

The results in the patients with SSP tear demonstrated
the same tendency as those of the patients with any type of
RCT, except for isometric torque of shoulder external
rotation. The isometric torque of shoulder external rotation
in asymptomatic patients was greater compared with the
symptomatic patients (P < .01).
Discussion

We compared the shoulder isometric strength, CSA, AHD,
tendon thickness, ROM, and shoulder function score be-
tween symptomatic and asymptomatic patients with RCT.
This is the first study to clarify the differences in CSA,
AHD, and SSP tendon thickness in RCT groups with and
without pain.

In this study, the symptomatic patients exhibited lower
isometric strength in shoulder abduction and shoulder in-
ternal rotation compared with the asymptomatic patients.
Baumer et al1 reported that the isometric strength in
shoulder flexion and abduction of symptomatic RCT pa-
tients was smaller than that of asymptomatic patients;
however, they could not find significant differences in
shoulder external rotation and internal rotation (ABD
0�). Yamamoto et al30 demonstrated that muscle strength of
shoulder abduction and external rotation, evaluated by
manual muscle testing in symptomatic RCT patients, were
lower than those in asymptomatic patients. This discrep-
ancy regarding muscle strength could be explained by the
method used for measuring pain. The possible reasons for
the weak muscle strength of shoulder abduction and inter-
nal rotation in the symptomatic group were considered to
be atrophy of the SSP muscle and the high rate of patients
with SSC tear in the symptomatic group. Furthermore, our
hypothesis that the unaffected rotator cuff muscles could be
hypertrophied was not supported by the results in this study.
In previous studies, Kikukawa et al13 reported that TM
muscles in patients presented ISP tear hypertrophy. Melis
et al21 presented a study according to which the TM muscle
hypertrophied in patients with SSC and SSP tears and it
hypotrophied in patients with SSP, ISP, and TM tears. We
included only 8 (25%) RCT patients with ISP tear in the
symptomatic group and 4 (17%) RCT patients in the
asymptomatic group. Patients with various types of RCT
participated in this study. These facts could explain why our
hypothesis was not confirmed by the results of our study.

To confirm our hypothesis that asymptomatic patients
had hypertrophy in the unaffected rotator cuff, we analyzed
the data of patients with an SSP tear. The results presented
a similar tendency as in analyses of patients with any type
of RCT, except for the isometric torque of shoulder external
rotation. The isometric torque in all directions in symp-
tomatic patients with an SSP tear were weak compared with



Table III Comparison of the clinical outcome between asymptomatic and symptomatic patients with all sizes of RCT tears

Asymptomatic RCT
(n ¼ 23)

Symptomatic RCT
(n ¼ 32)

95% CI of the difference P value Effect size

ROM
Flexion) 152� � 8� 137� � 16� 8�, 21� <.01y 1.18
Abduction 130� � 16� 102� � 19� 17�, 37� <.01y 1.59
External rotation 56� � 13� 46� � 17� 0�, 18� .03z 0.66
C7 to thumb, cm 19 � 7 29 � 11 4, 15 <.01y 1.08

Isometric torque, Nm/kg
Abduction) 0.79 � 1.16 0.36 � 0.18 0.00, 0.84 <.01y 0.54
External rotation) 0.35 � 0.44 0.22 � 0.07 –0.02, 0.29 .06 0.41
Internal rotation) 0.46 � 0.54 0.26 � 0.10 0.00, 0.39 <.01y 0.51

CSA of rotator cuff muscle
SSP 0.90 � 0.28 0.72 � 0.23 0.03, 0.31 .01y 0.70
ISP 1.61 � 0.41 1.51 � 0.43 –0.13, 0.32 .41 0.23
SSC) 2.99 � 0.90 2.86 � 0.74 –0.32, 0.57 .57 0.15
TM) 0.54 � 0.19 0.55 � 0.21 –0.12, 0.09 .79 0.04

Thickness of the SSP tendon, mm) 4.9 � 1.4 5.5 � 1.3 –1.3, 0.1 .10 0.44
AHD, mm
AHD (ABD 0�) 11.0 � 1.5 11.2 � 1.8 –1.1, 0.7 .69 0.12
AHD (ABD 90�) 8.8 � 1.1 8.0 � 1.5 0.0, 1.5 .04z 0.60

SSP tendon thickness as % of AHD (ABD 90�) 56.4 � 15.3 71.4 � 22.7 –25.9, –3.9 <.01y 0.77
WORC) 159 � 213 1052 � 388 –1057, –728 <.01y 2.85

CSA, cross-sectional area; ROM, range of motion; ABD, abduction; SSP, supraspinatus; ISP, infraspinatus; SSC, subscapularis; TM, teres minor; AHD,

acromiohumeral distance; WORC, Western Ontario Rotator Cuff Index; RCT, rotator cuff tear; CI, confidence interval.

Values of CSA of rotator cuff muscle were normalized by the CSA of supraspinatus fossa.
* Mann-Whitney U test (other differences were analyzed with a Student t test).
y P < .01.
z P < .05.
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that in asymptomatic patients. Nevertheless, no significant
differences were found in the CSA of unaffected rotator
cuff muscles between the 2 groups. Based on these results,
we concluded that the unaffected rotator cuff muscles did
not hypertrophy in the asymptomatic group with SSP tear,
and that the atrophy of the SSP might be the reason for the
pain in patients with SSP tear. Further studies are needed to
clarify the difference in CSA between symptomatic and
asymptomatic patients with large or massive RCT and to
demonstrate the benefits of conservative treatment for RCT
patients with the atrophy of SSP.

In relation to AHD, this study revealed that the AHD
(ABD 90�) of the symptomatic group was small (0.8 mm)
compared with that of the asymptomatic group, and their
difference was larger than the SEM (0.5 mm) of AHD
(ABD 90�) in this study. Moreover, the occupation ratio of
the SSP tendon thickness as a percentage of AHD (ABD
90�) was greater in symptomatic patients. Michener et al22

established this percentage to be 61.7% at the arm-depen-
dent position in subacromial impingement patients. The
decreases in AHD as the arm was elevated led to the high
occupation ratio of the SSP tendon thickness of AHD
(71.4%) in symptomatic patients in this study. Hence, pain
might have been caused by the narrowing of AHD, which
compressed the SSP tendon under the acromion in symp-
tomatic patients with RCT.
In regard to the range of shoulder motion, prior
studies have not identified significant differences in any
direction between symptomatic and asymptomatic RCT
patients.1,30 These results were inconsistent with our
study. One of the possible reasons could be the dif-
ference in the severity of symptomatic RCT patients.
Baumer et al1 reported that symptomatic RCT patients
showed no limitation in the shoulder motion and also
presented good patient-reported outcomes (WORC
index: 93.1), although there was no information of the
tear type in the subjects. Thus, the severity of the RCT
might have a certain influence on our results. Another
possible reason was thought to be the pain during the
examination of the ROM. Previous studies have clari-
fied that the decrease in the range of shoulder motion
was related to the pain presented by RCT patients.17,24

Similarly, in our study we observed that the limitation
in shoulder motion in symptomatic patients might
correlate with their pain. However, it is unclear whether
pain causes the limitation in shoulder motion or if the
limitation in shoulder motion increases the pain. Further
study will have to identify the mechanisms of pain
development in RCT patients.

One limitation of this study is that it included RCT
patients with various types of tears and both partial- or full-
thickness tears. Although we confirmed that there were no



Table IV Comparison of the clinical outcome between asymptomatic and symptomatic patients with SSP tear

Asymptomatic SSP tear
(n ¼ 19)

Symptomatic SSP
tear (n ¼ 21)

95% CI of the
difference

P value Effect size

ROM
Flexion) 152� � 9� 139� � 16� 4�, 21� <.01y 1.00
Abduction 129� � 16� 104� � 21� 12�, 37� <.01y 1.33
External rotation 56� � 14� 44� � 19� 0�, 22� .03z 0.71
C7 to thumb, cm 19 � 7 29 � 12 –16, –3 <.01y 1.01

Isometric torque, Nm/kg
Abduction) 0.87 � 1.27 0.35 � 0.20 –0.05, 1.08 <.01y 0.57
External rotation) 0.39 � 0.47 0.21 � 0.07 –0.03, 0.39 <.01y 0.53
Internal rotation) 0.50 � 0.58 0.26 � 0.10 –0.02, 0.50 <.01y 0.57

CSA of rotator cuff muscle
SSP 0.91 � 0.21 0.73 � 0.22 0.04, 0.32 .01z 0.83
ISP 1.61 � 0.32 1.49 � 0.46 –0.14, 0.37 .36 0.30
SSC) 3.09 � 0.68 2.94 � 0.78 –0.32, 0.61 .53 0.20
TM) 0.51 � 0.13 0.56 � 0.22 –0.16, 0.07 .46 0.27

Thickness of the SSP tendon, mm) 4.9 � 1.5 5.6 � 1.4 –1.5, 0.3 .42 0.48
AHD, mm

AHD (ABD 0�) 10.9 � 1.6 11.5 � 1.7 –1.7, 0.4 .25 0.36
AHD (ABD 90�) 8.8 � 1.0 8.0 � 1.4 0, 1.6 .02z 0.72

SSP tendon thickness as % of AHD (ABD 90�) 56.1 � 16.4 72.4 � 25.2 –30.1, –2.5 .02z 0.76
WORC) 160 � 224 1124 � 374 –1160, –767 <.01y 3.12

CSA, cross-sectional area; ROM, range of motion; ABD, abduction; SSP, supraspinatus; ISP, infraspinatus; SSC, subscapularis; TM, teres minor; AHD,

acromiohumeral distance; WORC, Western Ontario Rotator Cuff Index; CI, confidence interval.

Values of CSA of rotator cuff muscle were normalized by the CSA of supraspinatus fossa.
* Mann-Whitney U test (other differences were analyzed with a Student t test).
y P < .01.
z P < .05.
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significant differences in the tear size and tear type between
the asymptomatic and symptomatic RCT groups, they
might have affected the results. For example, we might
have measured the CSA in the rotator cuff muscles and
tendon thickness of the SSP at different positions between
patients with partial- and full-thickness tears because of the
retraction of torn rotator cuff muscles. In the second place,
the tendon thickness of the SSP was measured at the arm-
dependent position. This value was then used for the
calculation of the occupation ratio of the SSP tendon
thickness as a percentage of AHD (ABD 90�). The tendon
thickness should have been measured at ABD 90�; how-
ever, it was difficult to measure the tendon thickness in this
position because the tendon insertion was moving under-
neath the acromion. Another limitation came from the fact
that this study did not identify which factors were respon-
sible for the differences in ROM, muscle strength, CSA,
and AHD between the asymptomatic and symptomatic
patients because we did not measure the electromyogram of
the shoulder muscles, scapular movement, and spine
posture. In the future, longitudinal studies with large sam-
ple sizes should focus on the mechanism of pain reduction
in patients with RCT according to the tear size, using
multiple regression analysis. This would help determine the
efficacy of conservative treatment that can improve the
range of shoulder motion and AHD (ABD90�) for symp-
tomatic RCT patients.
Conclusion
This study demonstrated the differences in the shoulder
ROM, muscle strength, CSA in rotator cuff muscles,
AHD, and the tendon thickness of the SSP in symp-
tomatic and asymptomatic RCT patients. Asymptomatic
patients showed greater shoulder range of motion,
muscle strength of shoulder abduction and internal
rotation, small occupation ratio of the SSP tendon
thickness as a percentage of acromiohumeral distance,
and large CSA of SSP. Further analyses of the patients
with SSP tear demonstrated a similar tendency in the
results of patients with any type of RCT, except for the
isometric torque of shoulder external rotation.
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