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Background/objective: It is important to assess the atrophy of the rotator cuff to better understand
shoulder function and pain. Previously, magnetic resonance imaging has been used for the evaluation of
atrophy of rotator cuff muscles, which is time consuming. Therefore, a measurement tool requiring little
time and easy accessibility is clinically desirable to be used frequently in rehabilitation. Recently, rotator
cuff muscles have been evaluated using ultrasonography. However, little is known about the agreement
of evaluation in rotator cuff muscles between magnetic resonance imaging and ultrasonography. The
purpose of this study was to demonstrate the agreement between the muscle thickness measurements of
supraspinatus, infraspinatus, and teres minor muscles by ultrasonography and the cross-sectional area
measured by magnetic resonance imaging in the patient with rotator cuff tears.
Methods: A total of 47 patients with rotator cuff tears were enrolled. There were the 37 small tears, four
medium tears, and six large tears, and the involved rotator cuff muscles were the supraspinatus in 37
shoulders, and the supraspinatus and infraspinatus in 10 shoulders. The measuring variables were
muscle thickness and cross-sectional area of supraspinatus, infraspinatus, and teres minor muscles by
using magnetic resonance imaging. Further, the muscle thickness of the rotator cuff were assessed using
ultrasonography. A single regression model was used for demonstrating the agreement between the
cross-sectional area measurement by magnetic resonance imaging and the muscle thickness measured
using ultrasonography and magnetic resonance imaging of rotator cuff muscles. Additionally, the Bland-
Altman plots between magnetic resonance imaging and ultrasonography was analyzed.
Results: The cross-sectional area were correlated with the muscle thickness measurement of rotator cuff
muscles by magnetic resonance imaging, significantly (supraspinatus: r ¼ 0.84, infraspinatus: r ¼ 0.63,
teres minor: r ¼ 0.61, all p < 0.001). There were significant agreements between the cross-sectional area
measured by magnetic resonance imaging and muscle thickness measured by ultrasonography (supra-
spinatus: r ¼ 0.80, infraspinatus: r ¼ 0.78, teres minor: r ¼ 0.74, all p < 0.001). Bland-Altman plots
revealed significant correlations between the average and the difference of the two measurements in
supraspinatus (r ¼ 0.36, p ¼ 0.012), infraspinatus (r ¼ 0.38, p < 0.001), and teres minor (r ¼ 0.42,
p < 0.001). These results clarified the proportional bias between MRI and US.
Conclusion: This study showed that, similar to magnetic resonance imaging, ultrasonography is a useful
tool for assessing muscle atrophy of supraspinatus, infraspinatus, and teres minor muscles.
© 2022 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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1. Introduction

It has been reported thatthe atrophy of rotator cuff muscles
influences the conservative and postoperative clinical out-
comes.1e6Preoperative atrophy of the supraspinatus (SSP) muscle is
known to correlate withthehigh recurrence rate of repaired tendon
tear after the surgery.4Therefore,Melis et al.7suggested that surgery
for rotator cuff tears should be done before the appearance of at-
rophy of the SSP.On the other hand,the unaffected rotator cuff could
hypertrophy tocompensatefor the lost function in thepatientswith
rotator cuff tears.Kikukawa et al.8,9demonstrated that patients
withSSP andinfraspinatus (ISP) tear showed hypertrophy of the
teres minor (TM) muscle, and thishypertrophicchangecon-
tributedto the greater strength and range of motion in external
rotation in RCT patients. Thereby,the goal of the rehabilitation
targeted the improvement of the atrophy in rotator cuff muscles
because the shoulder function was determined by the muscle size.
For this reason, it is important to assess the atrophy of rotator cuff
to confirm the effect of the rehabilitation.Previously, magnetic
resonance imaging (MRI) has been used for the evaluation of at-
rophy of rotator cuff muscles.1,2,5,7,10e13However, MRI evaluation is
time consuming; hence, a measurement tool requiring little time
and easy accessibility is clinicallydesirable to be used frequently in
rehabilitation.Therefore, ultrasonography (US) is an alternative
imaging maneuver in rotator cuff pathology because of the mea-
surement easily many times.

Recently, the presence or absence of rotator cuff tear has been
determined using ultrasonography (US).14Atrophy of rotator cuff
muscles has also been evaluated with US.15,16In these previous
studies, the atrophy of SSP muscle was assessed by the occupation
ratio with US; cross-sectional area of SSP muscle belly divided by
the surface area of scapular fossa.17e20However, the agreement
between occupation ratio measured by US andMRI was 0.43 shown
by Kim et al.,20and 0.90byKhoury et al.17 Thus, discrepancy was
reported for this agreement. Additionally, priorresearchedhave
demonstrated the intra-rater reliability of the occupation ratio
using US, and thesevalues were 0.43, 0.52, and 0.91,18,20,21indica-
tinginconsistentresults. The measurement for the occupation ratio
has an advantagethat it cannormalizethebody size.Nevertheless, it
takes much times and efforts to analyze this ratio. Therefore, the
measurement of muscle thickness could be a more suitable evalu-
ation for muscle atrophy in clinical practice.Asinprevious litera-
tures, the correlation between muscle thickness of SSP measured
by US and the cross-sectional area using MRI was 0.60, and
0.76.19,21Nevertheless, little research has been conducted to
showthe agreement betweenthe cross-sectional area of ISP and TM
measured byMRIandthemuscle thicknessmeasuredby US. Also, the
muscle thickness of SSP was evaluated at the scapular notch.21-

However, Yanagisawa et al.22demonstrated that the thickest of
SSP was measured at the mid-point of scapular spine. Therefore,
the stronger correlationinSSPmeasurementbetween US and MRI
could possibly be expected at this site.

The purpose of this study was to demonstrate the agreement
between the muscle thickness measurements ofSSP, ISP, and TMby
US and the cross-sectional area measured by MRI in the patient
with rotator cuff tears.
2. Materials and methods

This study was the case series with no comparison groups. All
participants were recruited at Nobuhara hospital (Hyogo pref.,
Japan). Written informed consent was obtained from all subjects
before participation, and the study was approved by the institu-
tional review board.
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2.1. Subjects

The patients with rotator cuff tears participated in this study,
and rotator cuff tear was diagnosed using MRI (APERTO Eterna;
Hitachi Medical Corporation, Tokyo, Japan). Fatty infiltration was
assessed by Goutallier classification; grade 0: no fatty degeneration,
grade I: fatty streaks, grade II: fat < muscle, grade III: fat ¼ muscle,
grade Ⅳ: fat > muscle.23 The exclusion criteria were rotator cuff
tears with supraspinatus tendon retracted to the humeral head;
Patte classification stage II & III,24 massive rotator cuff tears; two or
more tendon tears,25 previous shoulder surgery, rheumatoid
arthritis, cervical spine disease, and neurological disease. The pre-
liminary calculation for the sample size by using G* Power 3.1
software (Heinrich Heine University, Duesseldorf, Germany)
showed that 42 subjects were needed for this study (effect
size ¼ 0.5, a ¼ 0.05, power ¼ 0.95) based on the data by O'Sullivan
et al.26

2.2. MRI

MRI was performed to obtain shoulder images (0.4 T, echo
time ¼ 98 ms, repetition time ¼ 3500 ms, flip angle ¼ 90�, recon-
struction matrix ¼ 512, bandwidth ¼ 24.1 kHz, field of
view ¼ 170 mm, slice thickness ¼ 4 mm, gap space ¼ 0.5 mm). The
patients were set in supine position with the shoulder coil at arm
dependent position in neutral position. The cross-sectional area
and muscle thickness of the SSP, ISP, and TM were measured using
T2 weighted oblique sagittal plane MR images, in which the cora-
coid process and the scapular plane led to the Y section, following
previous studies (Fig. 1).2,10 The cross-sectional area was analyzed
using the contour line of the SSP, ISP, and TM, which was drawn
along the muscle belly without the fat. The muscle thickness of the
SSP and ISP were measured at the intersectional point between the
coracoid process and the scapular plane, and TM was quantified at
the inferior angle of the scapula. MRI was performed by the radi-
ologist (Y. T.) with 19 years experiences of musculoskeletal
scanning.

2.3. US images

The thickness of the muscle belly of SSP, ISP and TM in B mode
images were obtained with US(UF450AX Bettius; Fukuda Denshi
Co. Ltd., Tokyo, Japan) with a 38 mm linear array transducer
(7 MHz), following previous studies.15,16,27 The patients were asked
to relax in sitting position. The measurement was taken twice, and
the mean values were analyzed. The SSP was measured in the
modified Crass position (the subject's hand was placed on the iliac
crest).27 For the measurements of the ISP and TM, the subjects
were asked to place their hand on the contralateral shoulder and
stay relaxed; horizontal adduction position. The muscle belly
thickness of the SSP was measured using transverse images taken
with the transducer placed above the midpoint between the
acromial angle and the medial edge of the scapular spine (Fig. 2A).
To measure the muscle belly thickness of the ISP, the transducer
was placed below themidpoint between the acromial angle and the
medial edge of the scapular spine to scan the transverse images
(Fig. 2B). Themuscle belly of the TMwasmeasured using transverse
images taken with the transducer placed perpendicular to the
muscle belly at the midpoint between the acromial angle and the
inferior angle of the scapula (Fig. 2C). The thickness of the muscle
belly of the rotator cuff muscles was measured at the center of the
images. Ultrasound scanning was performed by the physical ther-
apist (Y. U.), who had beenworking at an orthopedic hospital for 13
years and was experienced in musculoskeletal ultrasound scan-
ning. The software Image J (National Institutes of Health, Bethesda,



Fig. 1. Measurements of the cross-sectional area and muscle thickness of rotator cuff
muscles with MRI Cross-sectional area of rotator cuff muscles are indicated with yel-
low encircling lines, and the muscle thickness are marked by red lines. SSP, supra-
spinatus; ISP, infraspinatus; TM, teres minor. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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MD, USA) was used for the analyses of the thickness and cross-
sectional area of rotator cuff muscles with MRI and US by a single
physical therapist (Y. U.).
2.4. Statistical analysis

A statistical package (SPSS version 22; IBM, Armonk, NY, USA)
was used for calculations. First, data normality was examined using
the Shapiro Wilk test, and the intrarater reliability and standard
error of measurement (SEM) with US were obtained to check the
intraclass correlation coefficient (ICC). The ICC model was based on
a one-way analysis for variance (twice measures). Then, the coef-
ficient of determination and the root mean squared error (RMSE)
from single linear regression were calculated to predict the cross-
sectional area measured by MRI from the thickness of the rotator
cuff muscles measured by MRI and US. Additionally, a correlation
analysis was performed to demonstrate the relationship between
Fig. 2. Measurement of the muscle thickness of the rotator cuff with US The illustration ima
UFT, Upper fibers of trapezius; SSP, supraspinatus; ISP, infraspinatus; TM, teres minor.
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the muscle thickness of rotator cuff muscles measured by MRI and
US. Pearson or Spearman correlation analysis was conducted ac-
cording to the distribution of data.

Coefficient of variations (CV) was calculated for comparing the
variation of the twomeasurements. Additionally, Bland and Altman
plots28 were generated to analyze the systematic errors between
the cross-sectional area estimated from the thickness of the rotator
cuff muscles measured using US and the measured values of cross-
sectional area by MRI. These plots could show systematic errors by
demonstrating the averages of the two measurements plotted on
the horizontal axis against the differences between the two mea-
surements plotted on the vertical axis. The proportional bias be-
tween the twomeasurements was determined using the significant
correlation obtained through linear regression analysis of the Bland
and Altman plots. To evaluate the presence of fixed bias between
the two measurements, the 95% confidence limit for the mean
difference (mean ± 1.96 standard deviation) was used to determine
whether the mean difference was identical to zero. If the 95%
confidence limits excluded zero, the two measurements were
assessed to have fixed bias. Statistical significance was set at
p < 0.05 for all calculations.
3. Results

Sixty-four patients were recruited in this study, however 17
patients were excluded because of the tear size, the history of
shoulder surgery, and cervical spine disease. Therefore, 47 patients
with rotator cuff tears participated in this study (mean age:
66.4 ± 6.7, 26 men and 21 women). MRI revealed 25 shoulders with
partial thickness tear and 22 shoulders with full thickness tear.
There were the 37 small tears, four medium tears, and six large
tears, and the involved rotator cuff muscles were the SSP (37
shoulders), the SSP and ISP (ten shoulders). Moreover, Goutallier
classification in the subjects was grade 0 in three, grade I in 28,
grade II in 13, grade III in three patients, and no patients were
graded Ⅳ.

The ShapiroWilk test showed that the measurement data of the
cross-sectional area of the ISP (p ¼ 0.030) and TM (p ¼ 0.005)
measured by MRI were not normally distributed. On the other
hand, the other measurement data by US and MRI demonstrated a
normal distribution. With respect to the intrarater reliability of
muscle thickness measured using US, the ICC1.2 and SEM values
were 0.97 [95% confidence interval (CI): 0.94 to 0.99] and the
0.5 mm for the SSP, 0.98 (95% CI: 0.95 to 0.99) and 0.5 mm for the
ISP, and 0.96 (95% CI: 0.93 to 0.98) and 0.5 mm for the TM
respectively. Measurement data by MRI and US were shown on
Table 1.

The results of single linear regression between the muscle
thickness and cross-sectional area of the rotator cuff measured by
MRI were shown in Fig. 3 (SSP: r ¼ 0.84, RMSE ¼ 81.4 mm2; ISP:
r ¼ 0.63, RMSE ¼ 141.6 mm2; TM: r ¼ 0.61, RMSE ¼ 58.4 mm2).
Further, there were significant correlations between the
ge shows the measurement of the muscle thickness of the SSP (A), ISP (B), and TM (C).



Table 1
Measurement values of cross-sectional area and muscle thickness by US and MRI.

Cross-sectional area by MRI, mm2 Muscle thickness by MRI, mm Muscle thickness by US, mm

SSP 376.8 ± 148.9 [39.5] 20.3 ± 3.6 [17.9] 16.1 ± 2.8 [17.3]
ISP 742.5 ± 244.3 [32.9] 21.7 ± 5.1 [23.6] 21.6 ± 3.2 [14.8]
TM 261.2 ± 96.2 [36.8] 18.3 ± 5.4 [29.3] 13.6 ± 3.1 [22.7]

Data are reported as mean ± SD [CV%].
US, ultrasonography; MRI, magnetic resonance imaging; SSP, supraspinatus; ISP, infraspinatus; TM, teres minor; SD, standard deviation; CV, coefficient of variation.

Y. Ueda, H. Tanaka, Y. Takeuchi et al. Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 28 (2022) 13e20
measurements of muscle thickness of the rotator cuff by MRI and
those by US (SSP: r ¼ 0.67, p < 0.001; ISP: r ¼ 0.63, p < 0.001; TM:
r ¼ 0.61, p < 0.001). In addition, the analyses of the correlation
between the cross-sectional area of the rotator cuff measured by
MRI and the muscle thickness measured by US demonstrated
similar results to those of MRI (SSP: r ¼ 0.80, RMSE ¼ 91.3 mm2;
ISP: r¼ 0.78, RMSE¼ 155.8 mm2; TM: r¼ 0.74, RMSE¼ 65.9 mm2;
Fig. 4).

Bland and Altman plots revealed significant correlations be-
tween the average and the difference of the two measurements in
all rotator cuff muscles (SSP: r ¼ 0.36, p ¼ 0.012; ISP: r ¼ 0.38,
p < 0.001; TM: r¼ 0.42, p < 0.001; Fig. 5). These results clarified the
proportional bias between MRI and US in all rotator cuff muscles.
Furthermore, the 95% limits of agreement for SSP, ISP, and TM
were �176.9 to 176.9 mm2, -302.1 to 302.1 mm2, and -127.6 to
127.6 mm2, respectively. However, there was no fixed bias in all
rotator cuff muscles.

4. Discussion

The present study was performed to demonstrate the agree-
ment the muscle thickness measurements of rotator cuff muscles
by US and the cross-sectional area measured by MRI in patients
with rotator cuff tears. The results showed high agreement be-
tween the muscle thickness measurements with US and the cross-
sectional areameasured byMRI in not only SSP, but also ISP and TM.

With respect to the reliability of measuring the SSP in healthy
subjects with US, prior studies reported that the ICC1.1 for the SSP
muscle belly was 0.91e0.92.16 This study demonstrated that the
ICC1.2 for the SSP muscle belly measured by US was 0.95. Pre-
liminary study showed lower ICC1.1 in patients with RCT compared
to Schneebeli's study16 in healthy subjects. It might be because the
indistinct borders of bursitis in RCT patients affected the results.
Therefore, in this study the muscle thickness were measured twice
using US to improve the reliability. Further, previous studies
showed that the SEM of the SSP muscle belly in healthy subjects
was 0.74 mm, and that for the ISP muscle belly was
0.50e1.06 mm.15 The SEM values in this study coincided with those
reported in previous studies.

This study considered the agreement between muscle thickness
measurements of the rotator cuff by US and the cross-sectional area
measured by MRI. First, the correlations were demonstrated be-
tween the muscle thickness and cross-sectional area of rotator cuff
muscles measured by MRI. These results indicated that the good
agreement between the cross-sectional area and the thickness of
rotator cuff muscles. Therefore, the muscle thickness measured by
US were investigated to correlated with the cross-sectional area
measured byMRI in rotator cuffmuscles. Our results showed that the
correlation coefficients in single linear regression were 0.80 for the
SSP, 0.78 for the ISP, and 0.74 for the TM. The prior researches re-
ported that the correlation coefficient for the SSP between muscle
thickness by US and cross-sectional area by MRI were 0.76 in Yi
et al.,21 and 0.60 in Kretic et al.19 Although the measurement site was
16
different between our study and Yi's research21; our results indicated
similar correlation coefficient. Takai et al.29 reported this relationship
in the iliopsoas muscle and demonstrated that the correlation co-
efficient was 0.95 in the right side and 0.92 in the left side, which
were higher than our data. The reason for this discrepancy might be
because our measurement were performed in different positions
regarding the muscle thickness with US and the cross-sectional area
with MRI, whereas Takai et al.29 performed all measurements in the
same position. The cross-sectional area of rotator cuff muscles has
been evaluated using oblique sagittal plane MRI images inwhich the
coracoid process and the scapular spine met on Y view,10 and pre-
vious studies reported that this evaluation widely correlated with
clinical outcomes.1e5 However, it was difficult to visualize the rotator
cuff muscles with US at the SSP fossa on Y view in the same mea-
surement position as that used in MRI. Nevertheless, our results
demonstrated the good agreement between the cross-sectional area
measured byMRI and themuscle thicknessmeasured by US. Further,
the Bland and Altman plots in this study showed proportional bias
between MRI and US in the SSP, ISP, and TM muscles. These results
indicate that the presence of greater residuals in the case of a large
rotator cuff muscle volume should be taken into account when using
the muscle thickness measured by US instead of the cross-sectional
area measured by MRI.

This study has some limitations. As the MRI scans were acquired
with a slice thickness of 4 mm, the positions of measurements for
the tendon and muscle thickness might be different within this
interval. The reasons for setting the slice thickness at 4 mm in this
study was that MRI images were acquired using a slice thickness of
5 mm in a previous study10 andMRI slices for evaluating the rotator
cuff muscles were made through at an interval of 4 mm clinically.
Moreover, the measurement position might be influenced by
tendon retraction due to the rotator cuff tear. Fukuta et al.30 re-
ported that patients with large or massive rotator cuff tears with
tendon retraction demonstrated decreased cross-sectional area of
the rotator cuff muscles. Patients with large tears were also
included in this study. However, tendon retraction was considered
to have little effect on the results because the correlation of mea-
surement values using MRI and US were analyzed in this study.
Additionally, the assessments of cross-sectional area might not
indicate atrophy of all rotator cuff muscles, although the correla-
tions were investigated between the cross-sectional area measured
by MRI and the muscle thickness measured by US. Hence, mea-
surements considering the agreement with the whole muscle
volume of the rotator cuff would be required in future studies.

In conclusion, this study demonstrated the agreement between
the muscle thickness measurements in SSP, ISP, and TM with US
and the cross-sectional area measured by MRI. The results showed
the good coefficients of determination of the cross-sectional area.
This study demonstrated that there was a medium or strong cor-
relation of muscle thickness and cross-sectional area measure-
ments between US and MRI. Therefore, US evaluation could be
useful for the evaluation in patients with the diseases of the rotator
cuff.



Fig. 3. Relationship between muscle thickness and cross-sectional area of the rotator cuff measured by MRI MRI, magnetic resonance imaging; RMSE, root mean squared error; SSP,
supraspinatus; ISP, infraspinatus; TM, teres minor.
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Fig. 4. Relationship between muscle thickness measured by US and cross-sectional area measured by MRI in rotator cuff muscles MRI, magnetic resonance imaging; RMSE, root
mean squared error; SSP, supraspinatus; ISP, infraspinatus; TM, teres minor.
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Fig. 5. Bland and Altman plots of the cross-sectional area between the measurement values by MRI and estimated values by US in rotator cuff muscles MRI, magnetic resonance
imaging; US, ultrasonography, SSP, supraspinatus; ISP, infraspinatus; TM, teres minor; SD, standard deviation.
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