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Purpose: Ultrasound elastography has been used to evaluate the skeletal muscle stiffness as 
a biomarker for sarcopenia assessment. However, there is no consensus with respect to the 
size and location of the region of interest in assessing such fat infiltrated muscle. The 
objective of this study was to determine which cross-sectional area should be measured in 
torn disuse muscle with fat infiltration to accurately measure muscle activity using real-time 
tissue elastography (RTE).
Methods: Twenty-seven patients, whose rotator cuff muscle with torn tendon was success-
fully repaired, were followed by programmed rehabilitation. RTE measurements of the 
supraspinatus muscle were obtained during muscle contraction before and one-year after 
surgery so that the activity value was defined as the difference between elastography 
measurements at rest and elastography measurements during contraction. Given that the 
patients with successfully repaired and completed rehabilitation showed an increased activity 
value, the sensitivity for three regions of interest; posterior portion of the anterior-middle 
subregion (AM-p), anterior region (AR), and whole cross-sectional area of the supraspinatus 
(whole) were compared with the number of patients showing an increase in activity values as 
sensitivity analysis.
Results: The sensitivity showing an increase in activity values was 74.1% for the AM-p 
area, 70.4% for the AR area, and 81.5% for the whole area. Intraclass correlation 
coefficient1,3 was 0.87–0.97 for the AM-p area, 0.88–0.98 for the AR area and 0.92–0.99 
for the whole area.
Conclusion: The whole cross-sectional area is suitable to measure muscle activity in muscle 
with fat infiltration. The results in this study will provide some beneficial information when 
ultrasound elastography is used for the assessment of sarcopenia muscle with fat infiltration.
Keywords: ultrasound elastography, region of interest, sarcopenia, fat infiltration, 
supraspinatus muscle

Introduction
Sarcopenia is defined as loss of muscle mass and strength, and sarcopenia muscle is 
characterized as not only muscle atrophy but also fat infiltration.1 Magnetic resonance 
imaging, which is a suitable tool for evaluating sarcopenia muscle pathology, has 
revealed that fat infiltration is unevenly distributed in the muscle.2–6 Recently, ultra-
sound elastography has also been used to evaluate the skeletal muscle passive stiffness 
and muscle activity as a biomarker for sarcopenia assessment.7,8 However, there is no 
consensus with respect to the size and location of the region of interest (ROI) in 
assessing such fat infiltrated muscle. In healthy muscle, Ates et al found that the % 
error in muscle stiffness during contraction between full ROI and that of 1/2, 1/4, and 
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1/16 increased with decreasing ROI size.9 Other studies also 
found a significant effect of ROI size on muscle 
stiffness.10,11 They suggested that the size of ROI should 
be set as large as possible so that meaningful ultrasound 
elastography outcomes can be obtained.9–11 Sendur et al 
revealed that muscle stiffness decreased in the elder’s mus-
cle compared with younger’s one.8 In sarcopenia muscle, fat 
infiltration is unevenly distributed.3,6,12 Kiyoshige et al and 
Takano et al found that the localization of fatty tissue in the 
anterior part of the gluteus minimus muscle.3,6 Rosatelli et al 
reported that fat infiltration localized at the bony side in the 
multifidus muscle.13 The localization of fat infiltration in 
skeletal muscle should be considered when we set the ROI 
because the fatty tissue generally presenting as a soft elasti-
city outcome, and the tendinous tissue, if it is included in the 
ROI, generally showing as a hard elasticity outcome com-
pared to muscle fibers.

In order to prevent increasing in sarcopenia, resistance 
exercise is recommended.14 The cause of sarcopenia is 
multifactorial. However, its muscular histopathology, 
namely disuse degeneration such as fat infiltration, is com-
mon with that of torn and retracted muscle. Muscle degen-
eration in sarcopenia is systemic, while that in torn and 
retracted muscle is local. Rotator cuff muscle injury is 
common in middle and aged manual workers. The treatment 
of the torn rotator cuff muscle has been established. The 
resistance exercise was gradually adapted along with a well- 
developed protocol after torn rotator cuff tendon was 
repaired, and obtained excellent outcomes. When the torn 
rotator cuff muscle is repaired, the programmed rehabilita-
tion is followed. Constant interventional outcomes can be 
obtained in the treatment of the torn rotator cuff muscle, 
while the outcomes in resistance exercise for the elderly may 
be varied because the individual pre-interventional physical 
condition and the way of intervention are various in the 
sarcopenia elders. To take the torn rotator cuff muscle to 
the subject as a fat infiltrated muscle will be beneficial for 

assessing interventional outcomes rather than the muscle of 
sarcopenia elders. Ultrasound elastography evaluation 
before and after the surgery and rehabilitation of the torn 
rotator cuff muscle provides useful information in the recov-
ery of fat infiltrated muscle contractility. The aim of current 
study is to determine which area is adequate for setting the 
region of interest on the basis of recovery of contractility in 
the torn supraspinatus muscle.

Materials and Methods
Subjects
Thirty-five patients who were scheduled for arthroscopic 
rotator cuff repair were evaluated using real-time tissue elas-
tography (RTE) and magnetic resonance imaging (MRI) 
before and one year after surgery. RTE assessments were 
performed immediately before or after MRI assessments. 
The study cohort consisted of 23 males and 12 females and 
their mean age was 67 ± 8 yrs (range 49–83). The inclusion 
criteria for this study are a successfully repaired tendon 
defined as the patients who did not show any presence of 
discontinuity in the coronal plane of the MRI one-year after 
surgery. Eight patients in whom the presence of discontinuity 
was found were excluded from further analyses and evalua-
tions, because their outcomes did not fit our hypothesis that 
muscle activity, in patients with a successful repair of the 
supraspinatus tendon, would show an increase in muscle 
activity. Thus, the total number of patients in this study was 
comprised of 27 patients (Figure 1).

MRI assessment was conducted by a licensed orthopedic 
surgeon with 30 years of experience in orthopedic MRI, who 
was blinded to the RTE assessment. Fat infiltration of the 
supraspinatus muscle was evaluated on the sagittal Y-view 
of the MRI before and one-year after surgery using the 
Fuchs’ modified Goutallier stage:15,16 stage 0, normal mus-
cle without any fatty streaks; stage 1, the muscle contains 
some fatty streaks; stage 2, fat infiltration is significant but 

Figure 1 Diagram for patient inclusion.
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there is still more muscle than fat; stage 3, there is as much 
fat as muscle; and stage 4, more fat than muscle is present.

Muscle Activity Measurement by 
Real-Time Tissue Elastography
RTE assessment was performed by a licensed occupational 
therapist with 5 years of experience in shoulder ultrasound 
elastography, who was blinded to the Fuchs’ modified 
Goutallier stage, before and one-year after surgery. The 
patients were instructed to sit on a chair with the affected 
arm resting on a table with the shoulder abducted to 60° and 
with neutral rotation in the scapular plane.17 RTE measure-
ments were obtained with the arm resting on the table and 
during muscle contraction, accomplished by having the 
patient hold the affected arm 1 cm against gravity for approxi-
mately ten seconds. We used a diagnostic ultrasound system 
(Noblus; Hitachi-Aloka Medical Japan, Tokyo, Japan) with 
a linear array probe (L-64; Hitachi-Aloka Medical Japan) 
combined with an acoustic coupler (EZU-TECPL1; Hitachi- 
Aloka Medical Japan).18 We oriented the cross-sectional 
ultrasound B-mode images by placing the probe 2 cm medial 
to the acromion process and obtained the RTE images by 
performing cyclic manual compression with the probe. The 
RTE measurements took less than 10 minutes.

Three elastography images were randomly selected for 
each condition, rest and contraction, for analyses. Muscle 
hardness was calculated as the strain ratio (SR), which is 

the relative value in reference to the acoustic coupler of 22.6 
± 2.2 kPa. A higher SR value represents softer tissue and 
a lower SR value represents harder tissue. We defined 2 SR 
values: SR value at rest and SR value at contraction. Because 
the former represents the muscle hardness itself and the latter 
represents the sum of the muscle hardness at rest and the 
hardness produced by contraction, we defined the difference 
between the SR value at rest and the SR value at contraction 
as the activity value. Three ROIs, namely posterior portion of 
the anterior-middle subregion (AM-p), anterior region (AR), 
and whole cross-sectional area (whole) of supraspinatus 
muscle were defined as follows: AM-p includes muscle fibers 
posterior to intramuscular tenon in anterior-middle subregion 
defined by Kim et al19 without intramuscular tendon and 
obvious fatty streaks; AR, is responsible for contractile 
function19–21 including intramuscular tendon and fat tissue 
to some extent; whole, includes whole cross-sectional area of 
the supraspinatus muscle to account for the previous research 
and recommendations9–11 (Figure 2).

Statistics
SPSS statistical software (version 24.0; SPSS, Chicago, IL, 
USA) was used for all data analyses. After a non-normal 
distribution visualization of the data, as indicated by the 
Shapiro–Wilk test, non-parametric tests were performed on 
the data outcomes. The Kruskal–Wallis test, followed by the 
Bonferroni post hoc test, was used to investigate the 

Figure 2 The cross-sectional measurement areas of the AM-p (the dotted circler area), AR (the dashed circler area) and whole (the solid circler area) of the supraspinatus. 
Notes: The cross-sectional area in the AM-p can be measured residual muscle fibers excluding the internal tendon and fatty tissue. The AR area is responsible for 
contractility while included the internal tendon and fat infiltration to some extent. The whole area is occupied by a higher proportion of the residual muscle fibers even 
though the area contains a harder internal tendon and softer fatty tissue. 
Abbreviations: AM-p, posterior part of the anterior-middle subregion; AR, anterior region; MR, magnetic resonance; ROI, region of interest; Ant., anterior side; Post., 
posterior side.
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difference among the Goutallier stages in all measurement 
areas. In addition, Friedman with Dunn’s post hoc tests was 
used to investigate the difference among the three measured 
areas. Given that the patients with successfully repaired 
tendon showed an increased activity value,22 the sensitivity 
for the AM-p, AR, and whole measurements were described 
as the number of patients showing an increase in activity 
values. The sensitivity for the AM-p, AR, and whole mea-
surements were also calculated in subgroup analysis for age 
(<65 yrs. versus >65 yrs.), gender (male versus female), and 
side of supraspinatus tear (dominant versus non-dominant). 
The elastography images for a representative patient show-
ing an increased activity value before and after surgery is 
shown in Figure 3. Intraclass correlation coefficient (ICC1,3) 
analysis was also performed for all three measurements to 
examine intra-tester reliability. P values lower than 0.05 
were considered statistically significant.

Ethics
Written informed consent to participate in this study was 
obtained from all patients. Ethical approval was obtained 
from the Ethics Committee of Yamagata Prefectural 
University of Health Sciences (#1705-01). This study was 
conducted in accordance with the Declaration of Helsinki.

Results
Fat infiltration evaluations of the supraspinatus muscle 
resulted in three patients with a stage 0, 20 patients with 
a stage 1, three patients with a stage 2, and one patient with 
a stage 3. Measurements before and one year after surgery 
resulted in similar staging outcomes. Pre-operative SR 
values at rest and in all measurement ROIs decreased with 
increasing Goutallier stages (Figure 4). Post-operative SR 
values at rest also decreased with increasing Goutallier 
stages, with significant differences observed between 
patients with stage 2 and stage 1, with the former presenting 
lower values (P = 0.038 for AM-p, P = 0.040 for AR, and 
P = 0.050 for whole, respectively). Pre- and post-operative 
SR values during contraction were not significantly differ-
ent for all ROIs, except for the post-operative measurements 
using the whole (P = 0.018; Figure 4).

A comparison between the SR outcomes from the three 
ROIs at rest showed that, pre- and post-operatively, the AR 
measurement tended to present higher values, except for those 
in stage 2 post-operatively. Significant differences were found 
in patients with Goutallier stage 1 (P = 0.040 for pre- 
operative, and P = 0.007 for post-operative measurements; 
Figure 5A). The SR value at contraction did not show any 
significant differences between all three ROIs (Figure 5B).

Figure 3 Elastography images at rest and during contraction before and one year after surgery. 
Notes: The elastogram at rest after surgery showed green in the supraspinatus muscle, while that before surgery indicated blue, which indicated that the elasticity in the 
supraspinatus muscle got softer after surgery than that before surgery. 
Abbreviations: Ant., anterior side; Post., posterior side.
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An increase in activity values was found in 20 out of 
27 patients with successfully repaired tendon when using 
the AM-p, in 19 patients using the AR, and in 22 when the 
whole was selected. A decrease in activity value was 
observed in 7, 8, and 4 patients when implementing the 
AM-p, AR and whole, respectively (Figure 6A–C). One 
patient showed no change in pre- and post-operative activ-
ity values when using the whole and was considered as 
neither an increase nor decrease data value in our sensi-
tivity analysis. The sensitivity for patients with success-
fully repaired tendon integrity showing an increase in 
activity values was 74.1% for the AM-p, 70.4% for the 
AR, and 81.5% for the whole. For 7 patients with 
a Goutallier stage ≥ 2, the sensitivity was 75.0% for the 
AM-p, 25.0% for the AR, and 50.0% for the whole. ICC1,3 

was 0.87–0.97 for the AM-p, 0.88–0.98 for the AR and 
0.92–0.99 for the whole, respectively (Table 1). An 
increase in SR values at rest was associated with an 
increase in activity values.

Subgroup analysis for age (<65 yrs. versus >65 yrs.), 
gender (male versus female), and side of supraspinatus 
tear (dominant versus non-dominant) also showed the 
highest sensitivity for the whole measurement. For 14 
patients aged less than 65, the sensitivity was 71.4% for 
the AM-p, 78.6% for the AR, and 85.7% for the whole, 

respectively, while that was 76.9% for the AM-p, 61.5% 
for the AR, and 84.6% for the whole in the 13 patients 
with aged more than 65. There were 16 males and 11 
females in our participants. The sensitivity was 75.0% 
for the AM-p, 62.5% for the AR, and 75.0% for the 
whole, respectively, in the male group, whereas that was 
72.7% for the AM-p, 81.8% for the AR, and 100% for the 
whole in the female group, respectively. The patients with 
right supraspinatus tear were 17, and that with the left was 
10. The sensitivity was 76.5% for the AM-p, 82.4% for the 
AR, and 94.1% for the whole in the patients with right side 
supraspinatus tear, while that was 70.0% for the AM-p, 
50.0% for the AR, and 70.0% for the whole in the patients 
with the left side.

Discussion
Ultrasound elastography has been used to evaluate the ske-
letal muscle stiffness as a biomarker for sarcopenia 
assessment.7,8 However, there is no consensus with respect 
to the size and location of ROI in assessing such fat infil-
trated muscle. In healthy muscle, it has been recommended 
that the ROI should be set as large as possible because the 
number of muscle fibers in the measurements increases with 
an increase in the size of ROI,9–11 and the error increases 
with a decrease in ROI size.9 In this study, we investigated 

Figure 4 The pre- and post-operative SR value at rest and at contraction in relation to Goutallier stage. 
Notes: Pre- and post-operative SR values at rest and in all measurement ROIs decreased with increasing Goutallier stages. Those during contraction were not significantly 
different for all ROIs, except for the post-operative measurements using the whole. 
Abbreviations: AM-p, posterior part of the anterior-middle subregion; AR, anterior region; Pre, pre-operative measurement; Post, post-operative measurement; ROI, 
region of interest; SR, strain ratio.
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the effect of the ROI selection on activity outcomes in 
muscle with fat infiltration using RTE and found that select-
ing the whole supraspinatus cross-sectional area led to the 
highest sensitivity and reliability in outcomes as supporting 
the recommendation previously developed.

The AM-p area excluded the internal tendon and 
marked fat infiltration. The AR area was suggested to be 

responsible for contractility while included the internal 
tendon. The whole area included both the internal tendon 
and a part of marked fat infiltration. Many studies have 
revealed that elasticity decreased with increasing fat 
infiltration.17,23–25 Valencia et al demonstrated that inter-
stitial fibrosis advanced with increasing fat infiltration, 
especially dense collagenous tissue surrounded the marked 

Figure 5 Comparison among three ROI measurement in pre- and post-operative SR value in relation to Goutallier stage. 
Notes: (A) At rest. (B) At contraction. 
Abbreviations: AM-p, posterior part of the anterior-middle subregion; AR, anterior region; Pre, pre-operative measurement; Post, post-operative measurement; ROI, 
region of interest; SR, strain ratio.
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fat infiltration.26 Theoretically, the collagenous tissue con-
tent ratio will be highest in the AR area, modest in the 
whole area and lowest in the AM-p area.

Numerous studies revealed that poor surgical outcome 
obtained in advanced fat infiltrated rotator cuff 
muscle.16,27 Giambini et al demonstrated that the extensi-
bility in muscle with fat infiltration decreased with increas-
ing fat infiltration.23,24 Gerber et al and Yuri et al 
independently demonstrated that the contractility of the 
torn supraspinatus muscle decreased with increasing fat 
infiltration.17,27 These evidences suggest postoperative 
contractile recovery to be associated with fat infiltration.

Our results based on the activity value showed that the 
sensitivity of the AR was lowest and false-positive was 
highest, especially in advanced fat infiltration cases. This 
suggests that the AR is affected by the collagenous tissue 
hardness and overestimates in hardness. The sensitivity of 
the AM-p was modest in overall but highest in advanced 
fat infiltration, and false-positive was higher, especially in 
Goutallier’s stages 0 and 1. This suggests that the outcome 
may become unstable if the collagenous tissue was not 
measured. Therefore, the sensitivity of the whole area, 
where the collagenous tissue was appropriately included, 
was highest and false-positive was lowest.

Recently, ultrasound elastography has been used to 
evaluate muscle quality. Alfuraih et al measured pas-
sive stiffness in quadriceps, hamstrings, and biceps 
brachii muscles using elastography with the 10 mm of 
ROI.7 They found significantly decreased passive stiff-
ness in elderly groups compared to young and middle 
age groups. Şendur et al evaluated both passive and 
active stiffness in gastrocnemius muscle with 

Figure 6 Pre- and post-operative activity value in relation to Goutallier stage. 
Notes: (A) Pre- and post-operative activity values measured by AM-p in relation to 
Goutallier stage. The activity value increases from pre- to post-operatively, except 
for one patient in stage 0, five in stage 1, and one in stage 2, respectively. (B) Pre- 
and post-operative activity values measured by AR in relation to Goutallier stage. 
The activity value increases from pre- to post-operatively, except for one patient in 
stage 0, four in stage 1, and 3 in stage 2, respectively. (C) Pre- and post-operative 
activity values measured by Whole in relation to Goutallier stage. The activity value 
increases from pre- to post-operatively, except for one patient in stage 0, two in 
stage 1, and one in stage 2, respectively. One patient in stage 2 showed the same 
activity value both pre- and post-operatively. 
Abbreviations: AM-p, posterior part of the anterior-middle subregion; AR, ante-
rior region; Pre, pre-operative measurement; Post, post-operative measurement.

Table 1 Sensitivity and Reliability in the Activity Value

AM-p AR Whole

Number of True- 
Positive

20 (3) 19 (1) 22 (2)

Number of False- 

Positive

7 (1) 8 (3) 4 (1)

Sensitivity (%) 74.1 (75.0) 70.4 (25.0) 81.5 (50.0)

ICC1,3 0.87 to 0.97 0.88 to 0.98 0.92 to 0.99

Notes: Values indicate the number of patients (patients with stage ≥ 2). The 
patients whose strain ratio value at rest increased showed an increase in the activity 
value and the patient whose strain ratio value at rest decreased accompanied 
a decrease in the activity value. The activity value measured as whole in one patient 
showed same value pre- and post-operatively. Thus, the patient did not count in 
neither number of true-positive or false-positive. 
Abbreviations: AM-p, posterior part of the anterior-middle subregion; AR, ante-
rior region; ICC, intraclass correlation coefficient.
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approximately 3 to 4 mm of ROIs.8 They also found 
a strong inverse correlation between age and both pas-
sive and active stiffness. As described here, there is no 
consensus with respect to the size of ROI. Furthermore, 
they did not evaluate the advanced fat infiltrated mus-
cle. Our study provides an implication about ROI size, 
namely the ROI should be set as large as possible so 
that we can evaluate the tissue pathological change, 
such as fibrosis.

Limitations in this study include a small number of 
patients in the subgroup analysis. Patients with stage 1 
comprised the majority of the patients in this study, and 
consequently, those with stage ≥ 2 were less involved 
because our indication for rotator cuff repair is within 
the earlier modified Goutallier stage, and surgical inter-
vention is performed as early as possible. The investiga-
tion of the patients with stage ≥ 2 needs to be considered 
in future studies. The torn rotator cuff muscle is not a true 
sarcopenia muscle. However, they showed common histo-
pathology to sarcopenia muscle. We believe that the find-
ings from this study could provide implications for 
sarcopenia. Further studies will be needed to establish 
ultrasound elastography measurement as a biomarker for 
sarcopenia.

Conclusion
The whole cross-sectional area is suitable to measure 
muscle activity in muscle with fat infiltration. The results 
in this study will provide some beneficial information 
when ultrasound elastography is used for the assessment 
of sarcopenia muscle with fat infiltration.

Abbreviations
RTE, real-time tissue elastography; AM-p, posterior por-
tion of the anterior-middle subregion; AR, anterior region; 
ROI, region of interest; SR, strain ratio; ICC, intraclass 
correlation coefficient.
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