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Abstract—Older adults who require nursing care have joint contractures characterized by limited range of
motion (ROM). The present study investigated age-related muscle changes using ultrasonography and the rela-
tionship between ROM and muscle changes in older adults. Twenty-two healthy young adults (mean age: 23.3 y)
and 60 hospitalized older adults (mean age: 86.1 y) participated. ROM of hip abduction was measured using a
goniometer. Echo intensity (EI), reflecting interstitial fibrous tissue or fat within adductor longus (ADDI) was
measured using B-mode ultrasonography, and strain ratio (SR), reflecting ADDI stiffness, was measured by
strain elastography. The Mann—Whitney U-test and Spearman’s correlation test were used for analysis. The
ROM and SR of older adults were significantly lower than those of young adults (both p values <0.001). The EI
was significantly higher in older adults than in young adults (p < 0.001). In older adults, the SR was moderately
correlated with ROM (p = 0.49, p < 0.001). In conclusion, limited ROM and increase in interstitial fibrous tissue
or fat and stiffness occur with aging, and the SR measured by strain elastography is useful for investigating the
effect of muscle stiffness on the ROM of hospitalized older adults. (E-mail: mokita@nagasaki-u.ac.jp) © 2022
World Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION

Contractures are characterized by a limited range of
motion (ROM) or an increase in resistance to passive
joint movement (Fergusson et al. 2007). They are a
major factor in burden of care in activities of daily liv-
ing, such as eating, dressing, excretion and walking
(Fergusson et al. 2007) and, consequently, a decline in
quality of life. According to previous studies, 60% to
75% of older adults living in nursing homes had a con-
tracture in more than one joint (Mollinger and Steffen
1993; Wagner et al. 2008). The systematic review
reported by Offenbacher et al. (2014) revealed that
immobility was a possible risk factor for development of
contractures. Recent animal research has also revealed
that immobility causes fibrosis in such tissues as skeletal
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muscle, the joint capsule and skin in contracture models
(Goto et al. 2017; Sasabe et al. 2017; Honda et al. 2018).
Okita et al. (2009) reported that skeletal muscle was
mainly responsible for the progression of contracture,
and Honda et al. (2018) reported not only fibrosis but
also increased stiffness in the muscle of contracture
model rats. Therefore, clinicians should evaluate these
muscle changes in clinical practice.

B-Mode ultrasonographic imaging can qualitatively
evaluate muscle properties. For example, the muscle
echo intensity (EI) analyzed using B-mode images repre-
sents connective tissue (Pillen et al. 2009) and interstitial
fat (Reimers et al. 1993) within the muscle. Similarly,
ultrasound elasticity imaging can be used to evaluate
mechanical muscle properties. There are multiple
approaches to ultrasound elasticity imaging, such as
strain elastography and shear wave elastography, each of
which provides parameters related to muscle stiffness
(Shiina et al. 2015). Strain elastography provides a
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relative strain measure compared with a reference mate-
rial through a strain ratio (SR) parameter (Inami and
Kawakami 2016). Because SR is not affected by scan-
ning depth (Ewertsen et al. 2016), it is possible to com-
pare muscle stiffness among patients with different
subcutaneous fat thicknesses. Therefore, clinicians can
indirectly evaluate muscle fibrosis or increased muscle
stiffness using EI or SR.

In clinical situations, contracture is assessed by the
presence of limited ROM in most cases
(Offenbacher et al. 2014). Therefore, it can be hypothe-
sized that the qualitative and mechanical muscle proper-
ties measured by ultrasonography are related to ROM.

In fact, Picelli et al. (2017) reported that ankle passive
ROM was significantly limited and the gastrocnemius
muscle EI was significantly higher in patients with chronic
stroke than in those with secondary progressive multiple
sclerosis. In addition, Hirata et al. (2020) reported that
ROM of dorsiflexion was negatively correlated with the
stiffness of the soleus in angle-controlled conditions (15°
dorsiflexion) in healthy older adults. Although the afore-
mentioned studies reported characteristics of muscle qual-
ity and stiffness and the relationship between muscle
quality or stiffness and ROM, they targeted individuals
with neurological disorders or healthy older adults. In
older adults who require nursing care for various diseases,
the characteristics of muscle quality and stiffness and the
relationship between muscle quality or stiffness and ROM
are not sufficiently understood. The first purpose of the
present study was to compare the EI and SR of the adduc-
tor longus (ADDI) between older adults who require nurs-
ing care and healthy young adults. Second, we aimed to
investigate the relationship between ADDI EI or SR and
ROM of hip abduction in older adults.

METHODS

Participants

This study had a cross-sectional design. A total of
82 adults participated in this study after providing writ-
ten informed consent. Twenty-two (11 men and 11
women) healthy young adults and 60 (28 men and 32
women) older adult patients participated in the study.
The older adult patients were hospitalized in a conva-
lescent rehabilitation ward or long-term care facility of
the Nagasaki Memorial Hospital, Nagasaki, Japan.

The study inclusion criteria for young adults were
that individuals be in their twenties and have no history
of leg trauma or surgery and no neuromuscular disorder
of any kind. The study inclusion criteria for older adults
were individuals undergoing rehabilitation and in stable
general condition.

The study protocol was approved by the Research
Ethics Committee at Nagasaki University Graduate

School of Biomedical Sciences (Approval No.
19111404), and written informed consent for the collec-
tion and use of the information was obtained from all
participants or their families in accordance with the Dec-
laration of Helsinki.

Measures of characteristics

Sex, age and body mass index (BMI) of all partici-
pants and underlying diseases, length of hospitalization,
comorbidities and grade of frailty in older adults were
assessed. Specifically, underlying diseases were divided
into orthopedic, cerebrovascular and other diseases.
Comorbidities were assessed using the Charlson Comor-
bidity Index, which could estimate mortality
(Charlson et al. 1987). The grade of frailty was assessed
using the Clinical Frailty Scale, ranging from 1 (very fit)
to 8 (very severely frail) (Morley et al. 2013).

Range of motion of hip abduction

Range of motion of hip abduction was measured in
the leg that was not injured or paralyzed using a goniom-
eter. Passive motion of hip abduction was performed in
the supine position by a physical therapist (K.N. or C.
M.), and ROM was measured based on the method pub-
lished by the Japanese Orthopaedic Association and the
Japanese Association of Rehabilitation Medicine. The
knee on the measured side was kept straight, and the
examiner moved the leg out to the side. The axis location
was the anterior superior iliac spine (ASIS). The station-
ary arm was perpendicular to the line connecting the
ASIS on both sides through the ASIS on the measure-
ment side, and the movement arm was the median line of
the thigh (Fig. 1). The measurements were recorded to
the closest 5°.

Fig. 1. Location of stationary and movement arms. The sta-

tionary arm is perpendicular to the line connecting the ASIS on

both sides through the ASIS on the measurement side (A). The

movement arm is the median line of the thigh (B).
ASIS = anterior superior iliac spine.
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Muscle quality and stiffness of ADDI

To measure muscle quality, the EI of ADDI was
analyzed using B-mode ultrasonography measurements
performed using a portable ultrasound imaging device
(JS2, Medicare, Kanagawa, Japan) with a 4- to 16-MHz
linear-array probe. The participant was placed in a
supine position, and the measured leg was relaxed in a
zero-abduction position during the measurement. The
transducer was positioned 4 cm distal to the pubis, per-
pendicular to the ADDI longitudinal direction on the gel
sheet (Hydro Aid, Nippon BXI, Tokyo, Japan) pasted on
the skin. Ultrasound settings (frequency: 7 MHz, gain:
75) were kept consistent among the participants, and
time-gain compensation was adjusted to the neutral posi-
tion; however, the scanning depth was individualized for
each participant. To identify the ADDI area in the B-
mode image, the fascicular areas between the sartorius
or gracilis (Watanabe et al. 2009) and ADDI deformation
during passive hip abduction were referred. A short-axis
gray-scale image of the ADDI was then obtained, and
the EI was analyzed. The EI of ADDI was assessed by
computer-aided gray-scale analysis using the mean of
the histogram function of the ImageJ software (National
Institutes of Health, Bethesda, MD, USA). An elliptical
function was used to select the ADDI area, and the area
was determined to include the area within the outline of
the ADDI border (Fig. 2). EI values ranged from 0 to
255 AU (black = 0, white = 255). Higher EI appears
white and represents a higher proportion of connective
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(Pillen et al. 2009) and
(Reimers et al. 1993).

To measure muscle stiffness, the SR of the ADDI
was analyzed using the strain elastography function
(JS2, Medicare, Kanagawa, Japan) and a 6-mm thick gel
sheet (HydroAid, Nippon BXI, Tokyo, Japan) as a refer-
ence for elasticity. The gel sheet is dressed in the form
of a homogenous, mechanically resistant pad based on a
special net of three polymers, including approximately
90% water. After a short-axis gray-scale image of the
ADDI was obtained, the strain elastography function
was started. In strain elastography images, the color
scale of the region of interest (ROI) ranged from red, for
tissues with the greatest strain (softest tissues), to blue,
for those with no strain (hardest tissues), and the ROI
was set up twice the area of the ADDI based on the man-
ufacturer’s recommendations. Manual compression
(2—4 Hz) was applied rhythmically (compression-relax-
ation cycle) with the transducer in the scan position look-
ing at the strain curve diagram on the screen. Then, the
movie was paused, and the appropriate strain elastogra-
phy image was selected with a stress grade ranging from
3 to 5 on the screen. The SR (B/A) for the image, which
was the ratio of the strain of the reference material (4) to
that of the ADDI (B), was calculated automatically using
built-in software. The ROI of the ADDI was set with an
elliptical function of the software, and the ROI of the ref-
erence material was set to fit the width of the ROI of the
ADDI according to the study by Saito et al. (2019)

adipose  tissues

Fig. 2. Example of ADDI transverse axial B-mode image. The dotted line represents the area including the muscle. The
EI of ADDI was assessed by computer-aided gray-scale analysis using the mean of the histogram function of Imagel
software (left lower corner). The ADDI has EI of 74.0 A.U. ADDI = adductor longus; EI = echo intensity.
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Fig. 3. Example of an ADDI transverse axial strain elastography image. The color scale within the field of view (left) is

expressed as a range from red (softest tissue) to blue (hard tissue). The white ellipses indicate the region of interest of

the acoustic coupler (A) and ADDI (B), respectively. The strain ratio (B/4) was the ratio of the strain of the acoustic cou-
pler (A) to that of the ADDI (B). ADDI = adductor longus.

(Fig. 3). As the muscle became harder, SR decreased in
this study. EI and SR were measured by a physical thera-
pist (K.N. or C.M.).

Reliability of EI and SR measurements of the ADDI

The intra-rater and inter-rater reliabilities of the EI
and SR of the ADDI were assessed in a pilot study of 20
participants (mean age: 89.7 & 5.4 y). Two raters (K.N.
and C.M.) independently measured these values twice.
There were a few tens of seconds between each measure-
ment. To analyze intra-rater reliability, intraclass corre-
lation coefficients (ICCs) with 95% confidence intervals
(CIs) were calculated by using the “1, 1” model
(Shrout and Fleiss 1979) from the two measurements by
each rater. To analyze inter-rater reliability, ICCs with
95% CI were calculated using the “2, 1” model
(Shrout and Fleiss 1979) from the average of two meas-
urements by each rater. Statistical analyses were per-
formed using SPSS (version 22.0, IBM Corp., Armonk,
NY, USA). The ICC (1, 1) of the EI and SR by one rater
(K.N.) were 0.97 (95% CI: 0.93—0.99) and 0.92 (95%
CI: 0.80—0.97), respectively, and those by another rater
(C.M.) were 0.97 (95% CI: 0.92-0.99) and 0.96 (95% CI:
0.90-0.98), respectively. The ICC (2, 1) of the EI and SR
were 0.73 (95% CI: 0.43—0.89) and 0.64 (95% CI:
0.29—0.84), respectively. The intra- and inter-rater reli-
abilities of EI and SR measurements of ADDI] were

found to be excellent to moderate, respectively, accord-
ing to the study by Koo and Li (2016). Ultrasonography
measurements were carried out by two investigators;
therefore, the average value of two measurements was
adopted for both EI and SR in this study.

Statistical analysis

Participant characteristics were expressed as the
mean =+ standard deviation (SD). The ROM of hip
abduction and the EI and SR of the ADDI are expressed
as the median (interquartile range [IQR]). To confirm
the characteristics of older adults who required nursing
care for various diseases, the EI and SR of the ADDI and
the ROM of hip abduction were compared between
young and older adults using the Mann—Whitney U-test.
To confirm that EI and SR are useful for assessing con-
tracture in older adults, the relationship between the EI
and SR of the ADDI and the ROM of hip abduction in
older adults was analyzed using Spearman’s rank corre-
lation coefficient. All statistical analyses were performed
using SPSS (version 22.0). The level of significance was
setatp < 0.05.

RESULTS

Characteristics
A total of 82 participants volunteered in the present
study, of whom 22 were young adults (11 women) and
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60 were older adults (32 women) with mean ages (SD) of
23.3 y (1.7) and 86.1 y (6.9), respectively. The young
and older adults had mean (SD) BMIs of 21.3 kg/m*
(3.0) and 19.0 kg/m? (3.3), respectively. In older adults,
the Clinical Frailty Scale ranged from 5 (mildly frail) to
8 (very severely frail). Table 1 summarizes the charac-
teristics of the participants.

Comparison of ROM, EI and SR between young and
older adults

The median (IQR) ROM for hip abduction in young
and older adults was 45° (43.8—45) and 25° (20—30),
respectively. The ROM of hip abduction was significantly
lower in older adults than in young adults (p < 0.001;
Fig. 4A). The median (IQR) Els of the ADDI of the young
and older adults were 64.3 (56.2—71.5) and 77.1
(68.3—83.2), respectively. The EI of the ADDI was signifi-
cantly higher in older adults than in young adults (p <
0.001; Fig. 4B). The median (IQR) SRs of the ADDI of
young and older adults were 2.9 (2.6—3.9) and 1.6
(0.9—2.7), respectively. The SR of the ADDI was signifi-
cantly lower in older adults than in young adults (p <
0.001; Fig. 4C).

Relationship between the EI or the SR and ROM in older
adults

The ADDI EI was not correlated with the ROM of
hip abduction in older adults (0 = —0.06, p = 0.66;
Fig. 5A). The SR of ADDI was moderately correlated
with the ROM of hip abduction in older adults (p = 0.49,
p < 0.001; Fig 5B).

DISCUSSION

The present study examined differences in ROM, EI
and SR between young and older adults; consequently,
older adults had limited ROM, higher EIs and lower SRs
compared with young adults. Moreover, when examining
the usefulness of EI and SR in assessing contracture,
there was no relationship between EI and ROM, and a

Table 1. Characteristics of participants (N = 82)

Characteristic Young adults Older adults
(n=22) (n=60)

Sex (male/female) 11/11 28/32

Age (y) 233+ 1.7 86.1 £6.9

Body mass index (kg/m?) 2134+3.0 19.0 £3.3

Underlying disease (orthope- — 27/19/14
dic/cerebrovascular/other)

Charlson Comorbidity Index — 32+1.7

Clinical Frailty Scale (5/6/7/8) — 1/26/18/15

Data are expressed as numbers or the mean =+ standard deviation.
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moderate relationship between SR and ROM in older
adults.

First, the intra-rater reliabilities of EI and SR meas-
urements of the ADDI were found to be excellent
(Koo and Li 2016) in the present study. Several studies
have investigated intra-rater reliabilities of EI or SR
measurements of some muscles, and good to excellent
(Koo and Li 2016) reliabilities were observed in them
(Yanagisawa et al. 2011; Muraki et al. 2015; Santos and
Armada-da-Silva 2017; Rabello et al. 2019). The intra-
rater reliabilities in the present study were similar to
those in previous studies. In contrast, the inter-rater reli-
abilities of EI and SR measurements of the ADDI were
found to be moderate (Koo and Li 2016). Several studies
have investigated the inter-rater reliabilities of EI meas-
urements of the quadriceps, and good to excellent
(Koo and Li 2016) reliabilities were observed in these
studies (Rabello et al. 2019; Karapinar et al. 2021). The
inter-rater reliability of EI in the present study was lower
than that reported in previous studies. Although a previ-
ous study (Rabello et al. 2019; Karapimar et al. 2021)
that revealed excellent inter-rater reliability in measuring
EI targeted the quadriceps, the present study targeted the
ADDI. The quadriceps direction is nearly parallel to the
floor, but that of the ADDI is not. Therefore, it might
have been difficult to place the transducer perpendicular
to the ADDI in the present study, which would influence
the lower inter-rater reliability of measuring the EI.
However, when measuring the SR, compression speed
and intensity remained the same as much as possible in
the strain curve diagram and stress grade on the screen
in the present study, and the SR inter-rater reliability
was moderate. Brage et al. (2019) investigated the inter-
rater reliability of SR in the supraspinatus tendon by
using strain elastography, and the reported ICC of the
SR was 0.70. The ICC of their study was determined to
be moderate, referring to the guideline by Koo and
Li (2016), and close to the ICC of SR in the present
study. Considering that strain elastography measurement
is highly operator dependent (Carlsen et al. 2013), the
inter-rater reliability of the SR in the present study is
valid.

The ROM of hip abduction in older adults hospital-
ized in a convalescent rehabilitation ward or long-term
care facility was lower than that in young adults.
Roach and Miles (1991) reported that the mean ROM of
hip abduction in adults aged 25—39 y was 44+11°,
whereas that in older adults aged 60—74 y was 39+12°.
This result indicates that age-related changes affect joint
flexibility, and the older adults in the present study have
significantly limited ROM, considering that their median
(IQR) ROM of hip abduction was 25° (20—30). Several
studies have investigated other factors that affect ROM.
Souren et al. (1995) investigated the prevalence of



Relationship Between Muscle Quality or Stiffness Measured by Ultrasonography and ® K. NAKAGAWA ef al. 1863
A B C
60 * 5 120 * 7 *
. 5 ] ~ 74
> ° < 3 °
5 50 ° 5 100 29 —
g 2 L
= —=x— § E s
| 407 ° T & 801 g
= g 2
= o 2 S 44
G =
S 30 S 60 g =
g - : g -
= =} & 3
S i) <
=] <
& 201 o 40 o
) = . S 7
8 = 8
o <
S 104 z 20 % ] 1
- o EH
=) 2]
0 2 0 0
Young Older Young Older Young Older

Fig. 4. Box-and-whisker plot comparing young and older adults with respect to (A) range of motion of hip abduction,

(B) echo intensity of adductor longus muscle and (C) strain ratio of adductor longus muscle. The boxplot displays the

median and 50th percentile (interquartile range); X marks in boxplots are mean values; the tips of whiskers represent min-

imum and maximum values; the open circles represent outliers. *Significant difference (p < 0.05) as compared with the
young adults.

limited ROM in 161 patients with Alzheimer’s disease
and reported that 75% of the 32 patients with mobility
impairment had limited ROM, whereas only 11% of the
129 patients with walking ability had them. Furthermore,
it was revealed that inactivity is a risk factor for the
occurrence of limited ROM (Offenbacher et al. 2014).
These studies indicate that both aging and mobility
impairment and inactivity affect joint flexibility. Consid-
ering that frailty is associated with mobility impairment
(Cheung et al. 2020) or inactivity (da Silva Coqueiro
et al. 2017), the limited ROM of the older adults in the
present study, who scored 5 to 8 on the Clinical Frailty
Scale, might have been affected by those factors in addi-
tion to aging.
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Likewise, the EI of the ADDI in older adults was
higher than that in young adults. Because muscle EI rep-
resents connective tissue or interstitial fat within muscle
(Pillen et al. 2009; Reimers et al. 1993), those tissues
within the muscles might be increasing in older adults in
the present study. Fukumoto et al. (2015) reported that
the mean EI of the quadriceps femoris in older adults
ranging from 75 to 92 y was higher than that in young
adults ranging from 19 to 30 y. These results indicate
that aging affects muscle EI. However, several studies
have investigated other factors affecting muscle EI.
Mirén Mombiela et al. (2017) reported that the EI of the
rectus femoris in frail older adults was higher than that
in robust adults. Considering that frailty is associated
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Fig. 5. Results of analysis for single correlation in older adults. (A) The result between echo intensity of the adductor

longus muscle and range of motion of hip abduction. (B) The result between strain ratio of the adductor longus muscle

and range of motion of hip abduction. The dependent variable was range of motion of hip abduction, while the indepen-
dent variable was echo intensity or strain ratio of the adductor longus muscle.
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with inactivity (da Silva Coqueiro et al. 2017), in the
same way as ROM, inactivity caused by frailty might
affect higher EI.

The SR measurement of relative strain compared
with that of a reference material using strain elastogra-
phy was employed in the present study. The results
revealed that the SR of the ADDI in older adults was
lower than that in young adults; in other words, the
ADDI stiffness of older adults was higher than that of
young adults. Eby et al. (2015) investigated the muscle
stiffness of the biceps brachii by measuring their shear
modulus using shear wave elastography in adults ranging
from 21 to 94 y; they reported that muscle stiffness
increased with age after 60 y. Although Eby et al. (2015)
employed a shear modulus to estimate muscle stiffness,
the shear modulus and SR correlated with increasing
muscle stiffness (Shiina et al. 2015), and similar trends
are expected between the two methods. Therefore, our
results are similar to those reported by Eby et al. (2015),
which indicate that muscle stiffness increases with age.

However, several studies have investigated other
factors affecting muscle stiffness. Saito et al. (2019)
reported that the lower the physical function, the stiffer
is the rectus femoris by measuring SR using strain elas-
tography in community-dwelling older women. It has
been reported that lower physical function is associated
with a small amount of activity (Osuka et al. 2015), and
in the same way as ROM and EI, inactivity might affect
muscle stiffness.

Muscle fibrosis and limited ROM have occurred
following immobilization in animal experiments
(Honda et al. 2018), and the muscle EI represents con-
nective tissue within the muscle (Pillen et al. 2009).
However, the EI of the ADDI in the present study was
not significantly correlated with the ROM of hip abduc-
tion in older adults. As mentioned earlier, muscle EI rep-
resents not only connective tissue (Pillen et al. 2009) but
also interstitial fat within muscle (Reimers et al. 1993).
Interstitial fat within muscle increases with aging
(Marcus et al. 2010). Thus, the results of EI in the pres-
ent study might have been affected by interstitial fat
within muscle, and the correlation between the EI of the
ADDI and the ROM of hip abduction was not significant.
This indicates that muscle fibrosis is difficult to assess
indirectly by using EI.

The SR of the ADDI was significantly positively
correlated with the ROM of hip abduction in older
adults. Therefore, the stiffer the muscle, the more limited
is the range of joint motion. Hirata et al. (2020) reported
that dorsiflexion ROM was negatively correlated with
soleus stiffness by measuring shear wave speed using
shear wave elastography under angle-controlled condi-
tions (15° dorsiflexion) in both young and older adults.
In the present study, the measured leg was in a neutral

Volume 48, Number 9, 2022

adduction/abduction position during measurement,
namely, the angle-controlled condition. Therefore, the
study by Hirata et al. (2020) supports the results of the
present study. Moreover, it has been revealed by animal
experiments that as the limitation of ROM progresses
during immobilization, muscle stiffness increases
(Honda et al. 2018). The correlation between the SR of
the ADDI and the ROM of hip abduction was moderate,
which might indicate that the increase in muscle stiffness
associated with limited ROM can be assessed with the
SR.

The present study had several limitations. First, the
measurement included only young adults and older inpa-
tients with frailty. As mentioned above, ROM, muscle
EI and muscle stiffness are all affected by aging, inactiv-
ity, functional impairment and frailty. Therefore, the
respective effects of aging and other factors on the mea-
surement outcomes are unclear. Therefore, further meas-
urements targeting robust older adults are required.
Second, the effects of subcutaneous fat thickness on EI
and SR were not considered. Although SR is not affected
by the scanning depth (Ewertsen et al. 2016), EI is
affected by these factors (Young et al. 2015). Therefore,
calibration based on subcutaneous fat thickness is
required when analyzing muscle EI. Young et al. (2015)
established calibration equations, considering subcutane-
ous fat thickness to estimate interstitial fat using EI, tar-
geting the rectus femoris, biceps femoris, tibialis
anterior and medial gastrocnemius. However, calibration
equations for the ADDI have not yet been established.
Therefore, we could not perform calibration analysis in
the present study. Third, muscle activity affected by
muscle stiffness has not been measured. Because muscle
stiffness is associated with the Modified Ashworth Scale
(Kesikburun et al. 2015), muscle stiffness is affected not
only by fibrosis but also by muscle tone. To minimize
the effect of muscle tone, we measured stiffness on the
non-injured or non-paralyzed side and in the relaxed and
neutral adduction/abduction positions in the present
study. Accordingly, further measurements of muscle
activity, such as electromyography during the measure-
ment of muscle stiffness, may be required. Fourth, fac-
tors other than the muscle were not investigated. For
example, previous studies revealed that joint capsule and
skin fibrosis occurred in a rat joint contracture model
(Goto et al. 2017; Sasabe et al. 2017). In a clinical situa-
tion, there is still no non-invasive tool for investigating
joint capsule or skin fibrosis. Therefore, technological
development is required in the future.

CONCLUSIONS

Muscle SR measured by strain elastography is a
useful tool for investigating the effect of muscle stiffness
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on the ROM of older adults hospitalized in convalescent
rehabilitation wards or long-term care facilities. This
tool could be applicable to the evaluation of the patho-
logical conditions of muscles and the determination of
therapeutic effects on limited ROM.
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