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Usefulness of a newly developed
ultrasonic system to estimate
skeletal muscle mass and muscle
strength in community-dwelling
older adults
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Measuring skeletal muscle mass index using bioelectrical impedance analysis or dual-energy X-ray
absorptiometry is challenging for home care patients and those with implanted devices. Contrastingly,
ultrasound measurement of skeletal muscle mass is a simple and non-invasive method. We aimed

to investigate quadriceps muscle cross-sectional area measured using a newly developed ultrasonic
muscle imaging system to serve as a diagnostic tool for sarcopenia. The cross-sectional study including
510 independent adults aged 65 years and older (180 men; median age, 75 years) was performed
between October 2021 and December 2022. Quadriceps muscle cross-sectional area of the dominant
leg was measured, and the average value was analyzed for correlation with body composition

indices measured using the bioelectrical impedance analysis method, muscle strength and physical
performance tests. Quadriceps muscle cross-sectional area showed a good correlation with skeletal
muscle mass index (R=0.78, P<0.001), handgrip strength (R=0.70, P<0.001), and knee extension
strength (R=0.68, P <0.001). This study demonstrated that quadriceps muscle cross-sectional area
using a newly developed ultrasonic system shows a strong correlation with skeletal muscle mass index
and muscle strength. These findings suggest that this system could be an alternative to bioelectrical
impedance analysis for the diagnosis of sarcopenia.
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Sarcopenia has gained significant attention because of its association with reduced life expectancy, increased
risk of falls and fractures, and a decline in activities of daily living!. Sarcopenia is defined as “age-related loss
of skeletal muscle mass accompanied by a decrease in muscle strength and/or reduced physical performance®”
According to the Asian Working Group for Sarcopenia (AWGS) 20197, an assessment of the skeletal muscle mass
index (SMI) using either bioelectrical impedance analysis (BIA) or dual-energy X-ray absorptiometry (DXA)
is recommended for the diagnosis of definite sarcopenia. However, the hardware required is not appropriate to
measure SMI in home care services’. In contrast, ultrasound measurement is a simple and non-invasive method
used to evaluate skeletal muscle mass>*; it is easily available to patients with implanted devices or those receiving
home care services. However, the usefulness of conventional ultrasonography to evaluate skeletal muscle mass
remains limited because its reliability is lower than that of BIA or DXA®. In conventional ultrasonography,
measurements are typically limited to muscle thickness, cross-sectional area (CSA), echo intensity, pennation

1Department of Orthopaedic Surgery, Hyogo Medical University School of Medicine, Nishinomiya, Japan.
2Department of Orthopaedic Surgery, Tsuji Hospital, Osaka, Japan. 3Department of General Internal Medicine,
Hyogo Medical University School of Medicine, 1-1 Mukogawa-Cho, Nishinomiya, Hyogo 663-8501, Japan.
“Amagasaki Medical COOP Honden Clinic, Amagasaki, Hyogo, Japan. *Roppou Clinic, Toyooka, Hyogo, Japan.
®Department of Internal Medicine, Osaka Dental University, Hirakata, Japan. ’Department of Dental Hygiene,
Kyoto Koka Women'’s College, Kyoto, Japan. 8Department of Physical Therapy, School of Rehabilitation, Hyogo
Medical University, Kobe, Japan. *email: ke-shimmura@hyo-med.ac.jp

Scientific Reports|  (2025) 15:24893 | https://doi.org/10.1038/s41598-025-09430-z nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-09430-z&domain=pdf&date_stamp=2025-7-10

www.nature.com/scientificreports/

angle, and fascicle length. Moreover, CSA measurements in previous studies have generally been limited to a
single muscle, such as the rectus femoris or vastus lateralis, rather than the entire quadriceps’. The limitation
is not with ultrasonography itself but rather with the conventional method, which captures only a portion of
the muscle cross-section. In contrast, the newly developed ultrasonic muscle imaging system allows for the
simplified visualization of the entire quadriceps CSA in a single operation, rather than focusing solely on muscle
thickness®.

As for other devices to measure muscle mass, in the European Working Group on Sarcopenia in Older
People2 (EWGSOP2) guidelines, magnetic resonance imaging (MRI) and computed tomography (CT) were
broadly reported as gold standards for non-invasive assessment’. The newly developed ultrasonic muscle
imaging system demonstrates a good correlation between quadriceps muscle cross-sectional area (QMCSA)
and the value using the CT®. The advantage of this ultrasound device is high reproducibility, which is equivalent
to CT measurement without radiation exposure. However, there were several limitations to the previous study,
including the patient characteristics and numbers to investigate the muscle mass in the geriatric study®. Thus,
it remains unknown whether QMCSA measurement using this ultrasonic system is useful to estimate skeletal
muscle mass in community-dwelling older adults, who are important study participants in investigations
regarding subjects for primary sarcopenia.

We hypothesized that the newly developed ultrasound muscle imaging system could serve as a novel diagnostic
tool for sarcopenia, providing an alternative to conventional methods such as BIA and/or DXA. We aimed
to investigate the use of this ultrasound device in QMCSA measurement to estimate lower SMI and whether
QMCSA measurement could serve as an alternative diagnostic tool for sarcopenia in community-dwelling older
adults. We simultaneously performed QMCSA measurements using this system and body composition analysis
using BIA in a cohort study of older adults living in a rural area of Japan.

Methods

Study participants

This cross-sectional study was part of a cohort study named “Frail Elderly in the Sasayama-Tamba Area”®°. We
included adults aged 65 years and older, who were independent community-dwelling or required long-term care
of less than or equal to first degree living in the Tamba-Sasayama area, a rural area in Hyogo Prefecture, Japan,
between October 2021 and December 2022. A detailed sampling tree is represented in Supporting information,
Fig. S1.

Measures

The following characteristic factors were assessed: age, sex, height, body weight, blood pressure, body mass
index (BMI), comorbid conditions, and body composition, measured using InBody770 (Biospace Japan, Osaka,
Japan). Muscle strength and physical performance tests included gait speed (GS), handgrip strength (HGS), knee
extension strength (KES), and the 5-chair-stand test (5CS). GS was determined by measuring the time taken
to walk 10 m at a normal pace from the start of the movement without deceleration; velocity was converted to
meters per second (m/s)!%. HGS was assessed using a digital dynamometer (TKK 5101 Grip-D; Takei, Tokyo,
Japan)’. KES was measured with the dominant leg during isometric contraction of the knee extensor in the
sitting position, with the knee maintained at 90°, using a handheld dynamometer (Sakai Medical. Co., Ltd.,
Tokyo, Japan)!!. For the 5CS, participants were asked to stand up and sit down five times as rapidly as possible,
and the time taken from the initial sitting position to the final standing position at the end of the fifth stand was
recorded!?.

QMCSA

The newly developed ultrasonic muscle imaging system uses technology for panorama synthesis sector B-mode
images by applying it to the thigh and moving it in one direction along the skin (Furuno Electric Co., Ltd.,
Nishinomiya, Japan)®. The device is portable and conveniently employed with 10 cm of width and a weight of
approximately 260 g (Fig. 1a). In addition, a clearly visible image is shown when evaluating a cross-sectional
muscle image similar to that of CT®. The participants were evaluated in a sitting position with the knee joint
flexed at 90°. The same examiner lightly placed the probe perpendicular to the midpoint of the thigh of the
patient’s dominant leg (greater trochanter and lateral epicondyle of the femur) and scanned the circumference
(two-thirds of the anterior thigh) using the probe (Fig. 1b). The method of determining the measurement
site differed from the previous study'®. When performing measurements in a sitting position, identifying the
inguinal region can be difficult, particularly in women and individuals with obesity. In contrast, the greater
trochanter is easily palpable, making it a more reliable anatomical landmark. This study defined the dominant
leg based on a questionnaire asking, “Which foot do you use to kick a ball?” The foot chosen by the participant
was considered the dominant leg. To ensure consistency in probe angle, an attachment that allows the probe to
be positioned perpendicularly to the quadriceps muscle was used. Regarding the applied pressure, a generous
amount of gel was used to minimize compression of the measurement site. The probe was slid smoothly over the
skin with care to avoid excessive pressure. It is determined by the device whether the pressure is appropriate or
not. Information was sent wirelessly to a Microsoft Surface Pro tablet (Microsoft Japan, Tokyo, Japan) (Fig. 1c)
placed nearby and a cross-sectional muscle image (Fig. 1d) was automatically displayed within approximately
15 s. The quadriceps muscle boundaries were marked automatically on the obtained image for CSA measurement
(Fig. 1d). The final decision was made by the physician who was not involved in the BIA measurement, and
if necessary, the modifications were made manually. Finally, we measured the QMCSA (cm?). We performed
three measurements, and the average value was recorded. According to a previous report by Matsui et al., the
reproducibility of QMCSA measurement by three examiners is excellent (intra-examiner intraclass correlation
coefficient (ICC) [1, 1]: 0.993, 0.996, and 0.997; inter-examiner intraclass correlation coefficient [1, 2]: 0.993)°.
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Fig. 1. A newly developed ultrasonic muscle imaging system. (a) The probe, palm-size and wireless. (b)
Measurement of QMCSA, on the midpoint of the thigh of the patient’s dominant leg in a sitting position.
The probe was gently and slowly slid for approximately 10 s around two-thirds of the anterior thigh. (¢) The
PC tablet connected with Bluetooth. (d) Image of QMCSA obtained using the system. Quadriceps plots were
automatically detected using machine learning. QMCSA: quadriceps muscle cross-sectional area.

We also measured the QMCSA of 35 young, healthy volunteers, along with their body composition indices,
using the InBody 770. The volunteers consisted of students from Hyogo Medical University as well as dentists
and physical therapists from Hyogo Medical University Hospital.

Ethical approvals

This study was approved by the Ethics Review Board of Hyogo Medical University (approval number: Rinhi0342)
and conducted in accordance with the principles of the Declaration of Helsinki. The participants were informed
of the study objectives and methods and provided written informed consent.

Diagnosis of lower SMI, sarcopenia, and frailty

The participants were divided into two groups: low SMI and normal SMI. Participants with an SMI of less than
7.0 kg/m? for men and 5.7 kg/m? for women were classified into the low SMI group based on the AWGS 2019
criteria’. The participants were also divided into non-sarcopenia and sarcopenia groups. Finally, frailty status
was diagnosed based on the Kihon Checklist (KCL), a self-administered questionnaire with 25 questions'*15.
The response options were “negative” (score: 1) and “positive” (score: 0), with a total score of 25. Referring to
Satake et al., scores of 8-25, 4-7, and 0-3 denoted frailty, prefrailty, and robustness, respectively'*1°.

Statistical analysis

Data are expressed as either mean *standard deviation, percentages, or median (interquartile range: IQR).
The Mann-Whitney U-test was used to compare the two groups. Pearson’s correlation analysis was used to
examine the correlation between each measurement. The QMCSA cutoff value was calculated to predict low
SMI, sarcopenia, or frailty by performing receiver operating characteristic (ROC) curve and area under the
curve (AUC) analyses. QMCSA with the highest Youden’s index (sensitivity + specificity — 1) was determined
to be the optimal cutoff point. Statistical significance was set at P<0.05. All statistical analyses were performed
using IBM SPSS ver. 27 (IBM Japan, Tokyo, Japan).

Results

Characteristics of participants

We measured the QMCSA in 519 older adults. Of these, nine individuals were excluded due to severe
cardiovascular, renal, hepatic disease, uncontrolled diabetes mellitus, and missing data. Therefore, 510 individuals,
consisting of 180 men and 330 women, with a median age of 75 years, were included in the final analysis (Table
1 and Supporting information, Fig. S1). Women were younger and had significantly higher systolic and diastolic
blood pressure and faster 5CS time, whereas men were significantly taller, with heavier body weight, higher
BMI, higher muscle mass, greater muscle strength, higher incidence of cardiovascular diseases, and a history
of cancer (Table 1). There was no difference in GS between men and women. The proportion of sarcopenia was
significantly higher in men than in women; however, no sex-based differences were found in the proportions of
robust, pre-frail, and frail cases (Table 1).

Relationship between QMCSA and body composition
The QMCSA used in the analysis was calculated as the average of these three measurements. The ICC [1.1] was
0.991 (95% Confidence Interval 0.960-0.999), suggesting that this device has a reasonable level of reproducibility.
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Total (n=510) | Men (n=180) | Women (n=330) | P-value

Age [IQR] (years) 75 (72, 80] 76 (73, 81] 75 (72, 79] <0.001
Height (cm) 155.30£8.56 163.98£6.36 150.57 £5.25 <0.001
Body weight (kg) 54.88+9.90 62.39+9.45 50.79+7.44 <0.001
BMI (kg/mz) 22.64+3.05 23.29+3.04 22.29+2.99 0.002
SBP (mmHg) 140.90+£17.31 | 138.83+17.08 | 142.04+17.33 0.045
DBP (mmHg) 79.55+11.41 78.11+11.33 | 80.33+11.37 0.035
Comorbid conditions, n (%)
Hypertension 56 (10.98) 23 (12.78) 33 (10.00) 0.338
Diabetes mellitus 11 (2.16) 4(2.22) 7(2.12) 0.940
Dyslipidemia 25 (4.90) 5(2.78) 20 (6.06) 0.100
Liver disease 5(0.98) 3(1.67) 2(0.61) 0.245
Kidney disease 6(1.18) 4(2.22) 2(0.61) 0.106
Cardiovascular disease 22 (4.31) 14 (7.78) 8(2.42) 0.005
Asthma 2(0.39) 1(0.56) 1(0.30) 0.663
Osteoporosis 11 (2.16) 1 (0.56) 10 (3.03) 0.066
RA & Collagen disease 4(0.78) 1 (0.56) 3(0.91) 0.665
Thyroid disease 7 (1.37) 2(1.11) 5(1.52) 0.708
Hematologic diseases 6(1.18) 3(1.67) 3(0.91) 0.448
Stroke 3(0.59) 2(1.11) 1(0.30) 0.254
History of cancer 19 (3.73) 11 (6.11) 8(2.42) 0.036
Muscle mass
QMCSA (cm?) 45.52+£10.05 54.41+£9.95 40.67£5.95 0.011
SMI (kg/mz) 6.41+0.95 7.34+0.74 5.90+0.61 <0.001
Muscle strength and physical performance
GS (m/s) 1.37+0.26 1.34+0.29 1.39+0.25 0.069
HGS (kg) 26.71+£7.09 33.64+6.64 22.95+3.67 <0.001
KES (Nm) 81.11+27.03 101.52+30.17 | 70.07+16.93 <0.001
5CS (s) 8.06+3.49 8.48+3.48 7.84+3.48 0.049
Sarcopenia, n (%) 48 (9.41) 26 (14.44) 22 (6.67) 0.004
Frailty (KCL)
Robust, n (%) 265 (51.96) 100 (55.56) 165 (50.00) 0422
Prefrail, n (%) 171 (33.53) 54 (30.00) 117 (35.45)
Frail, n (%) 74 (14.51) 26 (14.44) 48 (14.55)

Table 1. Basic characteristics of the study participants. IQR interquartile range, BMI body mass index, SBP
systolic blood pressure, DBP diastolic blood pressure, RA rheumatoid arthritis, QMCSA quadriceps muscle
cross-sectional area, SMI skeletal muscle mass index, GS gait speed, HGS handgrip strength, KES knee
extension strength, 5CS 5-chair-stand test, KCL Kihon ChecKklist.

Regarding the relationship between QMCSA and body composition by BIA, QMCSA showed a strong correlation
with both SMI and muscle mass of the extremities and trunk (Table 2). The correlation coefficient between the
QMCSA and appendicular skeletal muscle (ASM) and between QMCSA and SMI were 0.80 and 0.78 (P<0.001
and P<0.001, respectively) (Fig. 2). The correlation coefficient was significantly higher in men than in women
(Table 2 and Supporting Information, Fig. S2). In evaluating the correlation between QMCSA and age, there was
a significant correlation between the two values in men (R=—-0.50, P<0.001), but a very weak correlation was
found in women (R= -0.22, P<0.001) (Fig. 3).

Relationship between QMCSA and physical function
In terms of muscle strength, strong correlations were observed between QMCSA and HGS (R=0.70, P<0.001)
(Fig. 4a) and KES (R=0.69, P<0.001) (Fig. 4c). However, no significant correlations between QMCSA and GS
(R=0.08, P=0.064), and 5CS (R=-0.04, P=0.417) were seen (Supporting Information, Figs. S3a,c). In terms of
the correlation between SMI and each muscle strength and physical performance test, strong correlations were
observed between SMI and HGS (R=0.71, P<0.001) (Fig. 4b) and KES (R=0.60, P<0.001) (Fig. 4d). However,
no significant correlations between SMI and GS (R=-001, P=0.885), and 5CS (R=0.08, P=0.077) were seen
(Supporting Information, Figs. S3b,d). When evaluating the relationship between QMCSA, HGS, and KES based
on gender, a similar correlation was found in both men and women, but the correlation coefficients in women
were always lower than those in men (Supplemental Information, Figs. S4 and S5).

The median age of the young, healthy volunteers was 23 years, with 21 men (60.0%) and 14 women (40.0%).
As shown in Supporting Information Fig. S6a, there was a strong correlation between QMCSA and SMI (R=0.94,
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Total (n=510) | Men (n=180) | Women (n=330)

BMI 0.375 0.445 0.314
Skeletal muscle mass | 0.818 0.692 0.565
ASM 0.800 0.652 0.542
SMI 0.778 0.662 0.510
Body fat mass 0.186* 0.335 0.252
Soft lean mass 0.807 0.658 0.550
Lean body mass

Right arm 0.801 0.668 0.505

Left arm 0.795 0.630 0.529

Right leg 0.791 0.615 0.533

Leftleg 0.778 0.591 0.501

Trunk 0.807 0.671 0.538

Table 2. The correlation coefficient between QMCSA and body composition measured using the BIA method.
Except for the marked correlation, all P-values were<.001. *: P=.015. BIA bioelectrical impedance analysis,
ASM appendicular skeletal muscle, SMI skeletal muscle mass index.
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Fig. 2. Correlations between skeletal muscle mass parameters and QMCSA in older adults. (a) Correlation
between QMCSA and ASM. (b) Correlation between QMCSA and SMI. ASM: appendicular skeletal muscle,
SMT; skeletal muscle mass index.
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Fig. 3. Correlations between age and QMCSA. (a) Correlation between age and QMCSA in men. (b)
Correlation between age and QMCSA in women.
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Fig. 4. Correlations between muscle strength and either QMCSA or SMI in older adults. (a) Correlation
between HGS and QMCSA. (b) Correlation between HGS and SMI. (c) Correlation between KES and
QMCSA. (d) Correlation between KES and SMI. HGS: handgrip strength, and KES knee extension strength.

P<0.001). We found strong correlations between QMCSA and HGS (R=0.79, P<0.001) and between QMCSA
and KES (R=0.67, P<0.001) in young volunteers (Supporting Information, Fig. S6b,c).

QMCSA values between the normal and lower SMI groups and between non-frail and frail
groups
In terms of QMCSA between the normal and the lower SMI groups, the low SMI group exhibited significantly
lower QMCSA than that of the normal SMI group in both men and women (Fig. 5a). In the ROC curves, the
AUC values were 0.81 in men and 0.76 in women (Men: cutoff value 56.73 cm?, sensitivity 0.55, specificity 0.93.
Women: cutoff value 42.19 cm?, sensitivity 0.55, specificity 0.86.) (Fig. 5b). There was a significant difference in
the QMCSA between the non-sarcopenia and sarcopenia groups. The sarcopenia group exhibited significantly
lower QMCSA than that of the non-sarcopenia group in both men and women. (Fig. 5¢). The ROC curve of
QMCSA as a predictor of sarcopenia showed an AUC of 0.85 in men and 0.69 in women (Men: cutoff value 48.55
cm?, sensitivity 0.82, specificity 0.77, Women: cutoff value 39.12 cm?, sensitivity 0.59, specificity 0.73.) (Fig. 5d).
Finally, all participants were divided into a non-frail group and a frail group according to their KCL scores.
The non-frail group included robust and pre-frail. There was a significant difference in the QMCSA between
non-frail and frail groups. The frail group exhibited significantly lower QMCSA than that of the non-frail group
in both men and women (Fig. 6a). The ROC curve of QMCSA as a predictor of frailty showed an AUC of 0.78
in men and 0.59 in women (Men: cutoff value 51.83 cm?, sensitivity 0.85, specificity 0.65, Women: cutoff value
40.01 cm?, sensitivity 0.63, specificity 0.55.) (Fig. 6b).

Discussion

QMCSA measurement using a newly developed ultrasonic muscle imaging system showed a strong correlation
with SMI measured by the Inbody770, HGS, and KES (Table 2 and Figs. 2 and 4). The AUC for predicting low
SMI or sarcopenia was favorable, and the correlation between QMCSA and muscle strength was equivalent to
that between SMI and muscle strength (Figs. 4 and 5). Taken together with a previous paper reported by Matsui
et al.% the results of this study strongly suggest that measuring the QMCSA using a newly developed ultrasonic
muscle imaging system can be an alternative to BIA or DXA methods to diagnose sarcopenia.

An MRI-based cross-sectional study of participants aged 18-88 years found a steeper age-related decline in
lower-body muscle mass than in the upper body. In individuals aged 65 and older, thigh muscle mass accounts
for about 30% of total skeletal muscle mass'®, making it a good proxy for whole-body muscle. In addition, larger
muscles have a smaller coefficient of variation than smaller ones'”. Therefore, we assessed QMCSA using this
system.

Currently, CT and MRI are the only other methods to assess skeletal muscle mass in addition to the DXA
and BIA methods in EWGSOP2”!8. However, their cost and lack of defined cutoff values limit their clinical
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Fig. 5. QMCSA values in the normal and lower SMI groups and in the non-sarcopenia and sarcopenia
groups. (a) QMCSA value in either normal or lower SMI group divided by sex. (b) ROC curve of QMCSA as
a predictor of lower SMI. (¢) QMCSA value in either non-sarcopenia or sarcopenia group divided by sex. (d)
ROC curve of QMCSA as a predictor of sarcopenia. ROC receiver operating characteristic.
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Fig. 6. QMCSA values in the non-frail and frail groups diagnosed based on KCL. (a) QMCSA value in either
non-frail or frail group divided by sex. (b) ROC curve of QMCSA as a predictor of frailty status. The non-frail
group comprised a combination of the robust and pre-frail groups. KCL Kihon Checklist.

application®. Therefore, it is extremely important to find an alternative method for estimating muscle mass
that can be implemented in clinical settings’. The application of ultrasound in the treatment of sarcopenia has
been extensively studied. Mounting evidence demonstrates that muscle ultrasonography is a reliable tool for
estimating muscle mass and may serve as a potential screening method for sarcopenia®!°-2%, However, to obtain
a strong correlation, multi-site measurements or complex equations that incorporate factors such as height and
body weight can be cumbersome and time consuming?!?224-2628, When measurements are taken at a single
site, the correlation coefficient tends to be weak®!%20:2327 However, in this study, the ultrasonic system enabled
the measurement of QMCSA in only 30 s, demonstrating a strong correlation with SMI, HGS, and KES. These
results indicate that this system is superior to previous models and has the potential to diagnose sarcopenia
quickly and accurately.

Our study revealed a stronger correlation between QMCSA and both SMI and muscle strength in young
volunteers than in older adults (Table 2, Figs. 2 and 4, and Supporting Information Fig. S6). In addition, the
correlation coefficients between QMCSA and both SMI and muscle strength were stronger in men than in
women (Table 2 and Supplemental Information, Figs. S4 and S5). We speculate that several factors contribute to
generational and gender-based differences. First, muscle mass is greater in men than in women?*-*2, and fat mass
is greater in women'®!1%%, In addition, the components of skeletal muscle change with aging, and the decrease
in skeletal muscle with aging is particularly pronounced in men®****, Second, there are intrinsic differences
in muscle composition between sexes. Women exhibit higher levels of intramuscular fat deposits and fibrosis,
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which may be influenced by sex-hormone depletion of sex hormones®*. Consequently, it was speculated that
stronger correlations would be observed either in young volunteers or men than in older adults or women.

SMI is a skeletal muscle parameter adjusted for squared height. However, in this study, we did not adjust
QMCSA for height. While muscle mass is often normalized by height!®33, this may lead to misinterpretation when
assessing specific muscles via CT, MRI, or ultrasound because these methods provide cross-sectional images.
Additionally, height decreases with age due to vertebral fractures, disc height loss, and spinal degeneration®”,
potentially leading to muscle mass overestimation in older adults'®. Our analysis also showed that the correlation
between SMI and non-adjusted QMCSA was stronger than that between SMI and adjusted QMCSA.

In addition to the usefulness of this system as a diagnostic tool for sarcopenia, it can provide information
to predict frailty status in older adults diagnosed based on the KCL (Fig. 6). The concept of frailty includes
sarcopenia as a physical domain and indicates vulnerability to stress in older adults from a broader viewpoint™.
The KCL was originally developed to screen older adults requiring nursing care'*!'>. The KCL assesses several
domains including instrumental activities of daily living, mobility, falling, nutrition, oral function, social
withdrawal, cognitive function, and depression'*!>. The KCL has been proven to show a good correlation with
the Japanese version of the Cardiovascular Health Study on the diagnosis of frailty in older adults'®. Therefore,
the KCL was used to evaluate the frailty status in this study. Since the KCL includes items that reflect physical
function and nutritional status in older adults, it was speculated that this explains the good AUC value between
the QMCSA and frailty in our results (Fig. 6). The fact that this system is useful not only for sarcopenia, but also
for frailty diagnosis suggests that it helps medical treatment in older patients during home medical care and
facility entrance. Thus, this system can be widely used for the medical treatment of sarcopenia and frailty and it
was concluded that it can contribute to the development of this field.

Study limitations

This study had several limitations. First, there may have been a selection bias due to the nature of voluntary
participation in the medical check-up. This study was conducted in a small town of rural Japan. The inclusion
criteria required the participants to be capable of independent living and be able to visit the survey location.
As a result, those who attended the check-up may have had higher levels of daily life activities, which could
introduce a selection bias and affect the research results. The second limitation arises from the inability to
standardize the timing of the measurement. We conducted body composition measurements using BIA and
QMCSA assessments simultaneously. However, we cannot exclude the possibility that the variable timing of
these measurements may have influenced the results of this study*”%. Third, we did not assess muscle quality
in this study. Recent studies have suggested that ultrasonography has the potential to assess muscle quality
by evaluating muscle echo intensity>*-*2. We obtained data on muscle echo intensity in the study participants.
Therefore, we aim to clarify whether the estimation of muscle quality using muscle echo intensity increases the
precision of QMCSA measurements in future investigations. Fourth, this study did not include an assessment of
calf circumference (CC), which is recognized as a screening tool for sarcopenia by the AWGS 2019. Moreover,
the usefulness of BMI-adjusted CC and the calf muscle circumference index that was adjusted by subcutaneous
fat thickness has been reported**~*. Therefore, future studies comparing QMCSA with CC-based indices will be
necessary to clarify the diagnostic value of QMCSA. Finally, we showed different cutoff values of the QMCSA in
the ROC analysis for individual indices, such as low SMI, sarcopenia, and frailty. However, we believe that these
values should be standardized before clinical use. To achieve this, it is necessary to measure the QMCSA in a
larger group of individuals with normal SMI, low SMI, sarcopenia, or frailty. Unifying these results would allow
for the establishment of an appropriate cutoff value for the QMCSA in older adults.

Conclusion

QMCSA measured using the newly developed ultrasonic muscle imaging system showed a strong correlation
with muscle strength, such as HGS and KES, and skeletal muscle mass index measured using the bioelectrical
impedance analysis method, indicating the usefulness of this system in diagnosing sarcopenia. In addition,
QMCSA measurement may serve as a diagnostic aid in predicting the coexistence of frailty and exhibit great
potential in various clinical settings, such as patients receiving home care services or those with implanted
devices.

Data availability
Data supporting the findings of this study are available upon request from the corresponding authors. The data
are not publicly available because of privacy and ethical restrictions.
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