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Background: Sarcopenia is an age-associated syndrome of decreased skeletal muscle function and loss
of muscle mass. This cross-sectional study was designed to investigate whether ultrasound can be used
to quantitatively estimate muscle mass in older adults as an efficient assistive method for the diagnosis of
sarcopenia.

Methods: A cohort of 103 older adults older aged over 60 years who were at risk of sarcopenia, including
57 males and 46 females, was recruited. The participants underwent ultrasound to measure the muscle
thickness (MT) of 11 sites across the whole body. Bioelectrical impedance analysis (BIA) was then used to
estimate the appendicular muscle mass, and the correlation between skeletal muscle mass index (SMI) and
MT at different sites was studied. Finally, muscle mass estimation algorithms for older adults were developed
using multiple linear regression.

Results: Male participants had a significantly higher SMI (7.03+0.73 vs. 5.84£0.72 kg/m’, P<0.001)
and higher MT than female participants at all 11 sites (all P<0.05). The MT of Site 7 (rectus femoris and
intermedius femoris) in males had the strongest correlation with SMI (R=0.719, P<0.001). In females, the
MT at Site 3 (flexor pollicis longus, flexor digitorum superficialis, and brachioradialis) had the strongest
correlation with SMT (R=0.733, P<0.001). The MT of Site 7 was selected for a one-site algorithm; the R” and
standard error of estimate (SEE) values were 0.701 and 0.519 kg/m’, respectively. The MT of Site 3, Site 7,
Site 1 (biceps and brachialis), and Site 9 (tibialis anterior) were selected for a four-site algorithm; the R’ and
SEE values were 0.819 and 0.404 kg/m’, respectively.

Conclusions: MT measured using ultrasound is correlated with SMI at some sites, and the correlations
differ between men and women. When sex and age were included in the algorithm, the M'T at Site 1, Site
3, Site 7, and Site 9 were valuable for estimating SMI, with Site 7 being the best parameter among them.
Ultrasound-derived algorithms can achieve a satisfying fitting effect and provide new solutions for muscle

mass estimation in older adults.
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Introduction

Sarcopenia is an age-associated syndrome of decreased
skeletal muscle function and loss of muscle mass (1,2). The
prevalence of sarcopenia in people aged 65 years and over
is 11.5% and 16.7% in men and women, respectively (3).
Due to the continually declining birth rate and the increase
in average life expectancy, population aging has gradually
become a significant problem (4). Furthermore, sarcopenia-
related disability has increased the burden of the disease to a
considerable extent. Therefore, effective sarcopenia disease
management is extremely important, and how to efficiently
screen and target at-risk groups has become a key concern
in the clinical management of sarcopenia.

At present, clinicians mainly diagnose and evaluate
sarcopenia based on muscle strength, muscle mass,
and physical performance. According to the European
Working Group on Sarcopenia in Older People 2 (5),
magnetic resonance imaging (MRI) and computed
tomography (CT) are considered the gold standards for
non-invasive muscle mass assessment. However, the high
costs and lack of established cut-off values with these
imaging techniques limit their clinical application. Dual-
energy X-ray absorptiometry (DXA) is considered to be a
preferred alternative method to MRI and CT. However,
its use for community-dwelling older adults is not yet
feasible. Moreover, DXA carries a radiation risk and is
more expensive than bioelectrical impedance analysis
(BIA), which discourages many older adults. Given the
disadvantages of MRI, CT, and DXA, BIA has become
the first-choice diagnostic method for sarcopenia in many
medical institutions. BIA is usually based on DXA and other
methods as a reference standard for modeling electrical
impedance data and estimating muscle mass (6,7). However,
BIA also has several shortcomings, and BIA equipment is
not commonly available in primary medical institutions,
which limits its application in community-based disease
screening.

As a non-radiation and highly available medical
imaging technology, ultrasound for musculoskeletal
systems represents a breakthrough in the screening and
diagnosis of sarcopenia and related diseases (8). Abe et al.
(9,10) proposed a method that uses whole-body multisite
ultrasound to estimate muscle mass. However, this method
is time-consuming and does not meet the needs of disease
screening. Establishing a scanning program that can take
advantage of ultrasound would be a highly critical step in
improving the clinical management of sarcopenia.
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Our objective is to develop an ultrasound-derived
algorithm for estimating muscle mass in older adults. We
hypothesized that there would be a correlation between
muscle mass and muscle thickness (MT) at different
sites, and that MT at different sites would be a suitable
algorithm component for estimating muscle mass. Based on
this hypothesis, we designed this cross-sectional study to
investigate whether ultrasound can be used to quantitatively
estimate muscle mass in older adults, as an efficient method
to assist in the diagnosis of sarcopenia.

We present the following article in accordance with the
MDAR checklist (available at https://qims.amegroups.com/
article/view/10.21037/qims-21-685/rc).

Methods
Study participants

A total of 103 older adults who were at risk for sarcopenia
according the Asian Working Group for Sarcopenia 2019
guidelines (11) were recruited to this cross-sectional study
from the National Clinical Research Center for Geriatrics
in West China Hospital between June 2020 and May 2021.

Individuals were primarily included if they met criterion (I)
and any one of criteria (II) to (IV): (I) over 60 years of age;
(II) a calf circumference of <34 cm (for males) or <33 cm
(for females), or a Strength, Assistance with walking, Rise
from a chair, Climb stairs and Falls (SARC-F) score of >4 or
SARC-calf circumference (CalF) score of >11; (III) chronic
disease status including diabetes, chronic obstructive
pulmonary disease, and chronic kidney disease; and (IV)
recent unintentional weight loss.

The exclusion criteria were as follows: (I) amputated arm
or leg, (I) severe edema, (III) impaired consciousness, poor
general health, or other reasons which would prevent the
individual from completing the study.

BIA and ultrasound examinations were performed on all
participants. BIA was performed by a geriatrician using the
InBody 770 body composition analyzer (Seoul, South Korea).
The obtained appendicular skeletal muscle (ASM, kg)
results were divided by the square of the participant’s height
(m) to obtain the skeletal muscle mass index (SMI, kg/m’).
SMI was used in the analysis as described below. Ultrasound
examinations were performed by an experienced and trained
doctor in the Department of Medical Ultrasound. To
ensure the comparability between different examinations,
examinations of a particular participant were completed
within the same day.
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Figure 1 Measurement of target muscle thickness at Site 1 (A, biceps and brachialis), Site 2 (B, triceps), Site 3 (C-left, flexor pollicis longus,

flexor digitorum superficialis, and brachioradialis), Site 4 (C-right, flexor digitorum profundus, flexor digitorum superficialis, and flexor carpi

radialis), Site 5 (D, rectus abdominis), Site 6 (E, latissimus dorsi and external intercostal), Site 7 (F, rectus femoris and vastus intermedius),

Site 8 (G, vastus lateralis and vastus intermedius), Site 9 (H, tibialis anterior, Site 10 (I, gastrocnemius, soleus, and flexor digitorum longus),

and Site 11 (J, latissimus dorsi, serratus posterior inferior, longissimus thoracis, spinalis thoracis, and multifidus).

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of West China Hospital
of Sichuan University (No. 2020[258]), and informed
consent was obtained from all participants.

Ultrasound examination

According to the study of Abe er /. (10), other related
research (12-17), and our pre-experiment, 11 sites across
the whole body were selected to measure MT, as explained
below and as shown in Figure 1.

Site 1 (biceps and brachialis) and Site 2 (triceps): on
the anterior and posterior surface 60% distal between the
lateral epicondyle of the humerus and the acromial process
of the scapula.

Site 3 (radial side: flexor pollicis longus, flexor digitorum
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superficialis, and brachioradialis) and Site 4 (ulnar side: flexor
digitorum profundus, flexor digitorum superficialis, and
flexor carpi radialis): on the anterior surface 30% proximal
between the styloid process and the head of the radius.

Site 5 (rectus abdominis): approximately 3 c¢m to the
right of the umbilicus.

Site 6 (back: latissimus dorsi and external intercostal):
about 5 cm directly below the inferior angle of the scapula.

Site 7 (rectus femoris and vastus intermedius) and Site 8
(vastus lateralis and vastus intermedius): on the anterior and
lateral surface midway between the lateral condyle of the
femur and the greater trochanter.

Site 9 (tibialis anterior) and Site 10 (gastrocnemius,
soleus, and flexor digitorum longus): on the anterior
and posterior surface 30% proximal between the lateral
malleolus of the fibula and the lateral condyle of the tibia.

Site 11 (waist: latissimus dorsi, serratus posterior inferior,
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longissimus thoracis, spinalis thoracis, and multifidus):
at the first lumbar level. The 12% rib was located with
ultrasound, and then the first lumbar spine was located,
which corresponded to the whole muscle layer between the
vertebral arch and the superficial fascia.

Bony landmarks were located by palpation or ultrasound,
and then a soft ruler was used to locate the target point and
a transverse line was drawn at these sites.

The sonographic equipment used was the Aixplorer
Ultrasound system (SuperSonic Imagine, Aix-en-Provence,
France), with an SL 10-2 (SuperSonic Imagine, Aix-en-
Provence, France) multifrequency linear transducer. The
superficial musculoskeletal setting used was the ‘general’
default mode. The depth was adjusted according to the
scanned M'T;, and the focus was adjusted to the middle of
the muscle layer. The frame rate was kept beyond 30 Hz.

The room temperature was maintained at 21 to 24 °C.
After entering the examination room, each participant was
asked to have a quiet rest, and the measuring sites were
marked during this time. First, Sites 1, 3,4, 5, 7, and 9 were
scanned with the participant in a supine position. Then,
Sites 2, 8, and 10 were scanned with the participant in a
left lateral position. Finally, Sites 6 and 11 were scanned
with the participant in a prone position. Throughout the
procedure, the right upper limb of the participant was
kept close to their trunk, and their palm was kept facing
frontward.

Throughout the scanning process, the probe was coated
with sufficient coupling agent and kept vertical to the skin
without applying any pressure, allowing the gap between
the skin layer and the probe to be filled with coupling
agent. The muscle layer was observed continuously to check
whether it was compressed. After obtaining the ultrasound
images at the target sites, we measured the thickness of the
selected muscles. The epimysium was not included in the
measurement, and all measurements were recorded in mm.

BIA measurement

The participants were instructed not to eat, exercise, or
drink water within the 2 hours before the BIA test, and they
were asked to empty their bladder before measurement.
During measurement, participants were instructed to
remove metal accessories such as watches, stand barefoot
on the pedal, fit the round sensor onto their heel, straighten
and separate their arms, and hold the electrodes with both
hands. During the test, participants were asked to keep
their armpit and arm at an approximate 15-degree angle
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and to keep their inner thighs from touching each other.
Participants were asked to remain quiet for the entire
duration of the test, and each participant was tested only

once.

Statistical analysis

Statistical analyses were performed using SPSS 24.0
software (IBM, Armonk, NY, USA). The Shapiro-Wilk
test was used to confirm the normality of continuous
variables. Continuous variables that conformed to a normal
distribution were described as means + standard deviations,
and a #-test was used to assess differences between males
and females. For other variables, the median (25" percentile
to 75" percentile) was used, and a Mann-Whitney U test
was applied for comparison of males and females in the
case of nonnormally distributed continuous variables. The
Pearson correlation test was used to test the correlation
between M'T measured using ultrasound and BIA results.
Lastly, hierarchical multiple linear regression was used to
establish a predictive model of M'T under ultrasound for
SMI, while entering age and sex into the regression and
using a stepwise method to screen muscle layer thickness at
11 sites. Using this strategy, several sites that contributed to
the SMI estimation were identified, and the site that made
the biggest contribution was pinpointed. When sex was
entered into the regression, values of 1 and 0 were assigned
for males and females, respectively. After modeling, the
parameters which contributed to the model were retained
in the multiple linear regression. For multiple regression,
there are many ways to calculate the required sample size,
and results vary greatly depending on the method used
to calculate the sample size (18). One particular approach
recommends that the sample size be a minimum of five
times the number of independent variables (19). A P
value of <0.05 was used to indicate statistical significance
for two-sided tests. A scatter plot of BIA results with age
distribution among participants was drawn using R software
(The R Foundation for Statistical Computing, Vienna,
Austria) with the ggplot2 package.

Results
General characters of study participants

A total of 103 participants were included in this study,
including 57 males and 46 females. No data were excluded
from the analysis. The results for body mass index (BMI),

Quant Imaging Med Surg 2022;12(4):2498-2508 | https://dx.doi.org/10.21037/qims-21-685



2502

age, and SMI are shown in Table 1 and Figure 2. No
significant differences existed in age and BMI between
male and female participants, but the SMI obtained by BIA
for males was significantly higher than that obtained for
females. Also, as depicted in Figure 2, the SMI exhibited a
downward trend with age.

Correlations between MT and SMI

Table 2 shows the MT at each site in males and females. In
this study, the M'T was significantly thicker in males than in
females across all sites.

The correlations between M'T at each site and the SMI
measured using BIA are shown in Figure 3. In the heat
map, white represents a correlation coefficient of 0, and

Table 1 Age, body mass index, and SMI of male and female
participants in this study

Characteristics Male Female P value

Age (years) 71.0 (65.5-78.0) 70.0 (66.0-77.0)  0.224

BMI (kg/m?) 23.3+3.0 23.3+3.8 0.994

SMI (kg/m?) 7.03+0.73 5.84+0.72 <0.001

BMI, body mass index; SMI, skeletal muscle mass index.

Female

Tang et al. Ultrasound in sarcopenia

Table 2 Muscle thickness of 11 sites in males and females

Muscle thickness (mm)

Sites P value
Male Female
Site 1 28.9+4.0 23.8+4.0 <0.001
Site 2 27.3x7.9 23.1+8.3 0.014
Site 3 17.6+3.0 13.9+2.5 <0.001
Site 4 35.6+2.9 30.6+2.7 <0.001
Site 5 7.9+1.9 6.3+1.5 <0.001
Site 6 13.4+3.5 11.9+£3.3 0.034
Site 7 29.7+7.8 26.2+7.1 0.020
Site 8 18.7+4.8 14.9+3.7 <0.001
Site 9 26.3+2.6 23.1+£3.0 <0.001
Site 10 54.1+8.0 50.3+6.9 0.015
Site 11 22.6+4.5 20.2+4.0 0.007

Site 1: biceps and brachialis; Site 2: triceps; Site 3: flexor pollicis
longus, flexor digitorum superficialis, and brachioradialis; Site
4: flexor digitorum profundus, flexor digitorum superficialis, and
flexor carpi radialis; Site 5: rectus abdominis; Site 6: latissimus
dorsi and external intercostal; Site 7: rectus femoris and vastus
intermedius; Site 8: vastus lateralis and vastus intermedius; Site
9: tibialis anterior; Site 10: gastrocnemius, soleus, and flexor
digitorum longus; Site 11: latissimus dorsi, serratus posterior
inferior, longissimus thoracis, spinalis thoracis, and multifidus.

Male

A A A Gender
A A & Female
4 =& Male
A A
A
1 1 1
70 80 90

Figure 2 Distribution of bioelectrical impedance analysis results by age in male and female participants.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Quant Imaging Med Surg 2022;12(4):2498-2508 | https://dx.doi.org/10.21037/qims-21-685



Quantitative Imaging in Medicine and Surgery, Vol 12, No 4 April 2022

(n=103) All subjects

(n=57) Male

(n=46) Female

2503

Sites

0.401
06

0.389
0.4
0411  o0.197 02

ns

Figure 3 Correlation of muscle thickness of 11 sites and skeletal muscle mass index in male and female, and all study participants. In the

heat map, white represents a correlation coefficient of 0, and the darkest color represents a correlation coefficient of 0.8: the larger the

correlation coefficient, the darker the corresponding color. *, P<0.05; **, P<0.01.

Table 3 R’ and standard error of estimate values of two ultrasound-
based skeletal muscle mass index-estimating algorithms

Designations R® Algorithm (kg/m?) SEE (kg/m?)

Algorithm 1 0.701 Estimated-SMI=6.019
+1.031xSex
—0.025%xAge (years)

+0.060xMT of Site7 (mm)

0.519

Algorithm 2 0.819 Estimated-SMI =3.143
+0.474xSex

—0.020xAge (years)
+0.044xMT of Site1
+0.065xMT of Site3
+0.025xMT of Site7

+0.064xMT of Site9

0.404

mm
mm
mm
mm,

— e~ e~ =~

)
)
)
)

SMI, skeletal muscle mass index; MT, muscle thickness; SEE,
standard error of estimate; Sex: male =1; female =0; Site 1:
biceps; Site 3: flexor pollicis longus, flexor digitorum superficialis,
and brachioradialis; Site 7: rectus femoris and vastus intermedius;
Site 9: tibialis anterior.

the darkest color represents a correlation coefficient of 0.8:
the larger the correlation coefficient, the darker the color.
There were sex differences in the correlations between
different sites and the SMI. For instance, there was no
correlation between the MT of Site 2 and SMI in males, but
there was such a correlation in females. The MTs of Sites 6,
8, and 11 showed the opposite result: they were related to
SMI in males but not in females.

There were also intrasexual differences in the
correlations between different sites and the SMI. In males,
the highest correlation was found for Site 7 (rectus femoris
and intermedius femoris), with a correlation of 0.719.
The lowest correlation in males existed for Site 2, with a
correlation of 0.383. However, the correlation of Site 7 and
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SMI in females was only 0.585. Site 3 (flexor pollicis longus,
flexor digitorum superficialis, and brachioradialis of the
forearm) showed the highest correlation in females, with a
correlation of 0.733.

Establishment of muscle mass estimation algorithms

Based on the correlation analysis results, hierarchical
multiple linear regression was employed in an effort to
establish a predictive model of M'T under ultrasound for
SMI. The MTs at Site 1 (biceps), Site 3 (flexor pollicis
longus, flexor digitorum superficialis, and brachioradialis),
Site 7 (rectus femoris and vastus intermedius), and Site 9
(tibialis anterior) were found to contribute to the model,
with Site 7 making the largest contribution.

Based on the above results, a one-site prediction model
suitable for rapid muscle mass estimation and a four-site
predictive model with the highest diagnostic accuracy
were established. The one-site and four-site prediction
models are algorithms 1 and 2, respectively. The results
are shown in Table 3. The R2 values were 0.697 and 0.806
for algorithms 1 and 2, respectively. The standard error
of estimate (SEE) values were 0.519 and 0.404 kg/m’ for
algorithms 1 and 2, respectively.

Discussion

Our results show that SMI was correlated with M'T
measured using ultrasound at some sites, and that there
were sex differences in the correlations. This study has
demonstrated that SMI can be quantitatively estimated by
fitting algorithms that include sex, age, and MT, suggesting
that ultrasound can be an efficient assistive method for
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diagnosing sarcopenia.

Sarcopenia is a syndrome of decreased muscle mass
and muscle function in older adults (1,2). In the era of
population ageing, sarcopenia and related ensuing falls
and disability load a huge burden of disease onto society
and families. Extremely large numbers of older adults are
at risk of developing sarcopenia, and existing strains on
medical resources demand higher requirements for disease
screening.

At present, CT and MRI are the gold standards for non-
invasive assessment of skeletal muscle mass according to the
European Working Group on Sarcopenia in Older People.
However, their cost and lack of defined cut-off values limit
their clinical application. DXA, is the alternative preferred
method, but its use is not yet feasible for community-dwelling
older adults. Therefore, BIA has become the mainstream
method for muscle mass estimation in adults at risk for
sarcopenia. However, BIA stll has some technical limitations,
and BIA equipment is not available in many primary medical
institutions. Therefore, it is extremely important to find a
supplementary method for muscle mass estimation which can
be implemented more widely. The application of ultrasound
in sarcopenia has been extensively studied worldwide. Using
ultrasound, Abe et /. found that combining the MT at eight
sites throughout the body could predict the total body muscle
mass with an error of 1.13 kg (20), and their subsequent
research showed that the error in prediction using a single
site on the forearm was about 1.95 kg (21).

In the current study, we referred to the inclusion criteria
of the Asian Working Group for Sarcopenia 2019 for
patients at risk for sarcopenia. Our aim was to include
the broadest possible scope of older individuals with
potential risk of sarcopenia after screening. Consequently,
a considerable number of the older adults recruited did not
have sarcopenia or even a low SMI, and the average SMIs for
the male and female participants were 7.03 and 5.84 kg/m’,
respectively. Given that the objective of our research was
to establish a muscle mass estimation algorithm which is
applicable to older adults, we believe it was necessary to
include relatively healthy participants in this study.

In our study, male SMI and MT at all studied sites
were significantly higher than those of females, and the
SMI showed a downward trend with age. We also found
sex differences in the correlations between SMI and M'T
at different sites. Overall, the correlation between MT
and SMI was stronger in male participants. In males, the
MT of 10 out of the 11 sites scanned was correlated with
the SMI In contrast, for females, there was no significant

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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correlation between the MT and SMI at 3 out of the 11
sites. Even for the MT at the same site, the correlations
with SMI differed between men and women. We speculate
that these differences may be due to the following reasons.
Firstly, from the perspective of the microenvironment,
skeletal muscle is affected by a variety of hormones,
including testosterone, glucocorticoids, growth hormone
(GH), and insulin-like growth factor-1 (IGF-1), and there
are six differences in the levels of these hormones and
corresponding receptor levels. Studies have demonstrated
that excess glucocorticoids may cause muscle weakness
and atrophy with age through increased levels of the
glucocorticoid-amplifying enzyme 11 beta-hydroxysteroid
dehydrogenase type 1 (11pHSD1) in muscle (22), the
expression of which was found to be increased in older
women, with no age-associated differences observed in
men (23). In addition to this, the GH/IGF-1 axis has been
proven to be correlated with body composition, function,
and metabolism (24,25), and the correlation between muscle
power and IGF-1 has been reported to only exist in older
women and not in men (26). From a macroperspective,
muscle loss with age has been proven to be site-specific
(9,27,28), which means that the muscles at some sites
may atrophy at a faster rate, resulting in differences in
the correlations between SMI and MT at different sites.
Moreover, sex differences in morphology and muscle
loss with age have been observed and verified in previous
studies (27,29), which leads to differences in the correlation
between regional M'T and the total muscle mass of men and
women. Our results suggest that sex is a factor that must
be carefully considered when using ultrasound to estimate
muscle mass.

Based on the correlation and multiple regression
modeling results, we constructed a one-site ultrasound
algorithm designed for quick estimation of muscle mass
and a four-site ultrasound algorithm with the highest
accuracy. The four-site ultrasound algorithm achieved an
SEE value of 0.404 kg/m’, and the one-site ultrasound
algorithm achieved an SEE value of 0.519 kg/m’. Apart
from its accuracy, the main advantage of ultrasound lies
in its availability and efficiency. Ultrasound equipment is
available in almost all primary medical institutions, and
portable ultrasound machines can further broaden the usage
scenarios. For one-site ultrasound scanning, the process is
simple and time-saving, taking less than a minute. Moreover,
the reliability and validity of MT measurement have
been verified in a considerable number of studies (30-33).
Although BIA also has many portable solutions, it still has
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some technical limitations, including the fact that results
are affected by hydration status and water distribution in
the body (34). Also, for older adults who work in agriculture
in rural areas or manual labor, thickened callosities in palms
or feet may significantly affect measurement results (35).
In well-equipped medical institutions, these influencing
factors can be detected in time and controlled by medical
personnel. However, in the community-screening setting,
it is difficult for operators to conduct a strict assessment
of these potential influencing factors for every older adult,
which limits the use of BIA as a screening tool in the
community.

It cannot be concluded that sites that were not included
in our algorithm are of no value in sarcopenia. Our research
focused on the quantitative estimation of muscle mass,
looking to determine sites with predictive value for muscle
mass; however, we are aware of some studies on the value
of muscles at other sites. Ido et «l. (36), for instance, found
that ultrasound-derived abdominal MT could provide a
better assessment of sarcopenia in patients with obesity;
however, such patients were not included in our research.
Also, Fukumoto et /. (37) found that calf MT can predict
low SMI for sarcopenia and is more accurate than the
quadriceps femoris. However, our results showed that
the quadriceps may be more valuable than calf muscles in
the quantitative estimation of muscle mass. We speculate
that the calf muscles may atrophy obviously with age,
but this atrophy may be nonlinear and not in parallel to
the overall SMI decline, making the calf muscles a good
indicator for predicting low SMI but not a suitable indicator
for quantitative estimation of SMI. Furthermore, the
implementation details of ultrasound scanning in the two
studies were different: the participants in our study were
in a supine or lateral position, while the participants in the
former study were in a sitting position. This factor may also
be one of the sources of the difference in our observations.
In fact, every muscle has a unique medical value due to
muscles having different physiological functions. Further
research is needed to verify whether the muscles at other
sites in our study have a profound effect on the occurrence
and development of sarcopenia.

Regarding the ultrasound scanning program used in
this study, there are still some limitations, such as the
inability to quantitatively determine the state of fat or
fibrous infiltration in muscles, which may result in the
overestimation of muscle mass. Although some studies have
used echo intensity to estimate fat infiltration (38), the echo
intensity of the muscle layer is affected by the thickness
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of the subcutaneous fat layer (39). Even with the same
ultrasonographic settings, the echo intensity of the target
muscle could be different. Moreover, some studies have also
found that there may be differences in the rate of muscle
atrophy at different sites and between patients of different
races (40,41). This suggests that when ultrasound is used
as a screening tool in different countries and regions, the
parameters of the predicting algorithm should be corrected
or adjusted separately based on the data of the local
population.

Conclusions

MT measured by ultrasound at some sites is correlated with
SMI measured by BIA, and the correlation is different in
males and females. When sex and age were included in the
algorithm, the MTs of Site 1 (biceps), Site 3 (flexor pollicis
longus, flexor digitorum superficialis, and brachioradialis),
Site 7 (rectus femoris and intermedius femoris), and Site
9 (tibialis anterior) were valuable in estimating the SMI,
with Site 7 being the most valuable parameter among them.
Ultrasound-derived algorithms can achieve a satisfying
fitting effect and can provide new solutions for muscle mass
estimation in older adults.
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