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Background: Sarcopenia, defined as low muscle mass and low muscle strength and/or low
physical performance, is affecting more and more people. The European Working Group on
Sarcopenia in Older People has suggested the routine community screening. However, selecting
the most suitable method to evaluate muscle mass to detect sarcopenia in community screening
is a challenge. This study sought to analyze the correlation between ultrasound (US) measurements of the gastrocnemius muscle and low muscle mass, as defined by sarcopenia.
Methods: One hundred thirty-five elderly participants were enrolled. US measurements
included muscle thickness (MT), fat thickness (FT), MT/body mass index (BMI), and MT/FT.
The definition of low muscle mass was based on the proposal from the Asian Working Group
for Sarcopenia, in which the cutoff values for low muscle mass were 7.0 kg/m2 for men and
5.4 kg/m2 for women using dual energy X-ray absorptiometry (DXA). The participants were
divided into low and normal muscle mass groups. Participants with low muscle mass were
divided into presarcopenia, sarcopenia, and severe sarcopenia groups.
Results: Those in the low muscle mass group were older and had lower weights and BMIs
(P,0.05). In addition, MT and MT/BMI were lower in the low muscle mass group (P,0.05).
Binary logistic regression analysis revealed that MT was the factor associated with low skeletal
muscle mass (OR =0.001, P,0.001). ANOVA revealed that MT was not significantly different
between subjects with presarcopenia, sarcopenia, and severe sarcopenia (F=1.69, P=0.192).
Receiver operating characteristic curve analyses indicated that the cutoff value of the gastrocnemius MT for low muscle mass was 1.50 cm.
Conclusion: MT measured by US was identified as the factor associated with low skeletal muscle
mass. Those with gastrocnemius MT less than 1.5 cm can be considered as low muscle mass.
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Sarcopenia is defined as a geriatric syndrome characterized by progressive and
generalized loss of skeletal muscle mass and muscle function (muscle strength and/or
physical performance) with a risk of adverse outcomes, such as physical disability,
falls, poor quality of life, and death.1–3 It has been reported that sarcopenia is related to
obesity, metabolic syndrome, blood sugar abnormality, cardiovascular disease, osteoporosis, fracture, cognitive impairment, and depression.4–6 The diagnosis of sarcopenia
requires documentation of muscle mass and documentation of muscle strength and/or
physical performance.7–10 The European Working Group on Sarcopenia in Older People
(EWGSOP) has suggested a conceptual staging system that progresses from “presarcopenia” (low muscle mass only) and “sarcopenia” (low muscle mass with low muscle
strength or low physical performance) to “severe sarcopenia” (low muscle mass with
low muscle strength and low physical performance).7 Currently, sarcopenia affects more
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than 50 million people and will affect more than 200 million
people in the next 40 years.7 Thus, the EWGSOP suggests
that elderly people should be screened routinely in communities.7 At present, consensus statements from different regions
around the world generally suggest using dual energy X-ray
absorptiometry (DXA) and bioelectrical impedance analysis
(BIA) to gage muscle mass, grip strength to gage muscle
strength, and gait speed to gage physical performance. In fact,
there are several methods to measure muscle mass, such as
anthropometry, 24-hour creatinine measurement, ultrasound
(US), computed tomography (CT), magnetic resonance
imaging (MRI), DXA, and BIA. MRI and CT are known
as the gold standards for measuring skeletal muscle mass
and have been used primarily for basic or clinical research
studies. However, these methods are limited because they
are expensive and not portable and CT involves exposure to
radiation. DXA and BIA have been widely and commonly
used in the diagnosis of sarcopenia. However, the results
form BIA can be affected by the formula of the instrument,
the measurement environment, and the condition of the skin,
as well as the alterations in hydration status.11 Despite the
minimal radiation exposure from DXA, it is difficult to use
in community-wide screenings of sarcopenia. In addition,
DXA is not portable. Moreover, other methods of predicting
skeletal muscle mass show poor accuracy.
Thus, selecting the most suitable method for evaluating
muscle mass in a community setting is a challenge. Since
most of the skeletal muscle in the body exists in the limbs, the
amount of muscle in the limbs represents the overall muscle
mass.12 It was indicated that the US prediction equation is a
valid method to predict skeletal muscle mass and represents
an alternative to MRI measurement.13 US is portable and
has the advantage of rapid measurement time. Furthermore,
the skeletal muscle mass measured by US has been shown
to be suitable.14
The primary purpose of the present study was to analyze
the correlation between skeletal muscle mass and skeletal
muscle measurements obtained by US and to select appropriate diagnostic cutoff values of US measurements for low
muscle mass, as defined by sarcopenia.

Methods
Participants
In this cross-sectional study, 183 participants (50 males
and 133 females, aged $60 years) who were admitted to
a community health examination in Health Management
Center, The First Affiliated Hospital, Medical College,
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Zhejiang University, Hangzhou, Zhejiang, China, were
enrolled. All participants were evaluated, including medical
histories and clinical examinations. Participants with severe
liver disease, kidney disease, diabetes, obesity, cardiovascular disease, cancer, and neuromuscular diseases, such as limb
fracture, joint ligament injury, acute/chronic pain, cognitive
impairment, and dementia, were excluded from this study,
as were those who were taking drugs affecting metabolism,
such as corticosteroids, estrogen, and thyroid hormone.
A total of 48 (26.23%) participants were excluded. Twentyfive participants temporarily refused to undergo DXA
examination because of radiation exposure, and twenty-three
participants were unable to perform the routine US position.
Finally, 135 participants (39 males and 96 females, aged
71.25±7.64 years) were included in this study.
All the participants were informed about the study procedure, and they provided a written informed consent before
participating in the study. This study was approved by the
ethics committee of The First Affiliated Hospital of Zhejiang
University, Hangzhou, Zhejiang, China.

US measurements
Skeletal muscle measurements were done for the gastrocnemius muscle. The participants lay in the prone position with
their legs extended and relaxed and with their feet hanging
off the examination bed. The examiner held the US probe
(2–10 MHz, Aixplorer; Aix-en-Provence, France) close to
the skin, with the beam perpendicular to the surface of the
skin, then probed the medial cross section of the medial
head of the gastrocnemius muscle, and found the largest
cross-sectional area as the standard section, marking the
corresponding body surface. US measurements included fat
thickness (FT, distance between the upper aponeurosis and
skin) and muscle thickness (MT, distance between the upper
and deeper aponeurosis) on the axial view (Figure 1), which
were measured to the nearest 0.01 cm. All the measurements
were completed in the right lower limb. The participants were
asked to take rest for 20 minutes after the first US measurements. The second US measurements were then taken in the
marked point of the right lower limb. The final result was
the average of the two measurements. The US measurements
were carried out by one examiner (with 10 years of experience) who was blinded to the study results.

Anthropometry parameters
The subjects’ current weight, height, and body mass index
(BMI) were measured. Participants were measured in a room
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Figure 1 US imaging of the gastrocnemius muscle.
Note: FT (line A) and MT (line B) are illustrated on the axial view.
Abbreviations: FT, fat thickness; MT, muscle thickness; US, ultrasound.

with a temperature of 25°C and were required to take off the
heavy coats. These parameters were measured using an US
examination machine (SK-CK/TCS-160D-W/H; Shuangjia,
Shenzhen, China). Body weight and height were measured
to the nearest 0.01 kg and 0.01 m, respectively. BMI was
calculated as weight (kg) divided by height2 (m2).

Analysis indicators
Herein, we used the BMI-adjusted definition of MT/BMI
and the FT-adjusted definition of MT/FT. Finally, the
analysis indicators in this study were as follows: gender
(male and female), age (years), weight (kg), height (m),
BMI (kg/m2), FT (cm), MT (cm), MT/BMI (cm/kg/m2), and
MT/FT (cm/cm).

Muscle mass
Participants underwent whole-body DXA (DISCOVERY-W
fan-beam densitometer; Hologic Inc., Waltham, MA, USA),
which can distinguish between three body components (fat
mass, bone minerals, and fat-free soft tissue) using different X-ray attenuation properties. DXA was used to evaluate skeletal muscle mass. A height-adjusted definition of
muscle mass/height2 was used, and the result was recorded
in kilogram per meter square.

Muscle strength
Muscle strength was assessed by measuring grip strength
using a JAMAR hand dynamometer (Asimow Engineering,
Los Angeles, CA, USA). Participants were seated with
their shoulders in an anatomical position and their elbows
at 90° flexion. The participants were shown how to use the
dynamometer and were then asked to press on the grip for
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5 seconds using their greatest possible force. The measurement was repeated after 1 minute. Both hands were measured
separately, and the highest score was registered. The mean
values of three trials were recorded in kilogram.

Physical performance
Physical performance was assessed by measuring gait speed
with the 6-minute walk test. All the subjects were asked to
walk at their normal gait speed. Gait speed was calculated
as the average of two measurements and was recorded in
meter per second.

Diagnostic criteria
The definition of sarcopenia was based on the proposal
from the Asian Working Group for Sarcopenia (AWGS).9
The recommended cutoff values for low muscle mass were
7.0 kg/m2 for men and 5.4 kg/m2 for women using DXA.
The recommended cutoff values for weak hand grip strength
were 26 kg for men and 18 kg for women. The cutoff value
for slow gait speed was 0.8 m/s.
According to the proposal from the EWGSOP, all the
participants were divided into the following four groups:
normal, presarcopenia, sarcopenia, and severe sarcopenia.
In this study, the normal group included individuals with
normal muscle mass, while the low muscle mass group
included individuals with presarcopenia, sarcopenia, and
severe sarcopenia.

Statistical analyses
To compare the characteristics of the normal and low muscle
mass groups, such as age, weight, height, BMI, FT, MT,
MT/BMI, and MT/FT, an independent t-test was performed
and the results are represented as the mean ± SD. A chi-squared
test was also performed to assess the effects of gender.
Binary logistic regression was performed in order to
detect the potential variables for low muscle mass, results of
which were shown using the ORs and their 95% CI.
ANOVA was used for categorical comparisons to analyze
the differences between the presarcopenia, sarcopenia, and
severe sarcopenia groups.
The potential variables for low muscle mass were then
analyzed using the receiver operating characteristic (ROC)
curve analysis. When a significant cutoff value was observed,
the sensitivity, specificity, and area under the curve (AUC)
were presented.
Statistical analyses were performed using SPSS Version
17.0 for Windows software (SPSS Inc., Chicago, IL, USA).
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The two-sided values of P,0.05 were considered statistically significant.
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Results
There were 76 participants who have low muscle mass suffering from sarcopenia among 135 participants. Participants
in the low muscle mass group were older and had a lower
body weight and BMI (P,0.05). The US measurements, such
as MT and MT/BMI, were lower in the low muscle mass
group than those in the normal muscle mass group (P,0.05).
However, gender, height, FT, and MT/FT were not significantly different between the two groups (Table 1).
Table 2 shows the results of the binary logistic regression
analysis evaluating the factor associated with low skeletal
muscle mass. MT was the only significant factor associated
with low muscle mass (OR =0.001, P,0.001).
The low muscle mass group (n=76) included participants with presarcopenia (n=57), sarcopenia (n=14), and
severe sarcopenia (n=5). The MT in each group is shown in
Table 3. MT was used as the test variable in the ANOVA,
and the results indicated no significant difference between
the presarcopenia, sarcopenia, and severe sarcopenia groups
(F=1.69, P=0.192).
ROC curve analyses are shown in Figure 2. The sensitivity and specificity were 0.70 and 0.76, respectively, and
AUC was 0.82, when the cutoff of MT for low muscle mass
was 1.50 cm (P,0.001).

Discussion
Brodie15 indicated that US is widely used for evaluating
human body composition. There have been many reports
of US measurements of skeletal muscle, such as skeletal

muscle cross-sectional area, skeletal MT, FT, pennation
angle, fascicle length, and echo intensity, among others.
Jones et al16 investigated 24 adult cadavers with depth gage
measurements of adipose to establish the validity between
measurements of adipose thickness using US and radiography. The results showed a very close agreement between
the US and radiography measurements on cadavers. Studies
reported earlier also revealed the strong precision of US measurements for trunk and appendicular skeletal MT.17,18 It had
been reported a significant and high correlation between
skeletal muscle cross-sectional area and MT.19 Additionally,
the pennation angle and fascicle length were confirmed to be
the pertinent parameters measured to assess muscle mass.20,21
Some studies have reported changes in skeletal muscle with
aging, such as increased intramuscular fat and altered echo
intensity.22–24 Thus, the expected US measurements investigated in the current study included MT, FT, skeletal muscle
cross-sectional area, muscle fascicle length, pennation angle,
and echo intensity in muscle. Unfortunately, it was difficult
to show all the participants’ comprehensive imaging in one
US screen, which might lead to inaccurate measurements of
the cross-sectional area and fascicle length. The measurement of pennation angle was related to examiner-dependent
techniques, as pennation angles were strongly influenced
by the adjustment of the US probe.19 The measurement of
echo intensity was affected by depth. In addition, it was
impossible to compare the echo intensity values with those
obtained using different devices because of the lack of a clear
criterion for the echo intensity value. The US measurements
of skeletal muscle above might be unsuitable for the routine
community screening. Fortunately, the corrected limb measurement has been shown to be a reliable and accurate method

Table 1 Baseline characteristics of the normal and low muscle mass groups
Normal muscle mass
(n=59), mean ± SD

Low muscle mass
(n=76), mean ± SD

χ2 or T

P-value

Gender (n)
Male/female

17/42

22/54

,0.001

0.986

Age (years)

69.34±7.06

73.20±8.08

-2.96

0.004

Weight (kg)

64.97±10.23

58.94±10.19

3.40

0.001

Height (m)

1.61±0.07

1.59±0.09

1.13

0.260

BMI (kg/m2)

24.99±2.78

23.10±2.65

3.99

,0.001

FT (cm)

0.46±0.17

0.43±0.17

0.87

0.387

MT (cm)

1.63±0.23

1.37±0.18

7.28

,0.001

MT/BMI (cm/kg/m2)

0.07±0.01

0.06±0.01

4.06

,0.001

MT/FT (cm/cm)

4.44±2.81

3.81±1.86

1.48

0.142

Variables

Notes: An independent t-test was performed in age, weight, height, BMI, FT, MT, MT/BMI, and MT/FT. Chi-squared test was performed in gender. Age, weight, BMI, MT,
and MT/BMI were significantly different between the normal muscle mass and low muscle mass groups (P,0.05).
Abbreviations: BMI, body mass index; FT, fat thickness; MT, muscle thickness.
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Variables

B

Wald

P-value

OR

95% CI

MT

-7.15

26.65

,0.001

0.001

0–0.01

Notes: The dependent variable was muscle mass. The independent variables included
age, weight, BMI, MT, and MT/BMI. Low muscle mass was attributed to a value of 1,
and normal muscle mass was attributed to a value of 0. MT was the only factor
associated with low muscle mass.
Abbreviations: BMI, body mass index; MT, muscle thickness.

for estimating skeletal MT. A review analyzed 17 literature,
and 69.23% of the literature studied muscle mass in the
elderly by measuring MT with US.25 All told, the relevant
US measurements among the analysis indicators in this study
included FT, MT, MT/BMI, and MT/FT.
The gastrocnemius muscle was evaluated in this study
for comparison to commonly applied/suggested anthropometric parameters for predicting sarcopenia.26 Moreover,
Jones et al16 reported agreement between US and radiography
measurements by measuring the calf (r=0.98).
Our study divided participants into normal and low
muscle mass groups. Those with low muscle mass were older
and lighter in weight and had thinner muscles, including
the MT/BMI. These results are in agreement with previous
reports.26,27 However, according to the binary logistic regression results, there was only one significant factor associated
with low muscle mass. The result obtained herein is similar
to the studies before, in which the participants were divided
into sarcopenia and nonsarcopenia groups.26,27 Thinner MT
might be caused by the loss of muscle mass with aging.
Considering the existence of low muscle mass in all
groups (presarcopenia, sarcopenia, and severe sarcopenia),
the presence of differences in MT between the three stages
is another question. Morat et al reported that MT was not
significantly different between three different sarcopenia
groups, which is in line with the development of the sarcopenia definition over the last several years. In this study,
the results were in agreement with these findings and muscle
strength and physical performance might play more important
roles in different stages.11 In addition, Abe et al17 reported

Table 3 MT in the presarcopenia, sarcopenia, and severe sar
copenia groups, given as the mean and SD
Variables

Mean

SD

95% CI

Presarcopenia (n=57)

1.39

0.19

1.34–1.44

Sarcopenia (n=14)

1.33

0.09

1.27–1.38

Severe sarcopenia (n=5)

1.26

0.28

0.91–1.60

Note: ANOVA was performed, with F=1.69 and P=0.192.
Abbreviation: MT, muscle thickness.
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Table 2 Binary logistic regression analysis of the muscle mass
model
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Figure 2 The result of ROC analysis of the gastrocnemius MT value in predicting
low muscle mass.
Note: The tracings include ROC analysis of MT value in predicting low muscle mass
(blue line) and baseline line (green line).
Abbreviations: MT, muscle thickness; ROC, receiver operating characteristic.

that the reproducibility of thickness measurements by ultrasonography was high (r=0.96–0.99).
It is well known that body fat distribution and fat mass
are different between men and women. However, there
was no significant difference between men and women for
muscle mass values estimated by US.13,28 One reason for these
disparate results likely involves the fact that women have
a larger proportion of muscle mass in their lower bodies.29
Another reason might be the age-related declines in androgen concentrations, which may be a strong etiologic factor
for sarcopenia.30 Previous studies also showed significantly
greater muscle mass in men compared to that in women at
all ages and greater loss of muscle mass in men compared
to that in women with increasing age.29,31 The current study
indicated that muscle mass was not significantly different
between males and females. Although consensus statements
from different regions of the world have suggested diagnostic
criteria for males and females respectively, ROC analyses
on the prediction of low muscle mass in this study included
both males and females and the cutoff value of muscle mass
thickness was 1.50 cm. It had been reported that the cutoff
value of muscle mass thickness for the prediction of sarcopenia was 1.69 cm for the right gastrocnemius muscle.26
The difference in the cutoff values for MT between these
two studies might be caused by different classifications of
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participants (normal and low muscle mass, comparing sarcopenia and nonsarcopenia) and participants from different
regions (comparing Asia and Europe).
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Limitations
The potential limitations of this study include the low sample
numbers and the fact that the subjects mainly came from the
same region. Thus, the results of this study cannot be used to
represent US measurements of the gastrocnemius muscle in
a wide range of people. Moreover, this study lost 23 participants who were unable to perform the routine US position.
These participants may suffer from severe sarcopenia. Thus,
some potential participants with sarcopenia might be lost in
this study. In addition, the loss of muscle mass in sarcopenia is
a relatively slow process – 0.37 kg/year for the entire body.32
Thus, a comprehensive evaluation of the loss of muscle mass
will require a study period of greater than 5 years.

Conclusion
Although DXA is the first choice for measuring muscle
mass in patients with sarcopenia, DXA is not suitable for
community screening. In this study, we have found the appropriate method to measure muscle mass – US measurement
of gastrocnemius MT. This method is easy to master, with
little deviation, and is convenient. According to the results
of this study, the older people (including men and women)
with gastrocnemius MT less than 1.5 cm can be considered
as low muscle mass. It is hoped that US measurements would
bring greater convenience for the diagnosis of sarcopenia in
community screening.

Disclosure
The authors report no conflicts of interest in this work.
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