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Background: Sarcopenia is typically defined as the loss of muscle mass, strength and low

physical performance with aging. Ultrasound is a safe and easy method for evaluating muscle

mass and quality by muscle thickness (MT) and pennation angle (PA), respectively. Although

the positive correlations between MT and muscle mass and handgrip strength were observed,

the relationship between MT, PA and physical performance remains unclear.

Purpose: This study aimed to investigate the correlation of aforementioned ultrasound

parameters with muscle mass, muscle strength and physical performance and explore the

utility of ultrasound in predicting sarcopenia.

Patients and methods: A total of 265 elderly Chinese community dwellers were included.

MT of both forearm and lower leg as well as PA of gastrocnemius was assessed by

ultrasound. Muscle mass was assessed by dual-energy X-ray absorptiometry. Muscle strength

was measured by a Jamar hand dynamometer. Physical performance was assessed by the

Short Physical Performance Battery (SPPB).

Results: Anterior radial MT in men and regional MTs except posterior fibula in women were

negatively correlated with the age. No significant correlation was observed between PA and

the age in both genders. Posterior tibial MT and posterior fibula MT were positively

correlated with the relative appendicular skeletal muscle mass in men and women, respec-

tively. Anterior ulnar MT was positively correlated with grip strength in both genders.

Moreover, gastrocnemius medialis PA showed a positive association with gait speed and

SPPB in women but not in men.

Conclusion: A combination of posterior fibula MT, anterior ulnar MT and gastrocnemius

medialis PA measured by muscle ultrasound is helpful for the assessment of sarcopenia in

Chinese elderly women. In addition, a combination of posterior tibial MT and anterior ulnar

MT measured by muscle ultrasound is helpful for the assessment of sarcopenia in Chinese

elderly men.

Keywords: B-mode ultrasound, muscle thickness, pennation angle, muscle mass, muscle

strength, physical performance

Introduction
Sarcopenia is typically defined as the loss of muscle mass, strength and low

physical performance with advancing age.1 The prevalence of sarcopenia is

reported to be 5–13% in adults aged 60–70 years and up to 50% in those older

than 80 years.2 The main consequences of sarcopenia include numerous physiolo-

gical and psychosocial impacts, such as physical inactivity, loss of independent
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living and related depression/social isolation, frailty, falls,

increased risks of chronic diseases such as diabetes,

osteoarthritis, osteoporosis and coronary artery disease

and increased mortality.3 Therefore, early recognition and

intervention are important to mitigate deleterious out-

comes in patients with sarcopenia.

Muscle mass depletion is an important characteristic of

sarcopenia. Currently, muscle mass can be assessed by

dual-energy X-ray absorptiometry (DXA), bioelectrical

impedance (BIA), magnetic resonance imaging (MRI)

and computed tomography (CT). Compared with the rela-

tively high cost of CT and MRI, the radiation exposure of

CT and DXA and the overestimate of muscle mass by

BIA, B-mode muscle ultrasound shows several advantages

such as simplicity, low cost, real-time, easy transport, and

radiation-free. Therefore B-mode muscle ultrasound may

be a potential method for assessing muscle mass and

quality in every clinical setting.4 As we know, the age-

related decline in muscle mass does not proceed in all

anatomic regions at the same pace.5 Therefore, site-speci-

fic assessment of loss of muscle mass may be required for

early and accurate detection, and the “regional” or “site-

specific sarcopenia” has been detected by muscle

ultrasound.6,7

However, defining sarcopenia only in terms of muscle

mass has limited clinical value, while age-related decline

of muscle strength and physical performance, which can

reflect muscle quality and function, could be extremely

important in evaluating sarcopenia. Compared with muscle

mass, muscle strength declines much more rapidly with

aging and may contribute to a high prevalence of falls,

disability and mortality.8–10 Skeletal muscle strength is

highly dependent on muscle mass, composition and archi-

tecture. Handgrip strength is the preferred method to

assess muscle strength. In addition, the capacity to live

independently is crucial to good quality of life, and low

physical performance is the intimidation of an independent

lifestyle at older age. Physical performance assessments

such as the Short Physical Performance Battery (SPPB)

can provide some perspective on the functional conse-

quences of poor muscle quality. Low SPPB score has

been shown to correlate with disability, decreased mobility

and other clinical parameters including mortality.11

Nowadays, ultrasound is widely used to assess muscle

mass and architecture which is related to muscle strength

by muscle thickness (MT) and pennation angle (PA),

respectively. Numerous studies have found a positive cor-

relation between MT and handgrip strength, whereas the

relationship between MT and physical performance

remains uncertain.12–14 Up to now, only a few studies

investigated the relationship between PA and muscle

strength and no significant correlation was observed,15,16

while the association between PA and physical perfor-

mance remains unclear.

The aim of this study was to sonographically assess the

regional MTs of both forearm and lower leg as well as PA

of gastrocnemius in elderly Chinese community dwellers

and to investigate the association between the ultrasound

parameters with muscle mass, muscle strength and physi-

cal performance in order to explore the utility of ultra-

sound measurements in predicting sarcopenia.

Material and methods
Study participants
The study subjects were selected from 348 elder commu-

nity dwellers who participated in the annual health screen-

ing program at Huaqiao Road Community Health Service

Center in Jiangsu, China, from May to October 2017. The

inclusion criteria were 60 years or older. After extensive

description of the study, 316 people participated in our

study. 21 patients were excluded who had diseases that

may affect muscle metabolism such as inflammatory myo-

pathy, Parkinson’s disease, stroke, myocardial infarction,

significant liver disease, creatinine clearance of <30 mL/

min or cancer. Mental and nutrition status of the study

subjects was assessed by mini-mental status examination

(MMSE) and mini-nutritional assessment (MNA), respec-

tively, and 9 subjects with cognitive impairment or mal-

nutrition were excluded. 2 subjects who were unable to

walk independently or had severe painful hand or wrist

problems were also excluded. Among the remaining 284

subjects, 19 subjects who failed to go through the assess-

ment of sarcopenia were excluded. Finally, 97 men and

168 women were included in this study.

Muscle mass, grip strength and physical

performance assessment
The DXA scanner (Hologic Inc., Bedford, MA, USA) was

used to measure total lean mass (LM) and regional LM

including android, gynoid, trunk, upper limb and lower

limb. Limb lean tissue mass (appendicular) was used as a

good proxy for muscle mass. Appendicular lean mass

(aLM) was calculated as the sum of LM in the arms and

legs. The relative appendicular skeletal muscle mass

(RASM) was calculated as aLM divided by height squared
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(aLM/height2, kg/m2). The instruments exhibited stable

long-term performance [coefficient of variation (CV)

<0.5%] and satisfactory in vivo precision.

The grip strength of the dominant hand was measured

three times by a hand dynamometer (Jamar®, Los

Angeles, CA, USA). Three attempts with a 1-min interval

between them were recorded, and the maximum value (in

kg) was considered for further analysis.

Physical performance was assessed by SPPB including

measurements of walking speed, standing balance and

ability to rise from a chair as previously described.17 The

assessments were performed by a single examiner in a

silent room dedicated for clinical evaluations to avoid

distractions during the procedures.

Ultrasound measurements
A B-mode ultrasound (Philips iU Elite, Bothell, WA,

USA) with a linear transducer (5–12 MHz) was used to

evaluate MT and PA. Cross-sectional images of the fore-

arm MT were obtained on the anterior of the right forearm

(at 30% proximal between the styloid process and the head

of the radius) when the participants were in the supine

position with their elbow extended, relaxed and their fore-

arm supinated. Cross-sectional images of the lower limb

MT were obtained on the posterior of the right shank (at

30% proximal between the lateral malleolus of the fibula

and the lateral condyle of the tibia) when the participants

were in the prone position with their legs extended and

their feet hanging on the side of the examination table. MT

was defined as the distance between subcutaneous adipose

tissue–muscle interface and muscle–bone interface of

radius, ulna, tibia and fibula (Figure 1A and B). PA (the

angle of insertion of muscle fascicles into the deep apo-

neurosis) was measured on the longitudinal view by rotat-

ing the probe parallel to either the lateral or medial head of

sural muscle on the position where we measured MT of the

lower limb (Figure 1C and D). The probe was coated with

water-soluble transmission gel to provide acoustic contact

and reduce pressure. The pressure was reduced while

scanning by suspending the linear probe on the skin sur-

face and keeping perpendicular to the bed to achieve a

clear image. To obtain precise measurements of muscle

parameters, all measurements were performed by the same

sonographer with 5 years of experience. All data were

measured three times, and the average value was used

for further analysis.

Statistical analysis
Descriptive data were shown as the mean ± SD.

Differences in basic characteristics by gender were com-

pared using Student’s t-test for continuous variables. The

association between the age and other basic characteristics

was determined using Pearson’s correlation analysis. The

association between MT, PA and regional LM, grip

Radius

Ulna
Tibia

Fibula

Gastrocnemius medialGastrocnemius lateral

3.5 3.5

8.05.0

x

x

A B

C D

Figure 1 Typical ultrasound images. Transversal ultrasound images of anterior radial muscle and anterior ulnar muscle (A), posterior tibial muscle and posterior fibula

muscle (B). Maximal muscle thickness was measured separately between the upper fascia to radius and ulna leading edge or to tibia and fibula trailing edge at the widest

distance. Pennation angles were measured between muscle fiber and the deep fascia of the muscle (C and D).
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strength, gait speed or SPPB was determined using

Pearson’s correlation analysis after adjustment for the

age. Multiple linear regression models were used for

RASM, grip strength, gait speed and SPPB analyses. All

statistical analyses were performed using SPSS version

20.0 (IBM Corp, Armonk, NY, USA), and p<0.05 was

considered a significant difference.

Results
Comparison of general characteristics

between men and women
The study population consisted of 97 men (mean age: 69.33

±6.77 years) and 168 women (mean age: 67.79±6.17 years).

The general characteristics, MT and PA assessed by ultra-

sound, muscle mass, grip strength, gait speed and SPPB of

the study population, are shown in Table 1. There were no

significant differences in the age, body mass index (BMI),

PA, gait speed and SPPB between men and women. As

expected, men had greater MT, muscle mass and grip

strength than women. Due to the differences between men

and women, we performed further analyses separately based

on gender.

Effects of the age on general

characteristics, MT, PA, muscle mass, grip

strength and physical performance
To investigate the effects of the age on BMI, waist-to-hip

ratio, MT, PA, muscle mass and function, we calculated

Pearson correlation coefficients. As shown in Table 2,

anterior radial MT, total LM, trunk LM, upper limb LM

and aLM were negatively correlated with the age in men.

Anterior radial MT, anterior ulnar MT, posterior tibial MT,

total and all evaluated regional MTs were negatively cor-

related with the age in women. No significant correlation

was observed between PA and the age both in men and in

Table 1 Comparison of anthropometrics, MT, PA, muscle mass,

grip strength, gait speed and SPPB of the subjects by gender

Characteristic Male
(n=97)

Female
(n=168)

p

Age (years) 69.33±6.77 67.79±6.17 0.063

Height (cm) 168.38±5.85 155.58±5.97 <0.001

Weight (kg) 69.06±9.25 58.39±8.52 <0.001

BMI (kg/m2) 24.34±2.82 24.09±3.04 0.515

Waist circumference

(cm)

90.22±8.82 84.70±8.97 <0.001

Hip circumference (cm) 96.55±6.25 95.18±6.02 0.08

Waist-to-hip ratio 0.93±0.06 0.89±0.072 <0.001

MT (muscle thickness)

(mm)

Anterior radial 19.44±2.77 15.68±2.24 <0.001

Anterior ulnar 39.24±3.1 33.18±3.17 <0.001

Posterior tibial 57.96±6.2 52.96±5.83 <0.001

Posterior fibula 35.14±7.26 31.51±5.91 <0.001

PA (pennation angle) (°)

Gastrocnemius lateralis 18.95±3.99 18.91±4.47 0.946

Gastrocnemius medialis 24.12±4.65 24.83±5.58 0.292

Muscle mass

LM (kg) 46.5±5.7 33.38±4.34 <0.001

Android LM (kg) 3.38±0.5 2.37±0.39 <0.001

Gynoid LM (kg) 6.99±0.84 5.0±0.73 <0.001

Trunk LM (kg) 22.36±3.09 16.6±2.26 <0.001

Upper limb LM (kg) 5.53±0.89 3.35±0.57 <0.001

Lower limb LM (kg) 14.62±1.99 10.11±1.5 <0.001

aLM (kg) 20.15±2.75 13.45±1.99 <0.001

RASM (kg/m2) 7.09±0.8 5.55±0.73 <0.001

Grip strength (kg) 38.79±7.93 24.59±4.35 <0.001

Gait speed (m/s) 1.28±0.27 1.27±0.26 0.575

SPPB 11.43±1.15 11.31±1.59 0.525

Notes: Variables are expressed as mean ± SD. p-values were determined using

Student’s t test for continuous variables.
Abbreviations: MT, muscle thickness; PA, pennation angle; BMI, body mass index;

LM, total lean mass; aLM, appendicular lean mass; RASM, relative appendicular

skeletal muscle mass; SPPB, Short Physical Performance Battery.

Table 2 Effects of age on general characteristics, MT, PA, muscle

mass, grip strength, gait speed and SPPB

Characteristic Correlation with age

Male Female

BMI −0.043 −0.109

Waist-to-hip ratio 0.078 0.220**

Anterior radial muscle thickness −0.236* −0.211**

Anterior ulnar muscle thickness −0.148 −0.234**

Posterior tibial muscle thickness −0.103 −0.209**

Posterior fibula muscle thickness −0.038 −0.097

PA (gastrocnemius lateralis) 0.112 −0.017

PA (gastrocnemius medialis) −0.069 −0.055

LM −0.249* −0.268***

Android LM −0.074 −0.243**

Gynoid LM −0.168 −0.295***

Trunk LM −0.243* −0.254***

Upper limb LM −0.305** −0.205**

Lower limb LM −0.193 −0.233**

aLM −0.239* −0.234**

RASM −0.136 −0.059

Grip strength −0.363*** −0.320***

Gait speed −0.239* −0.357***

SPPB −0.488*** −0.189*

Notes: *p<0.05; **p<0.01; ***p<0.001.
Abbreviations: BMI, body mass index; PA, pennation angle; LM, total lean mass;

aLM, appendicular lean mass; RASM, relative appendicular skeletal muscle mass; SPPB,

short physical performance battery.
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women. Notably, muscle function, either grip strength, gait

speed and SPPB were all negatively associated with the

age in both genders.

Correlation between MT, PA and regional

LMs, RASM, grip strength or physical

performance
To investigate the correlation between regional MT, PA and

regional LMs, RASM, grip strength, gait speed or SPPB, we

performed partial correlation analysis adjusted for the age.

As shown in Table 3, all evaluated regional MTs were posi-

tively associatedwith both absolute LM including upper limb

LM, lower limb LM, aLM and relative muscle index RASM

in both genders. For the association between MTand muscle

function, forearm MT was positively associated with grip

strength in men, while both forearm and lower leg MTs

were positively associated with grip strength in women. In

addition, anterior ulnar MT was positively associated with

gait speed only in women. Gastrocnemius medialis PA was

positively associated with gait speed and SPPB in women,

and no significant correlation was observed between PA and

muscle mass or function in men.

Multiple linear regression analysis of MT

and PA on RASM, grip strength or

physical performance
Given the significant relationship between the age, MT, PA

and RASM, grip strength, gait speed or SPPB, we further

performed multiple linear regression analysis. In the model

adjusted for the age and BMI (Table 4), posterior tibial MT

was positively associated with RASM in men (β=0.211,
p=0.03), and posterior fibula MT was positively associated

with RASM inwomen (β=0.272, p=0.001). Anterior ulnarMT

was positively associated with grip strength in both genders.

The positive correlation between gastrocnemius medialis PA

and gait speed and SPPB still persisted in women (β0.187,
p=0.015, for gait speed; β=0.179, p=0.031, for SPPB).

Discussion
In this study, we made the following findings: only site-

specific MT but not PA was negatively correlated with the

age; posterior tibial MT and posterior fibula MT were

positively associated with RASM in men and women,

respectively; anterior ulnar MT was positively associated

with grip strength in both genders; and gastrocnemius

medialis PA was positively associated with both gait

speed and SPPB only in women.

Loss of skeletal muscle mass has been regarded as the key

element for diagnosing sarcopenia; thus, a precise quantita-

tive estimate of muscle mass is fundamental for diagnosing

sarcopenia in older individuals.1 In the present study, the sites

for measuring MT were forearm (anterior radius, anterior

ulna) and lower leg (posterior tibia, posterior fibula), which

represented the upper and lower limbs, respectively. These

sites were easy to measure, were closely related to the limb

functio, and have been examined in previous studies.14,18,19

Our data demonstrated that only anterior radial MT was

negatively correlated with the age in both men and women,

consistent with a previous study.20 Previous studies have

highlighted the importance of muscle quality rather than

muscle mass alone in evaluating muscle performance and

sarcopenia.21–23 Muscle quality refers to the muscle’s func-

tional capacity, including force, contraction ability, metabo-

lism and other functions. PA is one of the most important

architectural parameters which can determine the maximum

force of contraction.24 Previous studies demonstrated that the

elderly have reduced gastrocnemius medialis PA compared

with young individuals.25,26 Human gastrocnemius medialis

PA increased monotonically since birth, reached a stable

value after the adolescent growth spurt and did not change

until 70 years old.27 The age of our study population was

between 60 and 86 years, and age-associated reduced PAwas

not observed in our study.

Multiple studies demonstrated that ultrasonic measure-

ment of regional MT has a high concordance with DXA-

predicted estimates of muscle mass,18,28,29 CT-derived

muscle volume30,31 and MRI-based muscle mass,32–34 sug-

gesting that muscle ultrasound can provide qualitative

information on skeletal muscle. Consistently, our partial

correlation analysis found that regional MTs of forearm

and posterior leg were significantly correlated to DXA-

measured absolute LM and relative muscle index RASM

in both genders. Even in multiple linear regression model,

MT of the posterior leg, mainly containing gastrocnemius

and soleus, was positively associated with RASM.

Compared to previous studies reporting that forearm MT

was related with aLM or total LM,14,27 our results indi-

cated that ultrasound MT measurement of the posterior leg

is more useful to predict muscle mass in the elderly. As we

know, the age-related loss of MT has been shown to be

greater in the abdomen and thigh anterior than in other

body parts.18 However, because MTs of these sites were

not evaluated in the present study, we cannot make a
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conclusion regarding the site at which MT value may be a

representative predictor of sarcopenia in Chinese elderly.

The European Working Group on Sarcopenia in Older

People (EWGSOP) recommended that handgrip strength is

the most useful criteria of age-related change in muscle

strength in older individuals and is related to lower-extremity

muscle strength.1 Numerous studies have revealed a signifi-

cant relationship between forearm MTand handgrip strength

in both young and elderly volunteers.14,35 Coincidentally, our

results confirmed that anterior ulnar MT was significantly

correlatedwith handgrip strength in both genders; thus it may

be a more useful parameter for predicting handgrip strength

in Chinese elderly. Why the correlation was only observed

for anterior ulnar but not anterior radial MT? The reason is

unknown, but may be related to the composition of anterior

ulnar muscles. Anterior ulnar MT included mainly two major

flexor muscles (flexor digitorum profundus and flexor digi-

torum superficialis), which produce flexion movement for

the middle phalanges of the fingers, and may be an important

contributor for measuring handgrip strength by a

dynamometer.14 Additionally, we found no significant corre-

lation between PA and handgrip strength, consistent with

previous studies.15,16

Although the parameters of physical performance, such as

gait speed and SPPB, have been emphasized in themost recent

definitions of sarcopenia, the role of skeletalmuscle ultrasound

for evaluating physical performance in elderly individuals

remains speculative. Age-related loss of muscle mass has

been considered as a factor affecting physical performance,36

whereas the relationship between muscle mass and physical

performance remains controversial.12–14,37 Different age, mus-

cle status and muscle assessment site may lead to an incon-

sistent conclusion. In our multiple linear regression model,

only anterior ulnar MTwas positively correlated to gait speed

in women, while no relationship was observed between other

regionalMTs and gait speed and SPPB. Themuscle strength is

a determinant of physical performance in old individuals.38–40

However, to our knowledge, the relationship between PA and

physical performance remains unclear. The most significant

finding of our study is that gastrocnemius medialis PA was

positively associated with physical performance including

both gait speed and SPPB in women but not in men. The

reason for this apparent sex difference is still unclear. One

reason may be that women have a larger proportion of muscle

mass in their lower bodies.41 In our study, sample size of male

participants was smaller than that of female participants, indi-

cating another potential reason for gender-specific differences

in correlation.

This is perhaps the first study that investigated the corre-

lation of MT and PA measured by ultrasound with muscle

mass, muscle strength and physical performance. Our study

demonstrated that regional MT was positively associated

with RASM and handgrip strength, and gastrocnemius med-

ialis PAwas positively associated with physical performance.

According to the EWGSOP, there are two criteria for diag-

nosing sarcopenia: low muscle mass plus either low muscle

strength or low physical performance.1 Thus, our results

support that for the initial diagnosis of sarcopenia, a combi-

nation of regional MT (posterior tibial MT in men, posterior

fibula MT in women and anterior ulnar MT in both genders)

and gastrocnemius medialis PA would be useful parameters

in Chinese elderly, especially in women. Nevertheless, this

study has other limitations including small sample size, sin-

gle center and lack of comprehensive ultrasound information

such as muscle physiological cross-sectional area, fascicle

length and muscle echogenicity.

Ultrasound has been used as a safer and easily applic-

able method for evaluating muscle mass and quality.

According to our results, we could recommend the use of

ultrasound to evaluate regional MT and gastrocnemius

medialis PA in the assessment of sarcopenia in Chinese

elderly. However, due to the limitations such as relatively

small sample size and single center, larger samples from

different regions are needed to select appropriate diagnos-

tic cutoff values for sarcopenic diagnosis. In addition, MT

and PA of other regional muscles such as the thigh com-

partment should be evaluated in further studies.

Conclusion
In summary, sarcopenia is a public health disease that

damages the quality of life and increases the mortality in

the elderly. Our results suggest that a combination of

posterior fibula MT, anterior ulnar MT and gastrocnemius

medialis PA measured by muscle ultrasound is a promising

method for the assessment of sarcopenia in Chinese

elderly women. In addition, a combination of posterior

tibial MT and anterior ulnar MT measured by muscle

ultrasound is a promising method for the assessment of

sarcopenia in Chinese elderly men. Further studies are

needed to validate our conclusion.

Abbreviation list
MT, muscle thickness; PA, pennation angle; BMI, body

mass index; LM, total lean mass; aLM, appendicular lean

mass; RASM, relative appendicular skeletal muscle mass;

SPPB, Short Physical Performance Battery.
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