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strength in a healthy population

Xinyi Tang, Liyun Wang, Ruiqian Guo, Songya Huang, Yuanjiao Tang, Li Qiu
Department of Medical Ultrasound, West China Hospital of Sichuan University, Chengdu, China

Correspondence to: Li Qiu. Department of Medical Ultrasound, West China Hospital of Sichuan University, No.37 Guoxue Alley, Chengdu, China.
Email: wsqiuli@vip.126.com.

Background: To investigate the validity of shear wave elastography (SWE) for the evaluation of muscle
strength compared with isokinetic muscle testing, and to assess the influence of demographic factors such as
height, weight, and body mass index (BMI) on the shear wave velocity (SWV).

Methods: Sixty healthy volunteers were consecutively enrolled. SWE was used to measure the SWV of the
right quadriceps femoris in a relaxed position, in a tensive position, and under loads of 1 and 2 kg. Muscle
strength parameters including peak torque (PT), PT to body weight ratio (PT/BW), and total work (TW)
were evaluated using isokinetic muscle testing. The SWV of the rectus femoris in different positions were
compared using the Friedman test and the Kruskal-Wallis test, and the SWV and muscle strength parameters
were compared between different genders and age groups using the Mann-Whitney U test. Additionally,
Spearman’s correlation coefficient was used to evaluate the correlation between SWV and muscle strength,
as well as the possible effects of height, weight, and BMI on SWV.

Results: As the load increased, the SWV of the rectus femoris increased (P<0.001). In the relaxed position,
there was no significant correlation between the SWV and the results of isokinetic muscle testing. With
increasing load, the SWV and the results of isokinetic muscle testing were not significantly correlated
(r=-0.256—-0.392, P<0.05). In the 1 kg load position, height and weight were not significantly correlated
with SWV (r=-0.261--0.393, P<0.05). In the relaxed position, there were no significant differences in the
maximum, minimum, or mean SWV of the rectus femoris between different genders and age groups (P>0.05).
However, under a 1 kg load, the maximum, minimum, and mean SWV of the females in this study were
significantly higher than those of the males (4.49+0.60 vs. 3.98+0.68 m/s; 2.55+0.61 vs. 2.20£0.63 m/s; and
3.5120.60 vs. 3.06+0.58 m/s; P=0.003, 0.028, and 0.004, respectively). Furthermore, there were significant
differences in the maximum and mean velocities between the groups aged 20-34 and 35-60 years (4.1120.62
vs. 4.47+0.70 m/s; 3.17£0.53 vs. 3.52£0.69 m/s; P=0.045 and 0.044, respectively).

Conclusions: Ultrasound elastography (UE) shows potential for the measurement of muscle strength.
The SWV of muscles demonstrate an increasing trend with the increase of impedance. Additionally, age
and gender have a significant effect on SWV, while the effects of height, weight, and BMI require further

investigation.
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Introduction

Muscle strength and muscle stiffness play critical roles
in the assessment of motor function (1). Degeneration of
muscle fibers and infiltration of adipose tissue in muscle
tissue often manifest as changes in muscle stiffness and
changes of muscle strength and muscle tension (2-4).
At the same time, muscles provide traction through the
contraction of muscle fibers, and the contraction of muscle
fibers reflects changes in muscle stiffness at the macro level
(5,6). Based on these physiological and pathophysiological
features, we hypothesized that muscle stiffness can reflect
the contractile ability of muscles and is related to muscle
strength.

Clinically, a preliminary impression of muscle strength,
joint mobility, and muscle stiffness can be obtained through
palpation and physical examination (7); although, this
qualitative or semi-quantitative examination method is
subjective and is susceptible to the personal experience
of examiners. Magnetic resonance elastography (MRE)
can be used to quantitatively measure muscle stiffness
(8-10); however, this method is relatively complicated
and expensive, and can only be performed in the supine
position. It cannot be performed in patients with
claustrophobia or metal implants. These limitations
significantly restrict its application. Despite isokinetic
muscle testing currently being the gold standard for the
assessment of muscle strength and muscle function (11), it
also has a number of limitations. For example, it requires a
complicated operation procedure, and cannot be performed
in patients with impaired mobility or patients who cannot
hear or understand instructions. Due to the large size and
cost of the machine, small-to-medium-sized hospitals
cannot universally apply this technology to evaluate muscle
strength. Therefore, a safe, reliable, simple, and accurate
quantitative method for evaluating muscle strength is
needed.

Over the last decade, musculoskeletal ultrasound has
developed rapidly and has been extensively applied in
clinical practice. High-frequency ultrasound (HFUS),
for instance, can distinguish fine structures and echo
changes of superficial tissues, and it can also accurately
locate and qualitatively diagnose intramuscular lesions
(12-14). Ultrasound elastography (UE), a new technique
for measuring the stiffness of biological tissues, is used to
examine the stiffness of organs and tissues, such as the liver,
kidney, thyroid, and breast (15-18). Certain ultrasound
parameters, such as muscle thickness, muscle cross-sectional
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area, and pennation angle, have been utilized in previous
studies, and can be used to evaluate the size, structure, and
contraction ability of muscles (19-21). UE can quantitatively
measure the stiffness of muscle tissue at different levels of
contraction (5,22-24), indicating that it may be a potential
method to quantitatively reflect muscle movement and
contraction ability. However, no definite agreement has
been reached as to whether the stiffness of muscles at
different levels of contraction is related to their motor
ability. Therefore, we designed this study to investigate the
relationship between these two measures.

At present, UE mainly includes strain elastography
(SE), acoustic radiation force impulse imaging (ARFI),
and shear wave elastography (SWE). Among them, SWE
is an ultrasound technique that was recently developed
for the visualization and measurement of tissue stiffness.
The ultrasonic sound beam automatically induces acoustic
radiation, pushing the tissue to produce mechanical
vibrations, thereby generating shear waves that propagate
throughout the tissue. The propagation velocity of the
shear wave in tissue can be accurately quantified and
calculated as follows: E = 3pC’ [E is the elasticity of tissue,
p denotes the density of tissue, and C is the the shear wave
velocity (SWV)], where the E value, known as Young’s
modulus, represents the mechanical properties of the tissue
(25,26). The harder the tissue, the faster the SWV, and
the larger the value of the Young’s modulus. However, the
application of the above-mentioned formula is typically
used for isotropic, elastic, and locally homogeneous tissues,
such as the liver, thyroid, or breast. Muscles, tendons,
and peripheral nerves, on the other hand, are anisotropic
tissues. A number of researchers have pointed out that
when using SWE to measure these tissues, the original
SWYV is more accurate than the Young’s modulus value
(11,22,27). Therefore, in this study, SWV was selected as
the quantitative evaluation parameter of UE.

Because UE requires a relatively static state between the
probe and the subject, measuring SWV in real time during
body movement is challenging. Therefore, in this study, the
subjects were asked to keep the lower limb static against
certain resistance while the SWV of the quadriceps femoris
was measured, which reflected the extent of isometric
contraction of the muscle. We hypothesized that the SWV
of the rectus femoris are correlated with the results of
isokinetic muscle testing. We also assessed the reliability of
SWE for the evaluation of muscle strength compared with
isokinetic muscle testing, and verified whether ultrasound
can be a potential tool for evaluating muscle strength in the
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future. Lastly, we assessed the influences of factors such as
height, weight, and body mass index (BMI) on the SWV.
We present the following article in accordance with the

STROBE guideline checklist.

Methods
Study subjects

Sixty healthy volunteers, who were consecutively recruited
at our institution between September 2017 and December
2018, were enrolled in this cross-sectional study. The
gender, age, height, weight used to calculate BMI, SWV of
the rectus femoris, and muscle strength of the quadriceps
femoris of the study subjects were all recorded.

This study was approved by the Ethics Committee of
West China Hospital of Sichuan University (Chengdu,
China), and was performed in accordance with the
Declaration of Helsinki [2013]. The primary inclusion
criteria for the healthy volunteers were as follows: (I) aged
between 20-60 years old; (II) satisfactory compliance;
and (III) limb muscle strength level 5, as determined by
experienced rehabilitation physicians using muscle strength
assessment. The exclusion criteria were as follows: (I)
pregnancy; (II) a history of local or systemic musculoskeletal
disease, rheumatic autoimmune diseases, endocrine or
metabolic disorders, nervous system diseases, or other
diseases that may lead to abnormal muscle strength; or (III)
local inflammation, trauma, scarring, tumors, or a history of
surgery. The study subjects were classified into two groups
according to their age (the 20-34 age group and the 35-60

age group).

SWE examination

The sonographic equipment used was the Aixplorer US
system (SuperSonic Imagine, Aixen-Provence, France),
with an SL 15-4 multifrequency linear transducer. The
superficial musculoskeletal setting was selected with the
standard default mode of the equipment. The depth was
fixed at 4 cm, and the focus was adjusted to the muscular
layer.

Consistent with a study by Dubois er #/. (28), the
rectus femoris muscle of the right side was selected for
measurement in the current study. Using palpation, we drew
a line, with the middle and lower thirds of the line between
the anterior superior iliac spine and the superior margin of
the patella. The probe was then placed transversely at the
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marked site to locate the rectus femoris in the ultrasound
image. After locating the thickest site, the probe was rotated
parallel to the long axis of the lower extremity. As shown
in Figure 1, the SWV of the study subjects were measured
at the marked site in four positions: (I) relaxed position:
the subject sat on the examination chair, with the upper
and lower limbs at approximately 90°. The lower leg was
naturally relaxed and sagging, and the subject was asked
to stay relaxed. (II) Tensive position: the subject kept their
left lower limb relaxed and was asked to extend the knee of
the right lower limb to keep the right lower limb straight.
(IIT) 1-kg load position: the subject kept the left lower limb
relaxed, and a 1 kg sandbag was tied to their right external
malleolus. The examinee was asked to actively stretch his/
her knees to keep the right lower limb straight. (IV) 2-kg
load position: the subject kept the left lower limb relaxed.
The first 1-kg sandbag was tied to their right external
malleolus, and the second sandbag was tied next to the first
one proximally. The examinee was asked to actively stretch
their knees to keep the right lower limb straight.

The probe was coated with an appropriate amount
of coupling agent. The probe was kept perpendicular to
the labeled thigh skin with no pressure applied, and the
gap between the skin layer and the probe was filled with
a coupling agent. Attention was paid to avoid air bubbles
in the coupling agent. After obtaining a standard muscle
image, the examiners switched to SWE mode, adjusted
the scale to 0-200 kPa, and moved the region of interest
(ROJ) to keep the rectus femoris in the middle of the ROL.
When the image was stabilized for approximately 5 seconds,
the image was frozen. The diameter of the sampling box
(Q-box) was adjusted to 6 mm. When the sampling box
was determined, the system automatically displayed the
SWYV of the rectus femoris muscle, including the maximum
SWV (Cmax), average SWV (Cmean), and minimum SWV
(Cmin). The measurements were repeated 5 times for each
subject, and the average values were calculated and recorded
in m/s.

Isokinetic muscle testing

The German ISOMED-2000 isokinetic muscle strength
test system was adopted. After conventional calibration,
flexion and extension strengths of the bilateral knee joints
were measured, first on the right side and then on the left
side. The study subject was placed in a sitting position, a
bandage was fixed to their pelvis and the thigh of the test
side, and the resistance pad was fixed at the end of the
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Figure 1 In a study subject, the mean SWV increased from 2.3, 2.6, and 3.6 m/s to 4.0 m/s in the relaxed position (A, B), tensive position (C,
D), under a 1 kg load (E, F), and under a 2 kg load (G, H).
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Table 1 The demographic characteristics of the study subjects
Characteristics (mean = SD) All (n=60) Male (n=25) Female (n=35) P
Age, y 35.37+11.41 32.96+10.52 37.09+11.85 0.169
Height, cm 163.05+7.90 169.68+6.00 158.31+5.24 <0.001
Weight, kg 58.96+8.72 64.60+8.48 54.02+5.27 <0.001
BMI, kg/m’ 22.39+2.72 22.38+2.00 22.39+3.17 0.984
BMI, body mass index.
Table 2 Comparison of SWV in different positions
SWvV Relaxed position Tensive position Load (1 kg) Load (2 kg) All P values
Cmax (m/s) 2.61+0.36 3.67+0.50 4.28+0.68 4.85+0.76 <0.001
Cmin (m/s) 1.61+0.32 2.01+0.47 2.41+0.64 2.83+0.79 <0.001
Cmean (m/s) 2.08+0.33 2.78+0.40 3.32+0.63 3.81+0.76 <0.001

P<0.001 was found in comparisons between any two of the above four groups. SWV, shear wave velocity; Cmax, maximum velocities;

Cmin, minimum velocities; Cmean, mean velocities.

power arm at the lower one-third of the lower leg of the
test side. The motion axis of the knee joint of the test side
was kept consistent with the rotation axis of the power arm
of the test system. Before performing the knee joint test on
each side, five cycles of maximum force knee extension were
carried out to familiarize study subjects with the testing
process. After 5 minutes, the maximum force knee extension
test was commenced and repeated 10 times for each side.
During this process, the subjects were encouraged and
guided to use the maximum force to conduct the knee
extension test. After the test, the instrument recorded the
peak torque (PT) (in Nm) in the repeated knee extension
10 times, the PT to body weight ratio (PT/BW, in Nm/kg),
and total work (T'W, in J). Isokinetic muscle testing was
performed by professionals.

Statistical analysis

Statistical analyses were carried out using SPSS 24.0
software (IBM, Armonk, NY, USA). Continuous variables
were expressed as mean = standard deviation (SD). The
t-test was used to compare the baseline demographic data
between different genders. The comparison of the results
of the isokinetic muscle test and SWV between different
genders and age groups was conducted using the Mann-
Whitney U test. The comparison of SWV in four different
positions was performed using the Friedman test, and the
following pairwise comparisons between the two groups
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were also conducted using the Kruskal-Wallis test with
adjusted P values. Additionally, correlation analysis was
undertaken using the Spearman’s correlation test. A two-
sided P value of <0.05 was considered to be statistically
significant.

Results

This study included 60 healthy volunteers (25 males and
35 females). The demographic characteristics of the study
subjects are summarized in Table 1. The participants had
a mean age of 35.37+11.41 (range, 20-60) years old, and a
mean BMI of 22.39+2.72 (range, 15.63-28.30) kg/m’. The
heights and weights of the male study subjects were higher
than those of the female study subjects. There were no
significant differences in age or BMI between males and
females, but the average height and weight were greater in
males than in females. The study subjects were divided into
two groups based on their ages: the 20-34 age group (n=33)
and the 35-60 age group (n=27).

Table 2 shows the results of the comparison of SWV in
four different positions, performed using the Friedman test.
There were significant differences in the mean, minimum,
and maximum SWV between different positions (P<0.001),
and in the following pairwise comparisons, significant
differences were also noted between any two groups
(P<0.001). As shown in Figure 2, the SWV showed an
increasing trend, in which the greater the impedance, the
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greater the SWV of the working muscle, which indicated
greater muscle stiffness.

Table 3 shows the correlations between the values of
isokinetic muscle testing (TW, PT and PT/BW) and
SWV. In the relaxed position, there was no significant
correlation between the SWV and the results of isokinetic
muscle testing. With increasing load, the correlation
gradually appeared; however, the maximum, minimum, and
mean SWV were negatively correlated with the results of
isokinetic muscle testing, suggesting that the greater the
movement ability of the rectus femoris, the smaller the
muscle stiffness under a certain load. Table 4 reveals that in
the relaxed position, there were no significant differences
in the maximum, minimum, or mean SWYV of the rectus

Table 3 Correlation between results of isokinetic muscle testing (TW, PT, and PT/BW) and SWV in four different positions.

Relaxed position Tensive position Load (1 kg) Load (2 kg)
Variable
Cmax Cmin  Cmean Cmax Cmin Cmean Cmax Cmin Cmean Cmax Cmin  Cmean
T™W -0.108 -0.145 -0.128 -0.168 -0.183 -0.204 -0.279* -0.260* -0.305* -0.278* -0.117 -0.195
PT -0.185 -0.140 -0.169 -0.299* -0.296* -0.358"* -0.342** -0.334* -0.375" -0.369* -0.216 -0.274*
PT/BW -0.140 -0.133 -0.130 -0.379* -0.256* -0.392** -0.366** -0.258* -0.346** -0.389** -0.198 -0.289*

* means P<0.05, and ** indicates P<0.01. SWV, shear wave velocity; Cmax, maximum velocities; Cmin, minimum velocities; Cmean, mean
velocities; TW, total work; PT, peak torque; PT/BW, peak torque to body weight ratio.

Table 4 Differences in isokinetic muscle testing (TW, PT, and PT/BW) and SWV between genders

Results Male Female P
SWV (relaxed)
Cmax (m/s) 2.52+0.28 2.67+0.40 0.097
Cmin (m/s) 1.58+0.33 1.64+0.31 0.964
Cmean (m/s) 2.06+0.35 2.09+0.33 0.540
SWV (load-1 kg)
Cmax (m/s) 3.98+0.68 4.49+0.60 0.003
Cmin (m/s) 2.20+0.63 2.55+0.61 0.028
Cmean (m/s) 3.06+0.58 3.51+0.60 0.004
Isokinetic muscle test
PT (Nm) 119.56+32.34 67.40+18.04 <0.001
PT/ BW (Nm/kg) 1.84+0.37 1.22+0.31 <0.001
TW (J) 970.44+213.30 544.29+143.46 <0.001

SWV, shear wave velocity; Cmax, maximum velocities; Cmin, minimum velocities; Cmean, mean velocities; TW, total work; PT, peak

torque; PT/BW, peak torque to body weight ratio.
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Table 5 Differences in isokinetic muscle testing (TW, PT, and PT/BW) and SWV between different age-based groups

Results 20-34 years old group 35-60 years old group P
SWV (relaxed)
Cmax (m/s) 2.59+0.37 2.62+0.35 0.636
Cmin (m/s) 1.54+0.32 1.70+0.30 0.143
Cmean (m/s) 2.05+0.33 2.12+0.34 0.436
SWV (load-1 kg)
Cmax (m/s) 4.11+0.62 4.47+0.70 0.045
Cmin (m/s) 2.29+0.51 2.55+0.76 0.180
Cmean (m/s) 3.17+0.53 3.52+0.69 0.044
Isokinetic muscle testing
PT (Nm) 97.24+40.23 79.22+27.19 0.064
PT/BW (Nm/kg) 1.62+0.48 1.30+0.36 0.012
TW (J) 757.61+£284.35 544.29+143.46 0.298

SWV, shear wave velocity; Cmax, maximum velocities; Cmin, minimum velocities; Cmean, mean velocities; TW, total work; PT, peak

torque; PT/BW, peak torque to body weight ratio.

Table 6 Correlations between SWV and height, weight, and BMI values

SWV (relaxed) SWV [load (1 kg)]
Variable
Cmax Cmin Cmean Cmax Cmin Cmean
Height -0.244 -0.180 -0.197 -0.366** -0.342* -0.393*
Weight -0.244 -0.121 -0.186 -0.147 -0.332* -0.261*
BMI -0.108 0.038 -0.047 0.110 -0.172 -0.015

* means P<0.05, and ** indicates P<0.01. SWV, shear wave velocity; Cmax, maximum velocities; Cmin, minimum velocities; Cmean, mean

velocities; BMI, body mass index.

femoris between men and women (P>0.05); however, under
the load of 1 kg, the differences in the maximum, minimum,
and mean SWYV of rectus femoris between the two genders
were statistically significant (P<0.05). Shear wave velocities
of the rectus femoris were greater in women than in men,
while the PT, PT/BW, and TW of the quadriceps femoris
were markedly greater in men than in women (P<0.001).
As shown in Table 5, in different age groups, the differences
in the maximum, minimum, and mean SWV of the rectus
femoris muscles were not statistically significant (P>0.05)
in the relaxed position, but under the load of 1 kg, the
maximum and mean velocities in the 35-60 age group were
significantly greater than those in the 20-34 age group
(P=0.045 and P=0.044). However, the differences in PT,
PT/BW, and TW between these two groups were not all
statistically significant. The PT/BW in the 20-34 age group

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

was greater than that in the 35-60 age group (P=0.012),
while there were no significant differences in the other
parameters between the two groups. Table 6 shows that in
the relaxed position, height, weight, and BMI value were
not strongly correlated with shear wave velocity (SWV).
In contrast, in the tensive position, height and weight were
correlated with SWV, with correlation coefficients between
-0.261 and -0.393, indicating a poor correlation. Age and
BMI had no significant correlation with SWV.

Discussion

Muscle strength is closely associated with daily activities
and motor function. Therefore, the assessment of muscle
strength is of great importance, especially in patients with
neuromusculoskeletal disorders (12,29,30). The assessment
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of muscle strength not only provides a basis for clinical
diagnosis, but also provides a reference for approaches to
treatment and rehabilitation (23,31-33).

In the evaluation of muscle strength, isokinetic muscle
testing has significant advantages, such as providing a
variety of complex and comprehensive data of a specific
muscle or a group of muscles during the entire specified
exercise, including P'T, P'T/BW, average power, time to PT;
and TW. Among them, the reliability of PT, PT/BW, and
TW has been demonstrated in previous research (34,35).
However, isokinetic muscle testing also has disadvantages,
such as a complicated operation procedure and
limitations in patients with impaired mobility or impaired
understanding, as well as the large size of the machine and
high costs. Therefore, finding simple, cost-effective, and
highly accurate muscle strength testing methods is of great
importance.

In recent years, musculoskeletal ultrasound has
developed rapidly. UE has been extensively utilized in
the diagnosis, treatment evaluation, and rehabilitation
prognosis of diseases in various systems of the human body
(13,14,18,26,36). In the present study, isokinetic muscle
testing, which is commonly considered to be the gold
standard in muscle strength assessment methods (34), was
selected for correlation analysis with SWE, in which the
feasibility and application value of UE for the evaluation of
muscle strength were compared.

SWYV in different body positions

The SWV in different body positions were compared.
Generally, as the resistance increased, the stiffness of the
working muscles increased, and similar to several previous
studies, the SWV demonstrated an increasing trend from
the relaxed position to the 2 kg load. Yoshitake et al. (6)
pointed out that the elastic modulus of the biceps brachii
was linearly correlated with the elbow flexion and muscle
contraction strength. Chernak et a/. (37) discovered a linear
relationship between the SWV of the gastrocnemius muscle
during active contraction and passive stretching, and that
the SWV increased with the motion of the ankle, from the
relaxed position to the maximum dorsiflexion or maximum
contraction state. Chen et /. (38) demonstrated that the
stiffness of the biceps brachii was higher when the elbow
joint was fully straightened than at 30° flexion. The above-
mentioned results are consistent with the findings of the
present study. However, a number of researchers have
arrived at different conclusions. Brandenburg et /. (23)
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reported that the stiffness of paediatric gastrocnemius
muscles is independent of body position, which may be
caused by different physiological functions of muscles, or
may be related to different body positions.

SWYV and isokinetic muscle testing

Under loading conditions, a stronger correlation was found
between the SWV and the PT, the PT/BW, and the TW.
Among them, the maximum, minimum, and mean SWV
and the PT, PT/BW, and TW of the study subjects were
negatively correlated under a load of 1 kg. Our results
suggested that the greater the movement ability of the rectus
femoris, the less muscle stiffness there was under a certain
load. These results are similar to those of a previous study.
Leonard er al. (39) reported that during voluntary isometric
contractions, the results of myotonometric were negatively
correlated with the surface electromyography (sEMG)
measurement which represented muscle contractility (40).
We hypothesize that the muscle stiffness measured during
isometric contraction mainly reflects the level of muscle
tension and the extent of muscle contraction (41). The
muscles of people who perform better in isokinetic muscle
testing are more developed. Under the condition of the
same small load, providing the same traction force, the
muscle provides less force per unit across the area for those
people who have more muscle fibres; therefore, there is less
muscle tension and the SWV of the muscle is lower. At the
same time, the correlation between the SWV and isokinetic
muscle testing measurements indicates that ultrasound has
the potential to measure muscle strength or to evaluate
muscle contractility.

SWV in different genders and age groups

Additionally, we compared the SWV and muscle strength
of the rectus femoris muscles of study subjects according
to different genders and ages. In the relaxed position, there
was no significant difference in the maximum, minimum,
or mean SWYV of the rectus femoris between men and
women (P>0.05). In contrast, under the load of 1 kg, the
differences in the maximum, minimum, and mean SWV of
rectus femoris between the two genders were statistically
significant (P<0.05), and the SWV of the rectus femoris
were greater in women than in men. These results are
consistent with those of Eby er 4/. (1), who found that
shear modulus values of biceps brachii in females tended
to be higher than in males. In our study, for subjects who
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were in the 20-34 age group and the 35-60 age group, the
differences in the maximum, minimum, and mean SWV of
the rectus femoris muscles were not statistically significant
(P>0.05) in the relaxed position. However, under the load of
1 kg, the maximum and mean SWV in the 35-60 age group
were significantly greater than those in the 20-34 age group
(P=0.045 and P=0.044, respectively). The reference range is
recommended to be adjusted according to age and gender if
SWYV becomes a tool to evaluate muscle contractility in the
future.

Isokinetic muscle testing in different genders and age
groups
The PT, PT/BW, and TW of the quadriceps femoris were

noticeably greater in males than in females (P<0.001).
Among the above-mentioned factors, the PT/BW in the
20-34 age group was higher than that in the 35-60 age
group (P=0.012), while there were no significant differences
in PT and TW between the two groups. The results of
isokinetic muscle testing reflected the decline in muscle
strength with age. In some pathological conditions, such
as sarcopenia, ultrasound can detect a decrease in muscle
strength via echo intensity or pennation angle, which was
previously confirmed in other studies (42-44).

SWV and height, weight, and BMI

After correlating different demographic parameters with
the SWV of the rectus femoris muscle, we found that in
the relaxed position, height, weight, and BMI values were
not strongly correlated with SWV. However, in the 1 kg
weight-bearing position, height and weight were correlated
with SWV, with correlation coefficients between -0.261 and
-0.393, indicating a poor correlation. Age and BMI were not
significantly correlated with SWV. Similarly, Eby ez al. (1)
studied the stiffness of normal biceps and found that the
UE measurement was not associated with BMI or exercise
frequency. We therefore speculate that height and weight
may influence muscle stiffness and strength to some extent,
although whether this effect has a certain regularity calls for
further research.

Limitations

This study has some limitations that need to be discussed.
Firstly, no study subjects older than 60 years old were
included in the study. Secondly, there was only one

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

measurement site, and further study is therefore required
on muscles in other parts of the body. Thirdly, neither
ultrasound nor isokinetic strength tests excluded the
effects of gravity. Fourthly, the measured values reflected
the absolute muscle strength for each individual, and the
absence of corrections based on individual differences
might have introduced bias in the results. Additionally,
the different lengths of the lower limbs, as well as the
slight difference in the angle between the lower limbs and
the ground when different subjects are tested, may lead
to different torque, which may have impacted the results
of our study. Lastly, the two measurement methods we
compared in this study represent different contraction
types, where SWE represents isometric contraction and
isokinetic muscle testing represents isokinetic contraction;
therefore, the comparability of the data might be limited.
Because of the requirement of a relatively static state
between the probe and the measured object, it is also
difficult to measure the SWV in real time when the limbs
are in motion. Consequently, we could not record the real-
time SWV of the muscle during the process of isokinetic
muscle strength testing. This resulted from the current
technical limitations of ultrasonic elastography, which are
difficult to address in a short time. Therefore, we believe
that in our future research, studying the upper limb muscles
and measuring the SWV of the muscles when subjects use a
grip dynamometer may be more convincing.

Conclusions

SWYV showed an increasing trend under different
conditions; the greater the impedance, the greater the
SWV of the working muscle, which indicated greater
muscle stiffness. The SWV of muscles and the results
of isokinetic muscle testing were correlated during the
resistance exercise. Ultrasound has the potential to measure
muscle strength, while the specific measurement method
requires further adjustment. Additionally, demographic
characteristics, such as gender and age, can influence the
SWV of muscles. Different reference values should be
formulated for different groups of people, or the results
should be standardized.
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