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Objective: To evaluate the reliability of ultrasonographic (US) elastography of the sternocleidomastoid (SCM) muscle and to 
define normal strain ratio and shear wave velocity (SWV) values in healthy infants. 

Methods: Two hundred healthy infants (mean age ± standard deviation, 1.64±1.78 month; 113 boys and 87 girls) were included 
in this prospective study. The thickness of bilateral SCM muscles was measured by B-mode ultrasonography, and the stiffness 
of SCM muscles was measured in both the longitudinal and transverse sections, symmetrical and extensional supine position, 
by using strain and shear wave elastography. The correlation between thickness and elastic values of the SCM muscle and the 
following possible influential factors were evaluated: sex, different sides of SCM muscle, different ultrasonic sections and 
different infant positions.

Results: Both sex and the side of SCM muscle did not show significant correlation with the thickness or stiffness of the SCM 
muscle (P > 0.05). The stiffness of SCM muscle in the longitudinal section was significantly greater than in the transverse 
section (P < 0.05). The measurements of the SCM muscle in the stretching position were significantly greater than those in the 
symmetrical position (P < 0.05). 

Conclusion: The stiffness of SCM measured by US elastography is affected by relative positions of the infants. Therefore, the 
factor should be taken into account when measuring the stiffness of SCM by US elastography. US elastography can evaluate the 
stiffness of SCM, which is helpful for clinical diagnosis and treatment of children with torticollis. 
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Torticollis, the phenomenon of sustained abnormal 
neck posture, may result from various causes. 
Congenital muscular torticollis, neurogenic 

torticollis bony torticollis, and so on, can all cause 
torticollis [1]. However, different diseases can cause 
sternocleidomastoid muscle stiffness changes. Therefore, 
quantitative measurement of SCM stiffness is important 
in the treatment of sternocleidomastoid disorders [2].

It is known that changes in tissue stiffness are 
involved in various pathological processes, such as 
cancerous masses, fibrosis and calcification. A technique 
for objectively assessing tissue stiffness was recently 
made widely available with the commercial introduction 
of ultrasound elastography. Ultrasound elastography 
assesses the strain or elasticity of tissues. There are 
two primary methods of performing elastography: 
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strain elastography and shear-wave elastography. 
Strain elastography, also referred to as compression 
elastography, is the most commonly used method 
of elastography. It is based on the principle that 
compression of tissue produces strain. Harder tissues are 
less compressible and demonstrate lower strain, while 
softer tissues are more compressible and demonstrate 
higher strain [3,4]. Unlike strain elastography, shear wave 
elastography allows the determination of the actual elastic 
modulus of tissues. It calculates shear elastic modulus 
via the measurement of the velocity of a local shear 
wave produced by a remote mechanical source. Shear-
wave elastography is integrated in some commercial 
medical ultrasound device, thus permitting elastographic 
assessment complementarily to conventional ultrasound 
B-mode images. As it generates its own wave, the device 
does not require external compression from the operator 
and allows for real time quantitative measurements [5,6]. 
Elastography has already been used in the breast [7,8], 
thyroid [9,10], liver [11,12], lymph nodes [13], prostate 
[14] and  skeletal muscle [15,16]. Few studies have 
focused on the assessment of sternocleidomastoid using 
US elastography, and only one recent study focused 
specifically on congenital muscular torticollis [2,17]. 

We studied the US elastography appearance of 
normal bilateral SCM muscle in healthy infant boys and 
girls, with different postures to determine the influential 
factors of the measurements and to provide a reference 
for evaluation of the stiffness of SCM muscle.

Patients and Methods
Two hundred healthy infants (113 boys and 87 

girls, mean age ± SD, 1.64 ± 1.78 months; range 13 
days– 13 months) were prospectively collected from 
September 2017 to May 2018 in Shenzhen Children's 
Hospital ultrasound department. The ethical committee 
of Shenzhen Children's Hospital approved the study. 
Children with underlying abnormalities causing 
significant limitation of neck movement (including 
osteopathic torticollis, ophthalmic torticollis, neurogenic 
torticollis, spasmodic torticollis, and postural torticollis) 
were excluded from the study.

The examination was performed using Mindray's 
Resona7 (Mindray Medical International, China), 
equipped with an L14-5WU probe. US exams were 
performed by one sonographer in our department 
who was trained for more than five years in pediatric 
ultrasound and elastography.

All infants were examined after falling asleep. 
Uncooperative children received an enema using 10% 
chloral hydrate for sedation. The neck of the patient 
was symmetrically supine (Fig. 1A) and then extended 
to one side to maximum (Fig. 1B). The examination 

area was fully exposed, and the probe was transversely 
(Fig. 2A) and longitudinally (Fig. 2B) scanned along the 
SCM muscle. Local thicker gel should be used during the 
examination. Minimal pressure should be applied. First, 
to display the conventional B-mode imaging, measure the 
thickness of the SCM muscle in the longitudinal section 
and transverse section. Then turn on the shear wave mode 
(Fig. 2C and Fig. 2D) and the strain mode (Fig. 2G and 
Fig. 2H). After the image is stable, freeze the image and 
measure the value to obtain shear wave velocity (in m/s), 
shear wave modulus (in kPa) (Fig. 2E and Fig. 2F), and 
strain ratio (Fig. 2I and Fig. 2J) of SCM muscle. Strain 
ratio is the relative stiffness of the SCM muscle compared 
to that of the subcutaneous tissue. Three consecutive 
measurements were performed at the same location, and the 
median value was calculated for statistical analysis. The 
results of shear wave elastography and strain elastography 
are shown in Figure 2.

Figure 1 A 8-month-old boy with the neck symmetrically supine (A) 
and extended to left to maximum angle (B). The examination area was 
fully exposed, and the probe was transversely (A) and longitudinally (B) 
scanned along the SCM muscle.

In Figure 2, in the sonoelstrogram (F), the histogram 
indicates the stiffness of the ROI of SCM muscle; 
the transverse (G) and longitudinal (H) view of SCM 
muscle in strain elastography, measuring the strain ratio 
of SCM muscle (I) and displaying the histogram (J). In 
the sonoelastogram (G, H), the colors ranging from red 
(hard) to blue (soft) represent the relative stiffness of 
the tissue. In sonoelastogram (I), the upper circle (strain 
1) indicates ROI of the subcutaneous tissue (reference 
tissue), and lower circle (strain 2) is ROI of SCM 
muscle. In the sonoelastogram (J), the left histogram 
indicates the stiffness of ROI of the subcutaneous 
tissue, and the right histogram indicates the stiffness of 
ROI of SCM muscle.

Statistical analysis
Continuous parametric data are reported as a mean 
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the symmetrical position of 200 infants, there was no 
statistical difference in the SCM muscle thickness and 
elastic measurements (-shear wave velocity, shear wave 
modulus, and strain ratio) between boys and girls (P > 
0.05) (Table 1).

In the symmetrical position of 200 infants, there 
was also no statistical difference in comparing bilateral 
SCM thickness and elastic measurements (-shear wave 
velocity, shear wave modulus, and strain ratio) (P > 0.05) 
(Table 2).

In the symmetrical position of 200 infants, the 
elasticity measurement (shear wave velocity, shear wave 
modulus) of SCM muscle in longitudinal section was 
significantly greater than that in the transverse section (P 
< 0.05).However, there was no statistical difference in 
SCM strain ratio (P > 0.05 )(Table 3).

In the stretching supine position of 200 infants, the 
shear wave measurements of the SCM muscle (shear 
wave velocity, shear modulus) in the transverse section 
and longitudinal section were significantly greater than 
those in the symmetrical supine position (P < 0.05). 
However, there was no significant difference in SCM 
muscle thickness and strain ratio (P > 0.05) (Table 4).

Discussions
US elastography has become a research hotspot in 

the field of ultrasound medicine. It is one of the new 
ultrasonic diagnostic techniques developed in recent 
years. It can evaluate the tissue stiffness in ROI. Shi et 
al. [18] founded that the hardness of the diseased tissue 
is positively correlated with the degree of tissue fibrosis. 
The more obvious the tissue fibrosis is, the greater the 
tissue hardness is. Therefore, this study used the dual 
modal US elastography, including strained elastography 
and shear wave elastography, to quantitatively analyze 
the stiffness of normal SCM muscle which can enable 
more comprehensive examination of the SCM muscle.

Skeletal muscles may exhibit different tension under 
different states and consequently cause different stiffness 
[19-21]. In the present study, 200 healthy infants were 
examined with SCM muscle in two different positions 
which included the symmetrical supine position and the 
extensional supine position. It was found that the shear 
wave velocity and shear modulus of the SCM muscle 
in the extensional supine position were higher than 
those in the symmetrical supine position. This finding 
was the same as reported by other studies[19-21]. 
Therefore, a unified posture should be taken in the 
stiffness measurements of SCM muscle to avoid the 
effect of different tension on the results. Skeletal muscle 
is anisotropic, so the propagation velocity of shear wave 
in skeletal muscle is related to the direction of muscle 
fiber arrangement [22]. Some researchers used the 

Figure 2 Transverse (A) and longitudinal (B) two-dimensional B-mode 
sonographic image of right SCM muscle. White arrow indicates thickness 
of the SCM muscle. Transverse (C) and longitudinal (D) view of SCM 
muscle in shear wave elastography, measuring the SCM muscle stiffness 
(E) and displaying the histogram (F). In sonoelastogram (E), the circle is 
region of interest (ROI) of the SCM muscle. There are shear wave values 
in the lower right.

and standard deviation (SD). The independent sample 
t-test was used to compare the thickness, shear wave 
velocity, shear modulus, and strain ratio of the SCM 
muscle. All P values were from 2-sided tests and results 
were deemed statistically significant at P < 0.05. All 
statistical analyses were performed using SPSS, version 
23.0 (SPSS, Inc., Chicago, IL).
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Results

Elastography parameters
Results are summarized in Tables 1, 2, 3 and 4. In 
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elastic imaging technique to examine and evaluate the 
transverse section (the shear wave perpendicular to the 
muscle fiber conduction) and the longitudinal section 
(the shear wave parallel to the muscle fiber) of the 
biceps brachii muscle, gastrocnemius, rectus femoris, 
biceps and rectus abdominis in healthy male volunteers. 
It was found that shear wave propagates differently in 
the transverse direction and the longitudinal direction of 
muscle tissue. The measured values of different sections 
of the same muscle showed that there were significant 

differences in that of the short axis and the long axis of 
the muscle tissue [23,24]. The SCM muscle was scanned 
by transverse and longitudinal sections to observe 
the different elastic modulus. We found that the shear 
wave velocity and shear modulus of the longitudinal 
sections of the SCM muscle were higher than those of 
the transverse sections, which is consistent with repors 
in the literature [22-24]. Jiang et al. [25] examined the 
SCM muscle of 210 healthy adult volunteers, and found 
that the elastic modulus of the SCM muscle was not 

Table 1 Comparison of SCM muscle thickness and elastic measurement of boy and girl infants in normal group

Item
Short axis Long axis

Boy Girl P value Boy Girl P value

Thickness (mm) 3.90±0.40 3.80±0.30 0.121 3.70±0.30 3.70±0.40 0.140

Shear wave velocity (m/s) 2.09±0.18 1.97±0.21 0.902 2.21±0.19 2.12±0.19 0.611

Shear modulus (kPa) 4.54±0.77 4.02±0.83 0.911 4.98±0.85 4.58±0.82 0.553

Strain ratio 0.97±0.09 1.02±0.06 0.322 0.99±0.07 0.97±0.08 0.362

Table 2 Comparison of left and right SCM muscle thickness and elastic measurement in normal infants

Item
Short axis Long axis

Right Left P value Right Left P value

Thickness (mm) 3.7±0.30 3.80±0.60 0.652 3.60±0.30 3.70±0.5 0.593

Shear wave velocity (m/s) 2.03±0.20 2.11±0.25 0.273 2.23±0.22 2.32±0.16 0.282

Shear modulus (kPa) 4.27±0.80 4.26±1.04 0.811 4.89±0.96 5.41±0.71 0.492

Strain ratio 1.00 ±0.06 0.99±0.08 0.754 0.98±0.08 1.01±0.08 0.731

Table 3 Comparison of SCM muscle elastic measurement between short axis and long axis of normal infants

Item
Right Left

Short axis Long axis P value Short axis Long axis P value

Shear wave velocity (m/s) 2.03±0.20 2.23±0.22 0.030 2.11±0.25 2.32±0.16 0.031

Shear modulus (kPa) 4.27±0.80 4.89±0.96 0.041 4.26±1.04 5.41±0.71 0.040

Strain ratio 1.00 ±0.06 0.98±0.08 0.662 0.99±0.08 1.01±0.08 0.663

Table 4 Comparison of the SCM muscle thickness and elastic measurement in symmetrical and extensional supine position of normal infants

Item
Short axis Long axis

Symmetric position extension position P value Symmetric position extension position P value

Thickness (mm) 3.70±0.30 3.70±0.30 0.680 3.60±0.30 3.60±0.40 0.710

Shear wave velocity (m/s) 2.03±0.20 2.21±0.21 0.039 2.23±0.22 2.38±0.20 0.036

Shear modulus (kPa) 4.27±0.80 4.82±0.94 0.035 4.89±0.96 5.62±0.93 0.039

Strain ratio 1.00 ±0.06 1.03±1.10 0.101 0.98±0.08 1.07±0.09 0.329
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influenced by sex and age, which was consistent with 
the results of this study. What’s more, in this study, the 
bilateral SCM muscles were compared, and it was found 
that there was no difference in the thickness, strain ratio, 
shear wave velocity and shear modulus of the bilateral 
SCM muscles.

At present, the research on the US elastography in the 
skeletal muscles of extremities is becoming more mature, 
but there are few reports about its use in SCM muscle. In 
this study, the factors affecting the stiffness of the SCM 
muscle were investigated by dual mode US elastography. 
Our findings indicated that the US elastic measurement 
of the SCM muscle is related to ultrasonic section and 
the degree of the neck extension, but it is not related to 
the sex of the children and the left and right side of the 
SCM muscle. These findings should be considered when 
applying ultrasound elastography to evaluate the stiffness 
of the SCM muscle.
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