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Abstract
The aim of the study is to evaluate the reliability of shear wave elastography to assess the anterior and middle scalene muscles in
healthy adult subjects.
The study included 60 scalenemuscles in 15 healthy subjects. High-resolution ultrasound and shear wave elastography were used

to evaluate the anterior scalene and the middle scalene muscles. Stiffness values were measured.
The mean shear elastic modulus showed the following values, right anterior scalene muscle 18.83±5.32kPa, left anterior scalene

muscle 21.71±4.8kPa, right middle scalene muscle 12.84±5.2kPa, left middle scalene muscle 19.76±5.30kPa. Positive
correlation was noted between the left middle scalene muscle and body mass index (P= .004). No difference in elasticity was noted
between the right and left anterior scalene muscles; however, significant difference was noted between the right and left middle
scalene muscles (P= .002).
The results obtained in our study could be a reference point for future research considering different scalene muscle pathologies.

Abbreviations: BMI = body mass index, SWE = shear wave elastography.
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1. Introduction

The scalene muscles are located lateral to the cervical spine and
deep to the sternocleidomastoid muscle.[1] Anatomical variation is
common among the scalene muscles. To assess function of the
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scalene muscles, electromyography is usually used, other tools
include ultrasonography and magnetic resonance imaging. The
anterior and middle scalene muscles connect the first 2 ribs to the
vertebrae. Both muscles form the space for passage of the brachial
plexus (fissura scalenorum). Themiddle scalenemuscle arises from
the transverse processes of the posterior tubercles of C2-C7. It is
supplied by the anterior rami of C3-C8. The anterior scalene
muscle originates from the transverse processes of the anterior
tubercles ofC3-C6. It is suppliedby the anterior ramiofC5andC6.
Bothmuscles help flexion of the cervical spine and act as accessory
muscles of respiration when the cervical spine is stationary. In
addition to its importance in surgeries of thoracic outlet syndrome,
scalenemuscles are important in cases of neck pain.[1,2] Shearwave
elastography (SWE) is an emerging imaging technique that depicts
tissue stiffness.[3] Recent research suggests that combination of
ultrasound elastography and conventional ultrasound gives more
precise results than ultrasound alone in certain areas.[4] SWE could
assess both pathologic and physiologic behaviors of muscles. This
is due to its accuracy, user-friendliness, wide availability, in
addition toquantitative results.[5] In SWE, the transducer induces a
pulse, which propagates through soft tissues in a shearmanner and
presents measurements in kilopascals (kPa, Young modulus). The
shear wave velocity correlates positively with the stiffness of the
examined tissue, being low in soft tissues and high in stiff tissues.
SWE is nowadays used in evaluating liverfibrosis, thyroid diseases,
and breast lesions. Its use for muscles, nerves, tendons, and
ligaments is also evolving.[6–12] SWE can be used for quantification
of the mechanical properties of muscles in different age groups.
SWE can assess various muscular disorders such as muscular
dystrophies, Parkinson disease, and spasticity resulting from
stroke.[13]

Establishment of normal reference values for muscle stiffness
by a safe noninvasive imaging tool is important for the
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assessment of disease activity, progression, and response to
treatment in several pathologies.[13–16] Among these disorders is
the myofascial pain syndrome which is considered one of the
most common musculoskeletal conditions.[17] In addition,
assessment of the stiffness of the scalene muscles could have
direct impact on the management of cases of tight scalene muscles
causing thoracic outlet syndrome.[18] The aim of the study is to
evaluate the reliability of shear wave elastography to assess the
anterior and middle scalene muscles in healthy adult subjects.
2. Methods

2.1. Participants

This is a cross-sectional observational study. We recruited normal
healthy subjects from the employee of a university hospital. The
sample size was estimated to be n=25, only 15 of them applied the
criteria for reliability. Sixtymuscleswere evaluated inhealthy adult
subjects. After institutional review board approval (PSAU/ COM/
RC/IRB/p/69), participants of the study were recruited between
March 2020 and May 2020, and written consent was obtained.
Inclusion criteria included healthy subjects, males or females (age
range 24–26). Exclusion criteria were: history of neck pain, neck
surgery, and trauma. For each participant, data including sex, age,
weight, BMI, and height were recorded.
2.2. Technique

Ultrasound examinations were performed by an L18–4, M HZ
linear-array transducer (EPIQ Elite SW 5.0.1, Ultrasound
system: Philips, Bothell). A radiologist (M.A.B, 19years of
experience) performed all examinations. To image the scalene
muscles, the subject was placed in a supine position and the
ultrasound transducer was placed just lateral to the thyroid lobe.
The nerve roots of the brachial plexus were seen as oval hypo-
echoic structures between the anterior and middle scalene
muscles (Figs. 1 and 2). Each subjectwas scanned 3 timeswith the
Figure 1. Short-axis view shear wave elastography of the anterior scalene muscle,
of stiffness in kPa. ANT SCA = anterior scalene muscle.
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removal of the transducer from the skin after each measurement.
Large amount of gel was used with light touch of the probe to
decrease pressure effect on the skin. To increase the reliability of
the reported stiffness values, a confidence map was used to mask
areas below a specified confidence level. After identifying the
scalene muscles, the “elasticity” mode was activated and the
probe was held stationary for 5seconds with a 2mm diameter
region of interest (ROI) circle placed 3mm away from the upper
surface of the muscle. After viewing the color map, real-time
shear wave images were recorded with color-coding. The
readings consisted of median elasticity (MED), maximum
elasticity (MAX), and average elasticity (AVG) and were
reported in kPa. The color scale was mapped to a 0kPa to
200kPa range. The spectrum of scale colors ranges from blue for
softer tissues through red for stiffer tissues (Fig. 1).
2.3. Statistical analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences (SPSS) version 21 software (SPSS Inc, Chicago, IL).
Datawerepresentedasmean± standarddeviation (SD)andrange.A
nonparametric test (Mann–Whitney test) was used to assess the
difference betweenmean elasticity of the anterior andmiddle scalene
muscles.The correlations between themean elasticity bilaterally and
age,weight, height, and BMIwere calculated by Pearson correlation
coefficient test. The sample size was estimated to be 25 prior to the
start of the study, but fewer subjects fulfilled the optimal
measurement criteria and signed informed consent. A P value
�.05 was considered statistically significant. The intra-observer
reliability calculation was analyzed by the 2-way random effect and
expressed by the overall intraclass correlation coefficient.
3. Results

The study included 60muscles in 15 healthy adult subjects, with a
mean age of 32.2±6.66 [range 24–46], mean height 158.4±6.49
with confidence map on the left, color map scale on the right, for measurement



Table 1

The demographic characteristics of study participants (mean±
standard deviation).

(n=15) Range

Age (yr) 32.2±6.66 24–46
Weight (kg) 58.43±10.28 44–84
Height (cm) 158.4±6.49 150–169
BMI 23.23±3.30 19–31

BMI = body mass index.

Table 2

Correlations between age, weight, height, and BMI, with CSA, and
elastic modulus of the anterior and middle scalene muscles.

R AS R MS R AS L MS

Age 0.163 �0.253 �0.193 0.427
Sig 0.562 0.362 0.490 0.112
Weight/kg 0.286 �0.171 �0.114 0.441
Sig 0.302 0.541 0.685 0.100
Height/cm 0.099 0.060 0.006 �0.197
Sig 0.726 0.833 0.983 0.481
BMI 0.297 �0.256 �0.148 0.691

∗

Sig 0.283 0.358 0.600 0.004

AS = anterior scalene muscle, BMI = body mass index, L = left, MS = middle scalene muscle, R =
right, Sig = significance.
∗
Significance (P= .004).
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[range 150–169], mean weight 58.4±10.28 [range 44–84], mean
BMI 23.23±3.30 [range 19–31]. The mean shear elastic moduli
were as follows: right anterior scalene muscle 18.83±5.32kPa,
left anterior scalene muscle 21.71±4.8kPa, right middle scalene
muscle 12.84±5.2kPa, left middle scalene muscle 19.76±5.30
kPa. Table 1 shows the demographic characteristics of study
participants. Table 2 shows correlation between demographic
factors and elasticity of the anterior and middle scalene muscles.
Figure 2. Short-axis view shear wave elastography of the middle scalene muscle, w
stiffness in kPa. MIDDLE SCA = middle scalene muscle.
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The intra-observer reliability calculations resulted in an overall
intra-class correlation coefficient of 0.80. Age, height, and weight
showed no correlation with the elasticity of bothmuscles. Positive
correlation was noted between the left middle scalene muscle and
BMI (P= .004). No difference in elasticity was noted between the
right and left anterior scalene muscles; however, significant
difference was noted between the right and left middle scalene
muscles (P= .002).
4. Discussion

We studied the anterior and middle scalene muscles in healthy
adult subjects by SWE. The relationship between elasticity and
height, weight, body mass index, gender were also studied.
Numerous studies were conducted using SWE for different
muscles in healthy subjects, and some muscle pathologies. These
studies revealed informative but heterogeneous results.[7] The
mean stiffness of the scalene muscles in our study was as follows:
right anterior scalene muscle 18.83±5.32kPa, left anterior
scalene muscle 21.71±4.8kPa, right middle scalene muscle
12.84±5.2kPa, left middle scalene muscle 19.76±5.30kPa. Kuo
et al studied neck muscles in 20 healthy adult volunteers by SWE.
The mean and standard deviation were as follows: The scalene
anterior (1.12±0.17m/s), trapezius (2.09±0.45m/s), levator
scapulae (1.21±0.30m/s), sternocleidomastoid (0.97±0.10m/
s).[14] Dieterich et al measured the average stiffness of some
extensor neck muscle (semispinalis capitis, splenius capitis,
trapezius, semispinalis cervicis, and multifidus). The stiffness in
different locations ranged from 8.6 to 13.3kPa. Interestingly, this
study revealed similar stiffness between people with and without
chronic neck pain despite sensation of increased sensation of
stiffness in those people with neck pain.[19] Herman et al studied
the SWE of the normal soft tissues of the neck. He revealed a
mean stiffness of the masseter to be 10.0±4.3kPa, and for the
sternocleidomastoid muscle to be 11.0±3.4kPa.[20] Arda et al
reported the mead stiffness of the masseter muscle to be 10.4±
3.7kPa. He also reported higher values for the gastrocnemius
muscle (11.1±4.1kPa) and for the supraspinatous muscle (31.±
ith confidence map on the left, color map scale on the right, for measurement of
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13kPa).[21] In comparison with the published research for the
neck musculature, our results are comparatively higher, except
for the right middle scalene muscle. This could be attributed to
the use of different ultrasound systems. Another reason could be
the use of meter/second as a parameter for stiffness measurement
instead of kPa which could yield difference in results.
Understanding practice guidelines is important to enhance
reproducibility. There is diversity in the elasticity measurements
of various muscles between different studies ranging in the resting
state between 3.1kPa and 42.8.[21] Several factors could
contribute to these differences. First, the arrangement of various
components of fibrils, muscular fibers, collagen fibers and elastic
fibers. As a result, the stiffness in complex multiorientation fibers
is therefore considered a difficult task.[22] Second, measurement
with different limb positions and postures yields different
elasticity measurements.[23,24] Third, muscle state at the time
of examination whether it is in the “resting state” or
“contracted” is also important.[25] Fourth, due to the anisotropic
nature of orientation muscle fibers, the angle between the
transducer axis and the muscle fibers is sensitive in determining
the shear wave velocity.[26] This study has several limitations.
First, the sample size was small, with only 15 subjects fulfilling the
criteria for optimal elastographic measurements. This could limit
the reliability and statistical significance of our results. Second, is
lack of comparison to pathological tissues. Future studies should
be conducted with larger sample size, with a variety of
pathological conditions. In conclusion, the results obtained in
our study could be a reference point for future research
considering different scalene muscle pathologies.
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