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Abstract
The aim of the study was to study sonoelastographic features of thesartorius muscle, and its relation to the demographic factors.
The study included 70 muscles in 35 healthy subjects. High-resolution ultrasound and shearwave elastography were used to

evaluate the sartorius muscle. Stiffness values were measured.
The mean shear elastic modulus of the sartorius muscle was 21.96±5.1kPa. Demographic factors showed no relation to the

elastic modulus of the left sartoriusmuscle. Positive statistical correlation was noted between the elastic modulus of the right sartorius
muscle, weight, and body mass index.
Our results could be a reference point for evaluating sartorius muscle stiffness in future research considering different pathologies.

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

Radiology plays an important role in the diagnosis of different
muscular diseases. Diagnostic imaging allows evaluation of the
morphologic, qualitative, and metabolic status of skeletal
muscles by revealing fatty atrophy, edema, and focal lesions.
Despite these contributions, conventional radiologic techniques
remain unable to assess biomechanical properties of muscles
related to contractile properties, an important feature of skeletal
muscles.[1] Conventional ultrasound has gained popularity as a
complimentary tool for the examination of the musculoskeletal
system. In addition to shorter acquisition time and less
discomfort, advantages of ultrasound include wide availability,
cheap price, and noninvasive nature. An important limitation of
conventional ultrasound is its inability to show the biomechani-
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cal properties of tissues and to assess the relationship between
different clinical symptoms and structural disorganization.
Elastography is a relatively new technique introduced in the
early 1990s to provide information about tissue stiffness. In
addition to morphologic data, elastography can obtain data
about the biomechanical properties of the musculoskeletal
system. There are 2 main types of elastography. The first is
strain elastography, where tissue displacement is evaluated by
probe compression to estimate tissue stiffness, resulting in color
scaled qualitative and semiquantitative evaluation of elasticity.
The other type is shear wave elastography (SWE), where the
probe induces a pulse, which then propagates through the tissue
of interest in a shear manner and presented in kilopascals (kPa,
Young modulus).[2–9] Advantages of SWE include the ability to
display quantitative results, user-friendliness, and reproducibili-
ty. SWE is now widely used in evaluating hepatic fibrosis, thyroid
gland, and breast masses, in addition to muscles, tendons, and
ligaments.[2] SWE can also evaluate the mechanical properties of
muscles in different age groups. Stiffness of muscles tends to
increase with age. This could influence health and activity of the
adult population.[3] Since muscles are anisotropic, probe
orientation relative to muscle fibers would be an important
factor to determine shear wave velocity.[10] Measurement of
muscle elasticity at rest provides important physiologic baseline,
although measuring the stiffness of a contracted muscle is
more likely to differentiate between normal and pathologic
muscle.[11–15]

The sartorius muscle is the longest muscle in the body and is
the most superficial muscle in the anterior compartment of the
thigh. The word sartorius is derived from the Latin word sartor
which means tailor. It travels obliquely in an inferomedial
direction from its origin at the anterior superior iliac spine to its
insertion at the pes anserine at the superior medial side of the
proximal tibia near the medial tubercle. It spans both the knee
and hip joints, and acts synergistically withmuscles of the thigh,
hip, and knee. Its main function is flexion of the knee and hip
joints. In addition, it assists in the lateral rotation and abduction
of the hip joint. More than half of the arterial supply of the
sartorius muscle comes from the muscular branches of the
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femoral artery, but collateral flow could come from other
arteries. The nerve supply comes from the femoral nerve.[11–18]

Chronic overuse of the sartorius muscle could cause inflamma-
tion at the insertion of the conjoint tendon. This inflammation
could cause local irritation of the surrounding tissues leading to
pes anserine bursitis. Another clinically significant condition is
avulsion injury of the origin at the anterior superior iliac spine.
These injuries usually occur in young athletes secondary to
sudden indirect trauma with forceful contraction of the
sartorius and tensor fascialata.[13] The Sartorius muscle can
be used as a donor flap to cover complicated wounds in
reconstruction surgeries and is considered ideal considering its
length and high vascularity.[14] Knowledge of the stiffness of the
muscle before this kind of surgery is crucial for the selection of
the proper candidate. Numerous studies were conducted using
SWE for different muscles in healthy subjects, and some muscle
pathologies. These studies revealed informative but heteroge-
nous results.[6,7,19] The aim of this work is to study the
sonoelastographic features of the sartorius muscle.
Figure 1. Short-axis view shearwave elastography of the sartorius
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2. Methods

2.1. Participants

Seventy muscles were evaluated in 35 healthy adult subjects.
After institutional review board approval, participants of the
study were recruited between September 2019 and October
2019, and written consent was obtained. Inclusion criteria
included healthy subjects, male or female, asymptomatic with
normal physical activity (age range 20–46). Exclusion criteria
were: history of history of anabolic steroid use, lower limb pain,
weakness, lower limb surgery, and lower limb muscle injury,
history of limb overuse. For each participant, data including sex,
age, weight, body mass index (BMI), and height were recorded.

2.1.1. Technique. Ultrasound examinations were performed by
using an 18 to 5MHz linear-array transducer (Aixplorer; Mach
30, AixenProvence, France). A radiologist (M.B, 19years of
experience) performed all examinations, images were reviewed
by neurologist (AAE 10 years of experience). Participants were
muscle, with minimum, maximum, and mean stiffness in kPa.



Table 2

Correlation between demographic factors and elasticity of the
sartorius muscle.

RT SART LT SART

Age 0.204 0.275
Sig 0.240 0.109
Weight/kg �0.016 0.355

∗

Sig 0.925 0.037
Height/cm 0.186 0.294
Sig 0.284 0.087
BMI �0.113 0.399

∗

Sig 0.519 0.018

BMI=body mass index, LT= left, RT= right, SART= sartorius muscle, Sig= significance.
∗
Correlation is significant at the 0.05 level.
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examined at rest with no preceding exercise. Ultrasound was
performed in the supine position, with semi-flexed knee, and
slight external rotation of the hip. The ultrasound probe was
positioned in the middle third of the thigh where the femoral
artery was identified at its medial part. The sartorius muscle was
recognized as an elliptical structure in the short axis. Each subject
was scanned 3 times with the removal of the probe from the skin
between measurements. Large amount of gel was used with light
touch of the probe to decrease pressure effect on the skin. In each
examination, and after identifying the muscle, the probe was held
stationary for 3 to 4seconds and a 2mm diameter region of
interest circle was placed within the muscle where stiffness
measurements were taken in the resting position (short axis).
Quantitative SWE measurements show display of the mean
elasticity (Mean), minimum elasticity (Min), and maximum
elasticity (Max) with standard deviation (SD) and values were
reported in kilopascals, kPa. The spectrum of scale colors range
from blue for softer tissues, to red for stiffer tissues (Fig. 1).

2.2. Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) version 21 software (SPSS Inc, Chicago,
IL). Data were presented as mean± standard deviation and
range. Intra-observer variability was measured using Kohen
Kappatest. Independent sample test was used to assess the
differences between mean elasticity of the right and left tibial
nerves. The correlations between the mean elasticity bilaterally
and age, weight, height, and BMI were calculated by Pearson
correlation coefficient test.
3. Results

The study included 70 muscle in 35 healthy adult subjects, with
a mean age of 33.09±6.59 [range 20–46], mean height 160.49
±10.10 [range 149–193], mean weight 64.09±14.81[range
45–125], mean BMI 25.09±3.60 [range 18.50–33.60]. The
mean shear elastic modulus of the sartorius muscle was 21.96±
5.1kPa [range 9–38.3 kPa]. Table 1 shows the demographic
characteristics of study participants. Table 2 shows correlation
between demographic factors and elasticity of the sartorius
muscle. The intra-observer reliability calculations resulted in an
overall intraclass correlation coefficient of 0.78. No statistical
differences were noted between the right and left sides
(P= .072). No significant statistical difference between both
sexes could be found at our study. Age, height, weight, and
BMI showed no correlation with elastic modulus of the left
sartorius muscle. Positive statistical correlation was noted
between the elastic modulus of the right sartorius muscle,
weight, and BMI, P= (.05).
Table 1

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

(n=35) Range

Age (yr) 33.09±6.59 20–46
Weight (kg) 64.09±14.81 45–125
Height (cm) 160.49±10.10 149–193
BMI 25.09±3.60 18.50–33.60

BMI=body mass index.
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4. Discussion

We studied the sartorius muscle in healthy adult subjects by SWE.
The relationship between elasticity and height, weight, bodymass
index, gender was also studied. Conventional ultrasound is
widely used in the diagnosis of musculoskeletal disorders, and it
can clearly depict the echotexture. In addition to morphologic
data, SWE can now obtain data about the biomechanical
properties of themusculoskeletal system. Also SWE can assess the
absolute elasticity values of muscles and obtain important
information about the mechanical properties related to injury,
degeneration, and healing.[6,20] Muscle injuries could occur via
variousmechanisms, like contusions, lacerations. They could also
occur via indirect mechanisms like neurologic dysfunction and
ischemia. This relationship between muscle function and
mechanical properties might help clinicians to understand the
pathophysiology and background of many muscular disorders.
Effective evaluation of skeletal muscles could lead to improve-
ment in management of these disorders, understanding the
healing process, and speeding up methodology development
important for recovery of the muscle function. Understanding
practice guidelines is important to enhance reproducibility. In the
short axis, mild probe angulation can cause considerable changes
in elasticity measurements, and every attempt was made to be
steady during image acquisition.[19–22] The mean stiffness of the
sartorius muscle in our study was 21.96±5.1kPa [range 9–38.3
kPa]. Side-to-side analysis revealed no significant difference of
stiffness, and showed no difference between both sexes matching
with our results. Age, height, weight, and BMI showed no
correlation with elastic modulus of the left sartorius muscle in
accordance with previous studies.[23] Positive statistical correla-
tion was noted between the elastic modulus of the right sartorius
muscle, weight, and BMI, P= (.05). This could be attributed to
the dominance of the right leg muscles in several sports. Only 1
study (Dubois et al) considered the sartorius muscle by SWE in
the literature, he reported a mean elasticity at rest of 5.3±1.1
kPa. This value is low compared with our results. This could be
attributed to different techniques, like probe orientation, and axis
of examination.[24] Several studies considered SWE of the lower
limb muscles. Akagi and Takahashi reported mean elasticity of
the gastrocnemius at rest (medial head 27.0±59.0 kPa, lateral
head 32.0±6.3 kPa), this is comparable to our results, especially
considering that measurements were taken in short axis like our
study.[24,25] Sato et al also reported comparable results to our
study, reporting a mean elasticity of the medial head of the
gastrocnemius at rest to be 19.5±14kPa.[26] Arda et al[27] studied
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the mean elasticity for the gastrocnemius muscle at rest 11.4±4.1
kPa [range 2–28 kPa] which is lower than our results. Shinohara
et al[28] showed a slightly higher mean elasticity for the
gastrocnemius muscle at rest to be 16.5kPa, for the soleus
muscle [14.5 kPa], and for the tibialis anterior muscle [40.6 kPa].
Koo et al[29] reported a mean elasticity for the tibialis anterior
muscle in the resting state as low as 7kPa. Statistically significant
difference is observed between different skeletal muscles.
Elasticity values in the resting condition in vivo range between
3.1 and 42.8kPa.[30] This diversity in shear modulus measure-
ments between studies could be attributed to several factors. First,
the anisotropic physical properties of skeletal muscles. These
properties are maintained as a result of parallel arrangement of
collagen, myofibrils, muscular fibers, elastic fibers, fascicles. This
could lead to the fact that shear waves travel faster along the
direction of fibers than they do when perpendicular to them,
meaning that stiffness measurements are sensitive to the angle
between the transducer axis and the orientation of muscle fibers.
Consequently, measuring stiffness is more difficult in muscles
with complex multiorientation fibers. Second, the fact that a
muscle is deformable, and is sensitive to transducer pressure,
mandates the use of large amount of coupling gel so that the
transducer does not compress the underlying muscle. Third,
different measurement techniques like limb positions, and
examination during rest or contraction, could result in significant
variability of elasticity measurements.[22] A contracted muscle is
stiffer than a “relaxed” or “resting”muscle.[31] SWE could detect
stiffness changes related to muscle stretching, contraction, and
manipulation. SWE could also detect these changes. Muscle
stiffness is linearly related to passive and active forces, induced by
hyperemia, actomyosin bridges, and changes related to extracel-
lular matrix during contraction. Inside each muscle, the number,
type of fibers, the spatial arrangement of fascicles, amount of
connective tissue, fat, isoforms of actin-myosin, and capillary
supply, vary depending on the use and function of a particular
muscle.[1] This study has several limitations. First, the sample size
is small, which could decrease the validity of our measurements.
Second, there is lack of comparison to pathological tissues. Third,
we evaluated muscle stiffness during rest only. Fourth, we only
measured the muscle elasticity on short axis. Future studies
should be conducted with larger sample size, considering
different pathologies, measuring elasticity in both axes, during
rest, contraction, and with load.
5. Conclusion

The results obtained in our study could be a reference point for
evaluating sartorius muscle stiffness in future research consider-
ing different pathologies.[32,33]
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