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Objective: To summarize the available evidence on the use of elastography in the assessment 
of the masseter muscle in healthy individuals and patients with masseter muscle disorders.
methods: Systematic literature review has been performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta- analyses guidelines.
Results: 16 of 142 studies identified were analyzed. Elastography was used in seven studies. 
Heterogeneity was observed in terms of study protocols, devices, patients, units of measure, 
and results. Elasticity values showed a correlation between the left and right masseter muscle 
side in healthy people, but not in patients with temporomandibular disorders (TMDs). Elas-
ticity values increased in TMD and were correlated with the severity of TMD symptoms. 
Phantom studies proved the high reliability of elastography.
conclusion: Elastography is a promising tool for the assessment of the masseter muscle elas-
ticity, but the evidence is insufficient. Studies on larger groups are needed to determine the 
accuracy of elastography to characterize masticatory muscle disorders.
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introduction

The masseter muscle, being a part of the masticatory 
apparatus, helps to perform an important physiolog-
ical function of mastication, which is an initial activity 
for appropriate digestion. Pathologies of the masseter 
muscle result in impaired bite force and occlusal 
morphology, speech disorders, and acute or chronic 
pain.1,2 The assessment of the masticatory muscle is 
particularly useful for diagnosing and monitoring 
muscle- related temporomandibular disorders (TMDs), 

which are frequent orofacial problems. The prevalence 
of TMD varies greatly across studies. Prevalence of 
myofascial TMD was estimated to be 10.5% in United 
States community females.3 In the Northern Finland 
Birth Cohort 1966, the prevalence of TMD symptoms 
reached 34.2% in 46- year- old people and dominated in 
females.4 A Brazilian study conducted in adolescents 
between the age of 10 and 17 years showed a 33.2% 
prevalence irrespective of age and economic status.5 
Studies conducted on the Polish population found that 
approximately 54% of students presented with TMD 
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symptoms.6,7 Some other studies suggest that TMD 
symptoms may be present in up to 40–90% of the 
population, but without the need for active treatment.8 
Some reports from the literature link the increase in 
TMD symptoms to abuse of active substances and poor 
emotional health status; TMD is diagnosed in over half  
of the prisoners.9,10

The clinical presentation of TMD includes acute 
and chronic masticatory muscles and/or temporoman-
dibular joint pain, sounds in temporomandibular joints 
(clicking and popping), and abnormal jaw movements. 
The main symptoms may be associated with headache, 
otolaryngological disorders, and pain within muscles 
of the neck and shoulder girdle. Physical examination 
sometimes shows an increased stiffness and tension of 
the masseter muscles, which is often associated with 
their hypertrophy, soreness, and pain during palpation. 
Diagnostic criteria are based on the recommendations 
of the International Network for Orofacial Pain and 
Related Disorders Methodology (Diagnostic Criteria 
for Temporomandibular Disorders; DC- TMD).11,12

Clinical symptoms perceived by patients and the 
mechanics of  the temporomandibular joints are 
important for the diagnosis of  TMD, but they consti-
tute only a part of  the picture of  the disorders. Novel 
approaches to evaluate the condition of  masticatory 
muscles may facilitate the diagnosis and enable precise 
monitoring of  the management. One of  such tech-
niques is shear wave elastography used for noninva-
sive assessment of  soft tissue hardness. In this method, 
shear waves generated by pressure are detected by 
longitudinal ultrasonography waves that propagate in 
tissues much faster than shear waves. The quantitative 
measurement of  tissue hardness is expressed in kilo-
pascals. The advantages of  this method include low 
dependence on the operator, high repeatability and the 
possibility of  quantitative evaluation of  tested param-
eters.13–16 The main disadvantage is that every organ has 
its unique characteristics, and hence, normative values 
must be determined for each muscle independently.17,18 
Currently, although there has been a growing body of 
evidence, little is known about elasticity values of  the 
masseter muscle as well as the optimal examination 

protocol that would enable to obtain repetitive and 
reliable results.

The goal of  this systematic review was to summa-
rize the available evidence on the use of  elastography 
in the assessment of  the masseter muscle in healthy 
individuals and patients with TMD. Authors focused 
on the techniques and devices used for the assessment 
of  the masseter muscle. Furthermore, the authors 
aimed at determining the ranges of  the masseter 
muscle elasticity and factors that contribute to its 
change.

methods and materials

Evidence acquisition
The databases PubMed, Ovid MEDLINE, Web of 
Science, and  ClinicalTrials. gov were searched for 
relevant literature on February 19, 2019. The present 
systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) guidelines.19 The search in 
databases was supplemented with a Google search 
of  grey literature and hand search of  the bibliogra-
phies of  retrieved articles. No restrictions regarding 
timeframe and geographical scope were applied, but 
papers published only in English were considered. 
Electronic search strategies employed the following 
keywords elastography, shear- wave elastography, 
sonoelastography, TMD, masticatory, masseter as 
well as combinations and variations of  them and 
are shown in Supplementary Table 1 to S3. Inclu-
sion and exclusion criteria were defined according to 
the PICOS (Population, Intervention, Comparison, 
Outcomes and Study Design) approach (Table  1). 
Three reviewers performed the literature search. Two 
reviewers screened records and abstracts and recom-
mended papers for qualitative analysis. The following 
data were extracted from selected papers: author and 
year of  publication, characteristics of  the popula-
tion under study, examination protocol, the device 
used, and elasticity values of  the normal and diseased 
masseter muscle.

table 1 Inclusion and exclusion criteria

PICOS Inclusion criteria Exclusion criteria

Population Healthy patients, phantoms, humans and animals, 
patients suffering from TMD

Pathologies other than TMD including 
malignant lesions, benign tumors, injuries

intervention Shear- wave elastography or sonoelastography of 
masseter muscle

-

comparator None or any -

Outcome Muscle hardness and elasticity -

Study RCTs, cohort studies, experimental models, animal 
models, case reports

Review papers, letters, commentaries, articles not 
in English

PICOS, Population, Intervention, Comparison, Outcomes and Study Design; RCT, randomized controlled trials;TMD, temporomandibular 
disorders.
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Results

Evidence synthesis
A total of 142 studies were identified, out of which 16 
met PICOS criteria and were included in a qualitative 
analysis of the use of elastography for the assessment of 
the masseter muscle. For the evaluation of the shear wave 
elastography values, seven publications were considered. 
Additionally, two ongoing studies were identified from 
the Clinical Trials Database. The selection process is 
shown in the PRISMA flow diagram in Figure 1.

Study populations
A total of 16 studies on 573 subjects were analyzed. 
These studies included 486 healthy volunteers, 73 
patients with TMD, 13 patients who underwent radio-
therapy for nasopharyngeal carcinoma (this subgroup 
was compared to the healthy control group which was 
of interest in this review; for this reason, the whole 
study population was included), 1 patient with unilat-
eral temporal myositis, 6 cadavers, and 2 phantoms. 
Only in two studies, the study groups comprised over 
100 participants. Study cohorts were small with a mean 
number of subjects of 47.7 (median 33.5; range 10–176). 

The qualitative evaluation of elasticity values focused 
on studies using shear wave elastography. These studies 
included 436 (76% of the pooled number of all studies 
included) subjects with the mean sample size of 72.6 
(median 46.5; range 10–176). The characteristics of the 
16 studies included are presented in Table 2. The details 
of studies on shear wave elastography are depicted in 
Table 3.

Devices used for the measurement of elasticity
Several devices were used to measure elasticity. For strain 
elastography, two machines were used. In one study, the 
EUB-7000 device (Hitachi Medical Systems, Tokyo, 
Japan) equipped with a 6–13 MHz wide bandwidth 
linear probe was used,28 while four other studies used 
LOGIQ E9 (GE Healthcare, Tokyo, Japan) equipped 
with a 4.5–15 MHz wide bandwidth linear active- matrix 
transducer (ML6-15- D).22,23,29,30

A wide variety of devices were used for shear wave 
elastography. Supersonic Imaging System Aixplorer 
ultrasound machine (Aix- en- Provence, France) was 
used either with a linear- array transducer with a 
frequency range of 6–13 MHz or 4–15 MHz.17,20,25 In 
two studies, a GE Logic E9 system with a 9 MHz linear 

Figure 1 PRISMA flow diagram of the systematic review protocol. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses

http://birpublications.org/dmfr
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table 2 Characteristics of the studies included in the systematic review

Author Technique Study population Results

Arda, 201120 Shear wave elastography 127 healthy volunteers (89 females, 
38 males) with a mean age of 37.7 ± 

9.11 years; range, 17–63 years)

The mean elasticity values were 10.4 ± 3.7 kPa for the 
masseter muscle. The same values in the longitudinal 

and transverse planes. Values in the longitudinal place 
were greater in males 10.8 ± 3.9 (range 4–20) than in 
females 10.3 ± 3.6 (range 2–23) with p value of 0.3. 

There was no correlation between age and elasticity of 
the muscle (p = 0.50).

Ariji, 200921 Real- time sonographic 
elastography

14 healthy volunteers (10 males and 
six females) and two female patients 

with TMD

The mean MSI of the right and left muscles in the 
healthy volunteers were 0.85 ± 0.44 and 0.74 ± 0.35.
There was a significant correlation between the right 
and left MSI (R = 0.67, p < 0.001). The mean MSI 
was lower in males and in females (0.64 ± 0.34 and 

1.05 ± 0.35; p = 0.008).
MSI values of a 29- year- old female with TMD of the 
right masseter muscle were 2.06 for the right and 0.43 

for the left masseter muscle.
MSI values of a 46- year- old female with bilateral 

TMD were right 3.71 for the right and 0.22 for the left 
masseter muscle.

Ariji, 2012 Strain sonoelastography 35 healthy volunteers (20 males and 
15 females) with a mean age of 41.4 

± 12.4 years; range, 25–65 years)

MEI was comparable for both masseter muscles with 
values of 0.79 ± 0.43 for the right side- and 0.74 ± 

0.37 for the left side (p = 0.5737). A strong correlation 
was observed between the two sides (R = 0.7739; p < 

0.001).

8 TMD patients (2 males and six 
females) with unilateral myofascial 
pain with a mean age of 44.1 ± 9.6 

years; range, 32–60 years)

MEI was higher for the symptomatic side- than for 
the contralateral side (1.13 ± 0.43 vs 0.77 ± 0.31; p 
= 0.03). The correlation between the two sides was 

insignificant (R = 0.4741; p = 0.2050).

Ariji, 201322 Strain sonoelastography ten healthy volunteers (8 males and 
two females) with a mean age of 40.9 

± 12.4 years; range, 26–54 years

MEI was comparable for both masseter muscles with 
values of 0.84 ± 0.21 for the right side- and 0.85 ± 

0.21 for the left side. MEI increased significantly after 
exercise.

Ariji, 201623 Strain sonoelastography 37 TMD patients with myofascial 
pain (6 males and 31 females) with a 
median age of 45 years (range 9–83 

years)

MEI was calculated at baseline and after 9.5 weeks 
of massage therapy. Patient were divided by response 
to the therapy. MEI in the therapy- effective was 1.33 
at the baseline, 1.17 after the third treatment session, 

and 1.00 after the last treatment session. In the 
therapy- ineffective group, MEI were 1.20, 1.08, and 
1.08, respectively. In the first group, values after the 
treatment were significantly lower in comparison to 

baseline, while in the second one, the differences were 
insignificant.

Ariji, 201623 Strain and shear wave 
elastography

Phantoms and 30 healthy volunteers 
(21 males and nine females) with 

the median age of 31.5 years; range, 
26–63 years

In healthy subjects, the average hardness on shear- 
wave sonoelastography was 42.82 ± 5.56 kPa at 
rest and 53.86 ± 8.26 kPa during jaw clenching. 

Differences between the left and right hardness values 
and between males and females were insignificant.

Badea, 201424 Shear wave elastography 25 healthy controls and 13 patients 
who had had radiotherapy for 

nasopharyngeal carcinoma (35 Gy 
minimum)

Shear waves velocities were measured in m/s. The 
values for relaxation and contraction in controls and 
patients presented no differences (1.79 ± 0.52 vs 1.72 
± 0.73; p = 0.72 and 1.70 ± 0.48 vs 1.59 ± 0.77; p = 

0.98). Differences between groups were insignificant 
(1.79 ± 0.52 vs 1.65 ± 0.63; p = 0.78).

Damian, 2016 Strain elastography One case report of unilateral 
temporal myositis

Values not available.

Ewertsen, 201818 Shear wave elastography 10 healthy individuals (5 males and 5 
females) with median age of 31 years 

and range from 22 to 46 years.

The mean shear wave speed in the parallel plane was 
2.45 ± 0.25 m/s. The effect of sequence (day- to- day 

variation) and dominant side- were insignificant. The 
effect of scan plane in relation to muscle pennation 

was statistically significant.

(Continued)
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array transducer was used.18,21 Ariji et al used a coupling 
agent with Young’s modulus of 40 kPa on the surface 
of the masseter muscle as the reference and presented 
the results in kPa.21 Another two studies were conducted 
using the ACUSON (S2000 or S20001) device (Siemens 
AG, Munich, Germany) with an 8–14 MHz linear 
transducer.24,27

The devices used in the studies for shear wave elastog-
raphy are listed in Table 3.

Techniques used for the measurement of elasticity in 
masseter muscles
The masseter muscle was examined in two positions: 
supine or sitting position; the supine position was more 
frequently used for shear wave elastography, whereas 
the sitting position was used for strain elastography. 
Slight differences were noted across the studies when 
comparing the technique of scanning.

In the early study on masseter muscle elasticity 
conducted by a team from Japan, the patient was seated 
in an upright position with the head in the natural posi-
tion. The measurements were acquired parallel to the 

anterior border of the muscle. The probe was placed 
15 mm, or 20 mm in more recent studies, above the lower 
margin of the mandible. In patients with tender points in 
the masseter muscle, the points were included in the area 
scanned.22,28 In the study conducted by Ewerstsen et al, 
the patient was examined when sitting on a chair while 
the sonographer was sitting behind the patient. The 
recordings were performed after light pre- compression 
of the skin.18 Takashima et al who used the sitting posi-
tion during examination evaluated three points (anterior 
border, center, and posterior border) of the masseter 
muscle body.27 Gotoh et al examined their patients in an 
upright position with the head in the natural position. 
They used a multiple focus technique with a focal range 
of 0.5–2.0 cm and image depth of 4.0 cm. Elasticity was 
measured 15 mm above the edge of the mandible.30

In both studies from 2016 performed by Ariji’s 
group, the patient lied in the supine position, but the 
head of the transducer was applied in the same manner. 
For better accuracy, each of the measurements was 
performed twice, and the results were averaged.21,23 The 
supine position dominated in studies using shear wave 

Author Technique Study population Results

Gotoh,2013 Strain elastography 10 healthy volunteers (8 males and 
2 females) before, immediately after, 
and 10 min after static contraction

The EI ratios of the right and left masseter muscles 
were 0.84 ± 0.21 and 0.85 ± 0.21, respectively, before 

exercise, 1.75 ± 0.43 and 1.71 ± 0.43 immediately after 
exercise, and 0.90 ± 0.38 and 0.87 ± 0.36 10 min after 

exercise. There were no significant differences between 
the right and left EI ratios in any of the phases.
The EI ratios immediately after exercise were 

significantly higher than those before exercise and 
10 min after exercise on both right and left sides.

Herman, 201717 Shear wave elastography 176 volunteers with no known 
history of head and neck disease 

with a mean age of 48.8 years and 
range from 21 to 91 years.

The mean stiffness was 10.0 ± 4.3 kPa. A small 
increase with age was observed. BMI and weight had 

small effect on stiffness values.

Joy, 201525 Shear wave elastography 6 Thiel soft- embalmed human 
cadavers (3 males and 3 females) 

with a mean age at death of 81.3 ± 
13.2 and range from 63 to 97 years.

Masseter 15.0 (95% CI: 6.3–35.5) kPa
Sex, age at death and repeated measurements had no 

effect on elasticity.

Nakayama, 201526 Strain elastography Phantoms with elasticity of 20, 40 
and 60 kPa.

25 healthy volunteers (10 females 
and 15 males) with a mean age of 

30.8 ± 9.8 years and range from 20 
to 53 years.

No differences in EI ratios between males and females 
as well as between the right and left sides were 

observed. EI ration increased during clenching. Less 
variations were observed for the hard coupling agent. 

The EI ratios increased and showed wide variation 
with clenching.

Takashima, 201727 Shear wave elastography 26 females with bilateral masseter 
muscle pain who were classified as 
having TMD Ia (myofascial pain; 

n = 13) or Ib (myofascial pain with 
limited opening; n = 13) and healthy 

controls consisted of 24 females.
Age range of TMD patients was 15 

to 46 years, while controls 23–45 
years.

TMD Ia = 1.96 m/s (12.5 kPa)
TMD Ib = 2.00 m/s (13.0 kPa)

Healthy females = 1.27 m/s (5.25 kPa)
Stiffness was significantly greater in TMD patients 

(p < 0.05). It was positively correlated with pain (p < 
0.05) and negatively with maximum assisted mouth 
opening (p < 0.05) and painless mouth opening (p < 

0.05).

MEI, masseter muscle elasticity index calculated as the value of (the mean elasticity index of the masseter muscle)/(the mean elasticity index 
of the subcutaneous fat tissue) and was defined as the total hardness; MSI, masseter stiffness index defined as the ratio of elasticity of the fat 
tissues and elasticity of the masseter muscle; TMD, temporomandibular disorders; EI, elasticity index defined as the strain values of each area 
compared with the average strain value of the whole area of interest; EI ratio was calculated as the mean EI of scoring area divided by the mean 
EI of background.

table 2 (Continued)
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elastography.17,20,24–26 Additionally, Badea et al examined 
patients in a supine position with the head half  extended 
and advised to refrain from swallowing during the exam-
ination. Nakayama et al instructed the patients to turn 
the head so that the side to be examined faced upwards 
and to relax the masseter muscle.26 Regarding contrac-
tion during the examination, Nakayama et al asked the 
patients to clench the mandible with the maximum force, 
while Badea et al asked the patients to make a moderate 
contraction.24,26

Most studies used some ultrasound gel on the skin 
over the muscle and carried out scanning without 
compressing the tissue.17,20,25,27

Elasticity values of the masseter muscle
Two studies showed that the elasticity of the masseter 
muscle differs significantly not only from that of different 
organs but also from that of different muscles. Arda et 
al20 compared elasticity values in different locations of 
the body and found a significant difference between 
them in healthy people. The lowest values were recorded 
in the spleen (2.9 ± 1.8 kPa) and the highest in the 
Achilles tendons (51.5 ± 25.1 kPa). Moreover, consid-
erable differences were noted between the same tissues, 
but with different locations and functions, e.g. elasticity 

for the masseter muscle was 10.4 ± 3.7 kPa, while for 
the supraspinatus muscle, it was three times higher and 
reached 31.2 ± 13 kPa.20 Herman et al reported a differ-
ence in elasticity across different organs; however, the 
difference between the sternocleidomastoid muscle (9.89 
± 4.1 kPa) and the masseter muscle (10.04 ± 4.3 kPa) 
was small.17

Overall, in studies on humans, four studies expressed 
elasticity values of the normal masseter muscle in 
kPa17,20,21,27 while three studies used velocity (m/s) 
to report elasticity.15,20,25 Additionally, one study on 
cadavers reported elasticity in kPa.25

For kPa, the values at rest in healthy people ranged 
from 5.25 kPa in the study by Takashima et al27 to 
42.82 ± 5.56 kPa in the study by Ariji et al.21 It is worth 
noting that the studies were conducted using different 
devices and coupling agents. The study by Arda et 
al20 and Herman et al17 showed similar results (10.4 ± 
3.7 and 10.0 ± 4.3 kPa). Both research teams used the 
Supersonic device. Only one study reported values of 
12.5–13 kPa for patients with TMD.27

For m/s, the values at rest in healthy people ranged 
from 1.27 m/s in the study by Takashima et al27 to 2.45 
m/s in the study by Ewertsen et al.18 Of these studies, 
two were conducted using ACUSON Siemens devices 

table 3 Characteristics of studies on shear wave elastography

Author Device Patients positioning Study population
Elasticity values of the masseter 

muscle

Arda, 201 120 Supersonic with a linear- array 
transducer with a frequency range 
of 6–13 MHz (Aix- en- Provence)

Patient in a supine 
position

127 healthy volunteers Total: 10.4 ± 3.7 kPa (range, 
2–23)

Males: 10.8 ± 3.9 kPa (4-20)
Females: 10.3 ± 3.6 kPa (2-23)

Ariji, 201623 Logic E9 with a 9 MHz linear array 
transducer; the coupling agent with 

Young’s modulus of 40 kPa was 
used (GE Healthcare)

Patient in a supine 
position

30 healthy volunteers At rest 42.82 ± 5.56 kPa
At jaw clenching 53.86 ± 8.26 

kPa

Badea, 201424 ACUSON S2000 with an 8–14 
MHz linear transducer; ARFI mode 

(Siemens)

Patients in a supine 
position with the head 

half  extended

25 healthy volunteers 
and 13 patients after 

radiotherapy

Central measurement – m/s
Healthy at rest; right 1.87 ± 

0.52 and left 1.6 ± 0.47
Healthy at contraction right 1.57 

± 0.54 and left 1.47 ± 0.53
Patients at rest; right 1.67 ± 

0.6 and left 1.6 ± 0.34
Patients at contraction right 1.41 

± 0.52 and left 1.68 ± 0.9

Ewertsen, 201818 Logic E9 system with a 9 MHz 
linear array transducer (GE 

Healthcare)

Patient in a sitting 
position

10 healthy volunteers 2.45 ± 0.25 m/s

Herman, 201717 Supersonic with a compact linear 
array transducer SL 15–4 (4–15 

MHz)
(Aix- en- Provence)

Patient in a supine 
position

176 healthy volunteers 10.0 ± 4.3 kPa, median 9.85 kPa;

Joy, 201525 Supersonic with a with a frequency 
range of 4–15 MHz
(Aix- en- Provence)

Cadavers in a supine 
position

Six cadavers 15.0 (95% CI: 6.3–35.5) kPa

Takashima, 201727 ACUSON S2001 with an 8–14 MHz 
linear transducer (Siemens)

Patient in a sitting 
position

26 females with TMD and 
24 healthy females

TMD Ia = 1.96 m/s (12.5 kPa)
TMD Ib = 2.00 m/s (13.0 kPa)

Healthy females = 1.27 m/s 
(5.25 kPa)

TMD, temporomandibular disorders.
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but with different models, and one study used Logic E9 
from GE Healthcare.

The values of elasticity of the masseter muscle are 
presented in Table 2.

Factors affecting elasticity values of the masseter muscle
The impact of age remains unclear. One study found no 
correlation between age and elasticity of the muscle,20 
while another study noted a small increase in elasticity 
with age.17 Regarding sex, three studies reported no 
differences in elasticity between males and females.20,25,26 
Only one study reported significantly lower values of 
the masseter stiffness index in males than in females.28 
Some studies investigated whether there are differences 
between both masseter muscles. In most cases, a signif-
icant correlation between the right and left masseter 
stiffness index in healthy volunteers was observed, 
indicating that elasticity of both normal muscles is 
similar.21,22,26,28–30 Differences between the sides of 
masseter muscles appeared for pathologies. In patients 
with TMD, the masseter muscle elasticity index was 
higher for the symptomatic side than for the contralat-
eral side.22,28 More detailed report by Takashima et al 
showed significantly increased stiffness in patients with 
TMD as well as a positive correlation of stiffness with 
pain and a negative correlation with maximum assisted 
mouth opening and painless mouth opening.27 The 
history of radiotherapy did not affect elasticity values. 
Exercise increased the masseter muscle elasticity index.29 
The effect of contraction or clenching is not clear 
because of conflicting results.21,24,26

Discussion

The present systematic review shows small evidence for 
the use of elastography to assess the masseter muscle. 
Reports available in the literature are heterogeneous 
because the studies were conducted using different 
devices, protocols, and health conditions of patients. 
Additionally, they report results of elastography with 
different units, which cannot be compared directly.

The main limitation of this review is the small 
number of studies included in the qualitative evaluation 
of elastography of the masseter muscle. Large heteroge-
neity across the studies precluded not only determining 
normative values but also comparing elasticity values in 
different pathologies. Because of the sparsity of data, 
also studies on cadavers and phantoms were included 
to show the background of the use of elastography as 
well as to capture all possible evidence in this scope. Joy 
et al25 used Thiel embalmed cadavers which are used for 
medical research as this method preserves greater flex-
ibility compared to formalin- embalmed cadavers. In 
the phantom study, a muscle phantom of known elas-
ticity was used and compared to sonographic results 
obtained from the measurement of healthy volunteers.26 
This study proved that on one hand, measurements are 

reliable and on the other, that can be used to measure 
tissue hardness in humans. Due to the heterogeneity 
of the studies, authors were unable to conduct a meta- 
analysis on the change in the masseter muscle elasticity 
between healthy people and patients with TMD.

Different measures of elasticity were used across 
studies. Masseter muscle elasticity index and elasticity 
index as well as masseter stiffness index (MSI) are 
defined in Table 2; they were used for strain sonoelas-
tography and real- time sonographic elastography. The 
results of shear wave elastography were presented in two 
units m/s and kPa. These two units represent a different 
approach to measurement; m/s shows the shear wave 
speed with which the waves propagate in a given tissue, 
while kPa is calculated from the velocity of the shear 
waves using Young’s elastic modulus. Because the retro-
spective calculation of kPa from m/s and vice versa31 is 
not feasible, authors recommend providing results using 
either kPa or both units.

The studies included in the present review analyzed 
several factors that were important for the assessment 
of masseter muscles in patients diagnosed with TMD. 
First, a correlation between the left and right sides 
of the masseter muscle was confirmed for healthy 
people. Second, the masseter muscle affected by TMD 
presented with increased values of elasticity. Further-
more, elasticity values correlated with the severity of 
TMD symptoms. Finally, a strong correlation between 
actual and measured hardness confirmed by phantom 
studies proves the high reliability of elastography. The 
noninvasive nature of this examination and real- time 
display of results increase its potential to be accepted by 
patients. All these features suggest that elastography has 
the potential of being a valuable tool for the assessment 
of muscle- related TMD and monitoring the results of 
the management.

The European Society of Radiology highlights the 
need for the development of new imaging biomarkers 
that have sufficiently high accuracy and reproduc-
ibility in detecting pathological processes.32 From the 
European Society of Radiology perspective, elastog-
raphy still requires to be standardized and validated by 
gathering evidence from large studies. Currently, two 
ongoing studies are in progress and have been regis-
tered at  ClinicalTrials. gov. Both studies aim to assess 
shear wave elastography. The first study will enroll 20 
participants,31 while the second will enroll 150 partici-
pants33 and is focused on determining elasticity values 
in patients with TMD and healthy subjects. In authors 
institution, attempts have been made to gain experi-
ence in using shear wave elastography to examine the 
masseter muscle. An example of a shear wave image 
of the masseter muscle of a healthy person is shown in 
Figure  2. New studies are showing a growing interest 
in this modality with the aim to improve oral health in 
patients with TMD.

Currently, there is no reliable method for the assess-
ment of the masseter muscle in patients with TMD. 

http://birpublications.org/dmfr
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However, several attempts have been made and inves-
tigated in clinical trials. The use of diffusion- weighted 
MRI showed that it could be useful to evaluate myalgia 
of the masticatory muscles.34 Electromyography is 
another method which can help to make a proper diag-
nosis, exclude other pathologies and measure the severity 
of pain.34 It is worth noting that TMD is a complex 
condition in which an interplay of several factors and 
overlap of other conditions can be observed. Complete 
assessment of the patient requires checking the condi-
tions of temporomandibular joint which can be done 
with ultrasound35 or magnetic resonance.36

conclusion

Elastography is a promising tool for the assessment of 
the masseter muscle elasticity for improved diagnosis of 

TMD and for monitoring the effects of management; 
however, the evidence is insufficient. Studies on larger 
groups are needed to properly determine the accuracy 
of shear wave elastography for the characterization of 
masticatory muscle disorders.

Funding

This study is a part of the research project titled “Shear 
Wave Sonoelastography in the Diagnosis and Manage-
ment of the Masseter Muscles Disorders” funded by the 
National Science Centre, Poland (Funding ID: PREL.
B160.18.007).

Figure 2 Image shows shear wave elastography of the masseter muscle of healthy volunteer (33- year- old male). Ultrasound linear probe was 
placed longitudinally to the long axis of the muscle and the presented image was obtained. Three ROIs of 3 mm in diameter each were placed in 
the central aspect of the muscle belly and provided three independent measurements. The mean elasticity of the masseter muscle calculated from 
3 measurements was 9.4 kPa.
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