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Abstract

Background. As ultrasonography provides objective parameters and values, it is a reliable method of ex-
amining the structure and dimensions of the masseter muscle. Although the method is well known, there
is no standardization in clinical examination and data analysis yet.

Objectives. The study aimed to measure masseter muscle thickness in designated areas to establish
the most repeatable and clinically applicable method of ultrasound examination, and to assess differences
in measurements in designated areas for clinical purposes by devising the size-independent parameter.
The size-independent parameter may potentially be more clinically applicable than distance records, which
are affected by the size of the subject.

Materials and methods. An ultrasound examination of 124 masseter muscles was performed. Axial
examination in 3 horizontal regions (lower, middle and upper) and coronal examination in 2 vertical regions
(proximal and distal) was carried out. Masseter muscle thickness was measured in every designated area
when relaxed (muscle at rest (RMT)) and with clenched teeth (contracted muscle (CMT)). A morphological
independent functional index of thickness difference (FITD) was calculated.

Results. The study revealed very high statistical differences between RMT and CMT (p < 0.0001) in all
designated areas but with location variations. Masseter muscle thickness significantly differed depending
on the examined area and transducer projection.

Conclusions. The ultrasound study showed that masseter muscle thickness significantly differs depending
on the examined area. The authors emphasize the necessity to examine the masseter muscle in specified
areas with both coronal and axial projections to achieve objective and repeatable examination. Notable
clinical value is assigned to FITD, which is independent from the morphological dimensions of the muscle.
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Background

Ultrasound examination is considered to be useful for
functional analysis of the masticatory organ'? and diagno-
sis of alterations in the muscles of mastication.? It provides
objective parameters and values; it is an effective, accurate,
low-cost, and reliable method of examining the structure
and dimensions of the masseter muscle.*> The most often
investigated parameter, because of its clinical value and
ease of measurement, is masseter muscle thickness. Sev-
eral ultrasound assessments of masseter muscle thickness
in healthy individuals have been published.>~® The mor-
phology of the muscle revealed a large variation in masseter
muscle thickness among adult individuals during both
relaxed and contracted conditions.> Moreover, significant
positive correlations between masseter muscle thickness
and some morphological features (i.e., anterior and pos-
terior total face height, vertical jaw length, mandibular
ramus height, mandibular length, mandibular inclination)
were observed. Also, significant negative correlations with
mandibular plane angle and gonial angle were observed.*!
It was also proved that masseter muscle thickness influ-
ences the growth of the jaws.!!

The relation between masseter muscle thickness and
clinical findings was proven in numerous studies. Some
ultrasound studies were concerned with masseter muscle
thickness in relation to dental procedures such as diag-
nostics and treatment of temporomandibular disorders
(TMD),'? oral submucous fibrosis,'>!* prosthetic treat-
ment,'>"1® and orthodontic treatment,'® as well as general
clinical findings (i.e., sarcopenia?® and osteoporosis?!).
It was also believed that muscle thickness is an indicator
of muscle function. Its significant correlation to bite force
and occlusal tooth contact has been reported.’

Although attempts were made to introduce ultrasonog-
raphy as a routine diagnostic procedure in TMD, the meth-
odological aspects of the examination are unclear and not
standardized.?? A clear explanation of the examination
method or description of the examined region was very
rare. Some studies present no relation to examined and
measured location, thus not taking under consideration
masseter morphological differences in thickness. Others do
not specify muscle activity or examine the masseter only
at rest or contraction. There is also lack of studies describ-
ing differences in clinical ultrasound records at coronal and
axial projections. Most current studies present examination
using only 1 projection, with no explanation of the advan-
tages of the chosen projection. No paper has presented re-
lationships between the measurements taken and body size.

Our previous review?? showed that there are no stan-
dards and population normal values. The need for stan-
dardization of methods and parameters has been previ-
ously reported.” It is believed that various factors can affect
the accuracy of measurements of the masseter muscle,
with even the use of different conduits a possible cause
of inconsistent results.?

t,19
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Objectives

In this paper, the authors attempted to present a method
of standardization of masseter ultrasound examination
for clinical needs, with specific regard to the dimensions
of the studied muscle and how the examination protocol
may affect clinical judgment. Thus, the aim of this ul-
trasound study was: 1) to establish the most repeatable
and clinically applicable method of ultrasound exami-
nation of the masseter muscle; and 2) to assess differ-
ences in measurements in designated areas for clinical
purposes by devising the size-independent parameter
that potentially may be more clinically applicable than
distance records.

Materials and methods

The study protocol was approved by the local university
Bioethics Committee of Poznan University of Medical Sci-
ences. It involved investigation of 80 consecutive asymp-
tomatic participants who volunteered for the study by re-
sponding to an invitation (random volunteerns recruited
verbally). The participants gave their written informed
consent prior to participation in the study. The inclusion
criteria were as follows: age 20—30 years, full dentition
(except third molars) and no previous TMD treatment.
Exclusion criteria were: no referred symptoms of TMDs
in the patient’s history (e.g., pain from the temporoman-
dibular joint (TM]J) region, movement restriction, muscle
weakness, or joint sounds (clicks) (DC/TMD II and III
group), radiological and clinical signs of TMJ disc dis-
location without reduction or degenerative joint disor-
ders, tooth wear (according to tooth wear index (TWI)),
prosthetic reconstructions, or the presence of a systemic
disease (e.g., rheumatic or degenerative disease, systemic
connective tissue disorders, myasthenia gravis).

All participants were examined with the Diagnostic Cri-
teria for Temporomandibular Disorders (DC/TMD) form.?*
According to this protocol, 62 consecutive patients quali-
fied for the study (30 men and 32 women). The average age
of the patients was 25.4 years. Each individual underwent
bilateral ultrasound examination of the masseter muscles.
The muscles were examined with the Aloka-Hitachi F37
USG device with 12 MHz linear probe (Aloka-Hitachi,
Tokyo, Japan). To achieve the most repeatable examination
protocol, the muscle was virtually divided into 3 horizon-
tal regions (lower, middle and upper) and 2 vertical regions
(proximal and distal). The axial and coronal ultrasound
examinations were carried out in the horizontal and ver-
tical regions, respectively. The thickness of the masse-
ter muscle was measured in every designated area when
relaxed (muscle at rest (RMT)), with individuals resting
comfortably and associated muscles in a state of minimal
contractual activity, and with clenched teeth (contracted
muscle (CMT)) in maximal intercuspal position (Fig. 1-3).
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Fig. 1. Schematic diagram of the division into horizontal examination areas (upper, middle
and lower), with the example of examination

Fig. 2. Schematic diagram of the division to vertical examination areas
(upper, middle and lower), with the example of examination

Two examiners were responsible for the recruitment and
dental and ultrasound examination of the patients. Each
patient was examined independently by both examiners.
The measurements were taken 3 times and the mean re-
sults were used for the analysis.
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Fig. 3. Ultrasound image at relaxed muscle (RMT) (A) and clenched position (CMT) (B)
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Fig. 4. Statistical imaging of ultrasound measurements at upper, middle and lower areas
of masseter at RMT and CMT records, with the p-level on the right side
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Fig. 5. Statistical imaging of ultrasound measurements at upper, middle and lower areas
of masseter at RMT and CMT records, with the p-level on the left side

The authors’ original method of calculations
included the functional index of thickness dif-
ference (FITD). The index was devised to show
the change in masseter muscle thickness be-
tween contraction and relaxation with no rela-
tion to muscle size. It was calculated as the quo-
tient of the difference in values between CMT
and RMT.

Data were analyzed using STATISTICA PLv. 12.0
(StatSoft Poland, Krakéw, Poland). The analyzed
variables expressed in the quantitative scale were
presented using the number (N), mean, median,
minimum and maximum value, lower and upper
quartile, and standard deviation (SD). The Sha-
piro—Wilk test was used to test the distribution
of analyzed variables. Because the analyzed
variables significantly differed from the normal
distribution, non-parametric tests were applied.
The Friedman’s test with a post hoc test (Dunn’s
test) was used to analyze the differences of in-
vestigated variables in relation to the muscle
thickness examination region (upper, middle or
lower), and the Wilcoxon’s test was used to test
for differences between investigated variables
in relation to the masseter muscle thickness ex-
amination region (distal or proximal). The analy-
sis was performed for the right and the left side.
The assumed significance level was p < 0.05.

Results

The data obtained from every examined area
were compared to other areas in the coronal
and axial projections. The Friedman’s test (axial
projection) and Wilcoxon’s test (coronal pro-
jection) showed statistically significant differ-
ences between most of the analyzed areas. No
statistically significant differences were found
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Table 1. The masseter muscle thickness [mm] measured in different regions of the muscle (n = 62)

Examination position/ Mean Median Min Mean Median Min
region/side right side left side
RMT upper third 091 091 0.56 136 0.18 095 094 0.62 134 0.16
RMT middle third 0.89 0.89 057 1.22 0.15 0.96 0.95 057 1.52 0.17
RMT lower third 0.70 067 044 1.18 0.19 0.78 0.75 042 1.75 0.22
RMT proximal 1.00 1.01 062 130 0.16 1.03 1.03 0.70 135 0.16
RMT distal 0.96 0.95 0.57 1.31 0.18 0.97 0.95 0.57 1.28 0.17
CMT upper third 1.26 1.25 0.78 1.68 0.20 1.28 1.29 0.90 1.64 0.16
CMT middle third 134 133 094 1.99 022 134 133 093 173 0.17
CMT lower third 1.18 1.15 0.68 1.83 0.26 1.19 1.18 0.76 1.83 0.23
CMT proximal 142 143 097 1.89 0.21 143 144 1.09 1.79 0.18
CMT distal 132 1.37 082 1.70 022 1.34 1.35 097 1.78 0.21

RMT — rested muscle thickness; CMT — contracted muscle thickness; SD — standard deviation.
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differences between the right and the left side or between
women and men.

The results are in agreement with 2 previous ultrasound
studies,®2> where no dimensional differences in the mas-
seter muscle between women and men were observed.
However, other studies showed significantly greater mas-
seter muscle thickness in men than in women in both re-
laxed and contracted states.!>2¢ In another study,” authors
observed that masseter muscle thickness in women during
both relaxed and contracted conditions was significantly
lesser than in men. They also concluded that masseter
muscle thickness during contraction in women was sig-
nificantly related to body weight and body constitution.

The dimensions of the masseter muscle obtained
in the present study are similar to those previously re-
ported. Recorded mean contracted masseter muscle
thickness was 15.1 +1.9 mm in men and 13.0 £1.8 mm
in women.® Another study?* reported masseter muscle
thickness as 13.3 1.4 mm in men and 10.9 +1.3 mm
in women (when relaxed), and 15.5 1.8 mm in men and
13.0 +1.2 mm in women (when contracted). A different
study® examined only women and measured masseter mus-
cle thicknesses from 8.83 mm to 11.08 mm with the muscle
relaxed, and from 9.84 mm to 12.57 mm during contrac-
tion. An investigation of the thickness during contraction
in 252 individuals® revealed an average of 12.3 +2.7 mm.

In the present study, the maximum value of the mas-
seter muscle thickness was recorded in the middle third
of the contracted muscle. When both contracted and re-
laxed, the muscle was thickest in the middle region and
thinnest in the lower region. When divided vertically,
the proximal region was found to be thicker than the dis-
tal one in both contracted and relaxed muscles. More-
over, the greatest difference between RMT and CMT was
found in the lower region of the muscle. These findings are
in agreement with another study?® where the thickest part
of the masseter was recorded in the area between the in-
ferior border of the mandible and the virtual line drawn
from the angle of the mouth to the ear lobe.

These results encourage consideration of the anatomical
and functional organization of the masseter muscle. Two
parts of the muscle (superficial and deep) are commonly
distinguished, but 3 well-differentiated parts (superficial,
intermediate and deep) have been also reported.?® A dif-
ferent study?® showed no evidence for further subdivision
of the superficial part into anterior, middle and posterior
regions, contrary to an earlier report?® where the authors
proved that the anterior fibers were considerably longer
(35%) than the posterior fibers. Apparently, a difference
in fiber length may be evidence for muscle organization
into anterior and posterior parts. This finding was a highly
significant result in this study.

Surprisingly, the use of FITD allowed for different re-
sults. The analysis of all parameters with the difference
between RMT and CMT revealed high statistical signifi-
cance. The FITD seems to be clinically more objective

K. Gawriotek et al. Masseter muscle ultrasound

than regular measurements of muscle dimensions that
can present wide differences relative to the size of the sub-
ject. The FITD is thought to be independent from muscle
thickness and describes functional increases in muscle
dimensions. It correlates strongly with the location
of the ultrasound measurement. The clinician must be
aware of the fact that a single measurement, particularly
in relaxed muscle position, may not reveal hypothetical
pathology of muscle thickness as strongly as an increase
in the difference between RMT and CMT.

The authors proved that the region of examination
and the position of the probe influenced the final result
of the measurement. The statistically significant differ-
ences were observed between series of measurements
in different areas. Our results did not allow the best posi-
tion for examination to be indicated.

Recently, other ultrasound techniques, such as elastog-
raphy, have been introduced.®* This method potentially
allows assessment of not only morphological or functional
changes in dimensions but also function of the muscle
fibers. However, this method is still under investigation for
improved diagnosis of TMD and for monitoring the effects
of management.

The ultrasound examination is cost-effective, repeatable
(unlike electromyography (EMG)), free from contraindi-
cations (unlike magnetic resonance imaging (MRI)), and
more objective than clinical examination because it does
not reflect the patient’s self-reported data. The presented
protocol emphasizes clinical use, makes it reliable for
functional diagnostics, and enables objective examination
of muscle strength and muscle bilateral symmetry. We are
convinced that the authors’ original method of examina-
tion standardizes the clinical protocol, and allows objective
comparison of the population. The presented FITD cal-
culation allows size-independent data to be recorded and
can be easily introduced into clinical examination. Further
studies describing the relationship of FITD to clinical dis-
orders seem to be needed in the future.

Limitations

This method could include age- and weight-related sta-
tistics as well as occlusion related morphological relations
in masseter US findings.

Conclusions

The ultrasound study showed that masseter muscle
thickness significantly differs depending on the exam-
ined area. The authors emphasize the necessity to examine
the masseter muscle in specified areas with both coronal
and axial projections to achieve objective and repeatable
examination. Notable clinical value is assigned to FITD,
which is independent from morphological dimensions
of the muscle.
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