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Electromyographic and ultrasonographic 

characterization of masticatory function in individuals 

with normal occlusion

Caracterização eletromiográfica e ultrassonográfica da 

função mastigatória em indivíduos com oclusão normal 

ABSTRACT

Purpose: To characterize the motor control of the masseter and temporal muscles and the morphology of the 

masseter muscles during mastication in individuals with normal occlusion and to verify the consistency betwe-

en surface electromyography (sEMG) and ultrasound (USD). Methods: Participants were 22 adults, of both 

genders, with no alterations of the oral myofuntional system. The procedures performed included sEMG of the 

masseter (MM) and temporal (TM) muscles and USD of the MM, each during three tasks: resting condition and 

maximum voluntary dental clench with and without cotton rolls. Results: The following statistical tests were 

used: Kolmogorov-Smirnov, paired t-test and Spearman correlation (significance level of 5%). The sEMG data 

indicated a significant difference between the MM and TM during the maximum voluntary clench with and 

without cotton rolls, and the TM was more active than the TM in both clenching tasks. No significant difference 

was observed between the sides of the face when assessed with sEMG or USD. A significant positive correlation 

between the exams was observed for the left maximum voluntary dental clench with and without cotton rolls, and 

a trend toward significance was found for the right maximum dental clench without cotton rolls. Conclusion: The 

comparison of sEMG to USD for the investigation of muscle function reveals important information about the 

physiology of skeletal muscles. The results of the present study suggest a correlation between sEMG and USD, 

i.e., between increased electrical activity and the corresponding increase in muscle thickness. 

RESUMO

Objetivo: Caracterizar o controle motor dos músculos masseter e temporal e a morfologia do músculo mas-

seter em atividades da função mastigatória em indivíduos com oclusão normal; verificar a compatibilidade 

entre os exames de eletromiografia de superfície (EMGs) e ultrassonografia (USG). Métodos: Participaram 

22 indivíduos adultos, de ambos os gêneros, sem alterações no sistema miofuncional orofacial. Os procedi-

mentos adotados para avaliação dos participantes foram: EMGs dos músculos masseteres (MM) e temporais 

(MT); e USG dos MM, na realização de três tarefas – repouso muscular, apertamento dentário com algodão, 

apertamento dentário sem algodão. Resultados: Para análise estatística dos dados foram utilizados os testes de 

Kolmogorv-Smirnov, teste-T pareado e Correlação de Spearman, com nível de significância de 5%. Na EMGs 

observou-se diferença entre a ativação de MM e MT no apertamento dentário com e sem algodão, sendo MT 

mais ativo que MM em ambas as tarefas. Não foram observadas diferenças entre as hemifaces, tanto na EMGs 

quanto na USG. Observou-se também correlação positiva entre os exames na condição de apertamento dentário 

sem algodão esquerdo e na condição de apertamento dentário esquerdo com algodão, e tendência à significância 

no apertamento dentário direito sem algodão. Conclusão: A associação da EMGs e USG na investigação da 

funcionalidade muscular traz importantes informações sobre fisiologia da musculatura esquelética. Os resul-

tados do presente estudo indicam haver correlação entre a EMGs e a USG, ou seja, o aumento da atividade 

elétrica e o aumento correspondente da espessura do músculo.
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INTRODUCTION

Various methods to evaluate the masticatory function using 
clinical instruments and complementary exams have been 
described in the literature. Among the complementary exams 
are surface electromyography (sEMG), computed tomogra-
phy, magnetic resonance imaging, masticatory efficiency test 
(with food, chewing gum or beads) and ultrasound (USD). 
All of these methods present advantages and disadvantages 
that may occasionally necessitate the performance of more 
than one method for proper diagnosis(1-4). The sEMG and 
USD have increasingly been foci of research on changes in 
mastication(4-6).

The sEMG provides data to physiologists and clinicians 
about the anatomy and physiology of the skeletal muscle during 
voluntary contractions. Although there are questions about the 
selectivity, reliability and interpretation of the electromyogra-
phic signal, efforts have been made to standardize this method(7). 
Some authors have described sEMG as a valuable method for 
the characterization and diagnosis of patients with occlusal 
and orofacial motricity changes(1,4-6). The sEMG provides in-
formation on the muscle, or, in the case of mastication, on the 
muscle groups, regarding the contraction time and amplitude 
of their electrical activity(8,9). Some studies relating sEMG to 
mastication suggest that this test is an effective tool to quantify 
muscle activity during mastication and thus to identify their 
functional changes(4,10,11).

Numerous studies have determined the reproducibility of 
sEMG findings in healthy subjects to determine the normal 
reference parameters for evaluating changes in the orofa-
cial myofunctional system(10). In regard to the masticatory 
muscles, the results have been contradictory. Some authors 
suggest greater electrical activity of the temporal muscle at 
rest and increased electrical activity of the masseter muscle 
on the side of masticatory preference(10). Others indicate 
that the masseter muscle contributes significantly to the 
generation of force during isometric contraction in dental 
clenching, whereas the temporal muscle is a postural muscle 
that controls the jaw movements(11,12). There are also studies 
that indicate that the temporal muscle is more active than the 
masseter not only during dental clenching, but also during  
mastication(13).

Due to the presence of bone deformities and occlusal 
problems, a qualitative difference in the functioning of the 
masticatory muscles is expected In individuals with skeletal 
malocclusion compared with individuals without malocclu-
sion(14). The presence of posterior crossbites indicates a higher 
likelihood of masticatory changes(14). Studies involving patients 
with different types of dentofacial deformities indicate a low 
performance of the masticatory muscles, reduced maximal 
force of contraction, reduced maximal potential recorded during 
the sEMG and reduced electrical potentials recorded during 
mastication, compared to control groups(14,15).

Some authors have determined the sections and volumes of 
the masticatory muscles by computed tomography and mag-
netic resonance imaging(1,2). The optical sections from these 
imaging techniques have shown a correlation with the maximal 

muscle strength (maximal isometric contraction) and with other 
parameters related to functionality and age(3,6).

Ultrasound (USD) has been used to assess the thickness 
of the mandibular elevator muscles, especially of the masseter 
muscle, and these data have been correlated with variations of 
facial morphology in normal subjects(5,16) to define measures of 
normality for future diagnostic comparisons(5). USD is a proven 
imaging method that provides information on muscle structural 
changes(6). Recent studies have used USD to measure muscle 
sections and to correlate these data with pathologies such as 
temporomandibular disorder (TMD), pain on palpation, facial 
morphology, bite force and occlusal factors(5,17).

USD has considerable advantages over other imaging moda-
lities, such as computed tomography and magnetic resonance, 
which make it a more suitable method for large-scale studies(18). 
Compared with computed tomography, USD has no known 
cumulative biological effects. It is a simple and inexpensive 
method to measure muscle thickness, as long as the radiologist 
follows a specific protocol(19). However, the significance of USD 
as a reproducible technique for the evaluation of the masseter 
muscle remains uncertain, and the reliability indices found in 
the literature are quite variable(5,6,16).

The present study aimed to characterize the motor control of 
the masseter and temporal muscles and the morphology of the 
masseter muscles during mastication in individuals with nor-
mal occlusion. The study also aimed to verify the congruence 
between the sEMG and USD exams. 

METHODS

Participants

The study included 22 volunteers aged between 20 and 29 
years (mean age of 23 years and 7 months), including 10 males 
and 12 females, with no changes in the orofacial myofunctional 
system or the scapular region, with no signs of temporomandi-
bular changes, with complete permanent dentition (the absence/
extraction of the third molars was allowed), a Class I facial 
pattern, an Angle Class I molar relationship(20), an absence of 
severe malocclusion and no prior use of orthodontic appliances 
or speech therapy.

The absence of changes in the orofacial myofunctional 
system was determined by the application of the standard 
clinical protocol of orofacial myofunctional evaluation with 
scores (OMES)(21). The OMES protocol aims to evaluate the 
components of the stomatognathic system in terms of appea-
rance/posture, mobility and performance during deglutition and 
mastication and comprises 32 tasks for a total possible score 
of 100 points. Data collection was performed through visual 
inspection during the evaluation and by analysis of the photos 
and video footage recorded on a digital camera.

In the present study, the clinical evaluation was applied 
by two experienced independent examiners. The record of the 
responses was made in the corresponding evaluation script 
with high inter-evaluator agreement (>0.87). Characterization 
of the selected group was performed according to the OMES 
protocol (Table 1). 
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Material

The sEMG was performed with a 4-channel Miotool 400 
electromyography device calibrated at 500 microvolts (µV) with 
a bandpass filter (20-500 Hz) and 100x gain, with low noise 
level (<5 µV RMS), which is recommended by the International 
Society of Electrophysiological Kinesiology (ISEK).

The 2.0 Miograph software (Miotec® Biomedical 
Equipment) was used to capture and process the sEMG exam. 
This software performs on-line acquisition, storage and process-
ing of signals and runs under the Windows XP operating system. 
The electrical activity signals of the muscle movements were 
captured with disposable, bipolar surface Ag/AgCl electrodes, 
model SDS500, double, fixed with Transpore tape (3M).

The USD was performed with the Philips L12-5/MSK 
Gen device.

Procedures

This study was approved by the Committee for Analysis of 
Research Projects of the Clinical Hospital and of the School 
of Medicine of the Universidade de São Paulo (CAPPesq 
HCFMUSP 068 6/09). The participants were subjected to the 
procedures of the study only after signing the Informed Consent 
Form. The methodology and procedures used to assess the 
participants in this study included the following.

Surface electromyography 
All sEMG exams were performed by the institution’s 

Speech Therapy Service and by the same experienced speech 
therapist, under the same environmental conditions. Prior to 

data collection, the equipment was calibrated according to 
ISEK(22) standards. Electrodes were placed at the midpoint of the 
abdominal muscle, in the longitudinal direction of the muscle 
bundle, at the mesodistal position, as suggested by Soderberg 
and Cook(23), where the greatest signal amplitude is achieved for 
this type of electrode. To ensure the correct positioning of the 
electrodes, the masseter and temporal muscles were identified 
by palpation at rest, and the maximal intercuspal position was 
found at maximal contraction. Next, the muscle function was 
tested for possible positioning errors, and the electrodes were 
repositioned when necessary.

The simultaneous electrical activities of the temporal and 
masseter muscles in both hemifaces were evaluated during 
the following tasks(14,15): resting; at maximal voluntary dental 
clenching with cotton rolls between the teeth (Al); and at ma-
ximal voluntary dental clenching with maximal intercuspal 
position (MIC).

For electromyographic data collection, all participants were 
comfortably seated in a chair, with back support, feet planted on 
the floor, hands resting on the lower limbs, head properly posi-
tioned (Frankfurt Plane, parallel to the ground), eyes open and 
looking at a predetermined fixed point. All subjects were guided 
through the test. The facial skin was prepared using gauze soaked 
in 70% alcohol to remove oils and dead cells at the test site, and 
local trichotomy was performed, to ensure good impedance 
during the exam. The resulting signals were analyzed by root 
mean square (RMS) and expressed in microvolts (V). The ground 
cable was connected to the electrode and set on the right wrist. 

First, the electrical activity of the masseter and temporal 
muscles were assessed at rest for 30 seconds. Three collections 
were performed to obtain the mean electrical activity.

Table 1. Characterization of participants according to the OMES protocol

Components evaluated  
Score 

(Group mean/maximum score)

Appearance and postural 

condition 

Postural condition of the lips 3/3

Vertical posture of the mandible 3/3

Cheeks appearance 3/3

Facial appearance 2.0/3

Tongue position 3/3

Hard palate appearance 3/3

Mobility

Lip movements 10.9/12

Tongue movements 15.6/18

Jaw movements 13.7/15

Cheeks movements 10.7/12

Functions

Respiration 3/3

Lips behavior during deglutition 2.8/3

Tongue behavior during deglutition 3/3

Other behaviors and signs of change during deglutition 2.0/3

Deglutition efficiency 6/6

Mastication 3.8/4

Other behaviors and signs of changes in mastication 2.7/3

Total 92.0/100



214 Mangilli LD, Sassi FC, Sernik RA, Tanaka C, Andrade CRF

J Soc Bras Fonoaudiol. 2012;24(3):211-7

Subsequently, the participants were asked to remain at 
rest for 15 seconds, without recording. After this command, 
a 10 mm cotton roll was placed bilaterally between the first 
and second molars, and the participants were asked to apply 
the maximum bite force possible on the cotton roll for five 
seconds, three consecutive times, with a five second interval 
between trials. The same procedure was performed to obtain 
the electrical activity of the masseter and temporal muscles 
at maximal intercuspal position (maximal voluntary dental 
clenching without cotton).

Ultrasound
All ultrasounds were performed by the institution’s 

Radiology Service and by the same experienced radiologist. 
The evaluation of the thickness of the masseter muscle was 
performed using the methodology proposed by Satiroglu et 
al.(17). During image acquisition, the transducer was positioned 
perpendicular to the skin surface, avoiding excessive pressure. 
Measurements were obtained from the bulkier portion of the 
masseter muscle, near the occlusal plane, approximately at the 
center of the mediolateral region of the branch distance.

The imaging and measurements were performed bilaterally, 
with the subjects in a supine position under three different 
conditions, as described above for the collection of sEMG: at 
rest (normal position); at maximal intercuspal position with 
10 mm cotton rolls between the dental arches in the region of 
first and second molars (Al); and at the maximal intercuspal 
position without the cotton rolls (MIC).

The measurements were performed in real-time during 
imaging and were recorded in centimeters (cm). The imaging 
and measurements were performed three times with an interval 
of five seconds between each measurement (Figures 1 and 2).

Analysis of surface electromyography
Temporal domain analysis was performed for the sEMG 

results. In this case, the information obtained describes the 
moment that the event occurred and the amplitude (i.e., an 
indicator of the magnitude of muscle activity) of the event. 
Under the resting condition, the obtained values represent the 
mean (RMS) of the electromyographic activity observed over 
30 seconds. The duration of the muscle activity during voluntary 

dental clenching tasks (Al and MIC) was obtained by selec-
tion of the representative period of muscle activation (i.e., on, 
peak and off). This period was selected with the cursor of the 
electromyography software and converted into µV (Figure 3). 

Reliability
Based on the relevant literature, which suggests subjectivity 

in the sEMG measurement, a reliability analysis was performed 
to determine the index of agreement between the examiners 
and thus to ensure greater reliability of the measurements. 
Therefore, 20 electromyographic samples were randomly 
selected from a total of 198. These samples were analyzed 
independently by two researchers with experience in the field. 
The correlation coefficient was found to be high for all com-
parisons (95%CI=0.9677-0.9956), indicating high consistency 
between examiners. 

Figure 1. Ultrasound image during rest

Figure 2. Ultrasound image of the MIC

Note: A = electrical activity of the left temporal muscle; B = electrical activity 
of the right temporal muscle; C = electrical activity of the left masseter muscle;  
D = electrical activity of the right masseter muscle; MIC = voluntary dental clench-
ing without cotton

Figure 3. Electromyographic data representative of the MIC
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Data analysis
The Kolmogorov-Smirnov test was initially used to test the 

normality of the distribution. The parametric tests were selected 
based on the adopted significance level (p<0.05). Paired t-tests 
were used for multiple comparisons between and within testing 
conditions, whereas Spearman’s correlation was used to assess 
the correlation between tests. The level of significance adopted 
for both tests was p<0.05.

RESULTS 

A descriptive analysis including mean, standard deviation 
and confidence intervals was obtained from the ultrasound and 
surface electromyography data (Table 2). 

The statistical analysis of the differences between the 
activation of the masseter and temporal muscles during sur-
face electromyography revealed a difference in the maximal 
voluntary dental clenching without (MIC) and with (Al) cotton 
roll (Table 3). It was observed that the temporal muscle was 

more active in both clenching conditions, as shown by the 
means in Table 2.

Statistical analysis was also performed to test for asymme-
tries in muscle function between hemifaces as measured by 
ultrasound and surface electromyography. The data suggest no 
differences between the hemifaces for any testing condition in 
any exam performed (Table 4). 

For the correlation between exams (Table 5), only the data 
from the masseter muscle were used because the ultrasound 
exam assessed only this muscle. A significant positive correla-
tion between the exams was observed for the left maximal vo-
luntary dental clenching without (p=0.016) and with (p=0.005) 
cotton rolls. There was also a trend toward significance for 
the right maximal voluntary dental clenching without cotton 
(p=0.059). The data showed high standard deviation values, and 
a possible increase in the sample size could result in a greater 
number of significant correlations (Table 1). 

Table 2. Descriptive analysis of the data

Muscle Side Mean SD CI

At rest

USD Masseter
Right 0.93 0.19 0.74 1.12

Left 0.93 0.19 0.73 1.12

sEMG

Masseter
Right 4.09 0.90 3.19 4.99

Left 4.87 2.85 2.02 7.72

Temporal
Right 5.75 4.32 1.43 10.07

Left 4.95 1.99 2.95 6.94

MIC

USD Masseter
Right 1.19 0.20 0.99 1.39

Left 1.22 0.17 1.05 1.39

sEMG

Masseter
Right 47.99 22.06 25.93 70.05

Left 54.83 28.99 25.84 83.83

Temporal
Right 89.93 39.38 50.55 129.31

Left 102.17 56.13 46.03 158.30

Al

USD Masseter
Right 1.26 0.17 1.09 1.43

Left 1.24 0.18 1.07 1.42

EMGs

Masseter
Right 52.29 26.96 25.33 79.24

Left 52.06 21.00 31.05 73.06

Temporal
Right 83.82 44.67 39.15 128.49

Left 89.40 63.69 25.72 153.09
Note: USS = ultrasound (measured in cm); sEMG = surface electromyography (measured in µV); MIC = voluntary dental clenching without cotton; Al = voluntary dental 
clenching with cotton; CI = confidence interval; SD = standard deviation

Table 3. Comparison between the masseter and temporal muscles in 
the surface electromyography

Temporal vs. 

Masseter
T df p-value

At rest
Left 0.179 21 0.86

Right 1.949 21 0.065

MIC
Left 4.294 21 <0.001*

Right 6.817 21 <0.001*

Al
Left 3.579 21 0.002*

Right 4.138 21 <0.001*

* Significant values (p<0.05) - Paired t-test
Note: MIC = voluntary dental clenching without cotton; AI = voluntary dental 
clenching with cotton

Table 4. Comparative analysis between hemifaces

t df p-value

USD

At rest Masseter -0.223 21 0.826

MIC Masseter 1.335 21 0.196

Al Masseter -0.67 21 0.510

sEMG

At rest
Masseter -1.183 21 0.250

Temporal 1.387 21 0.180

MIC
Masseter 1.775 21 0.090

Temporal 1.349 21 0.192

Al
Masseter 0.835 21 0.413

Temporal -0.053 21 0.958

Paired t-test (p<0.05)
Note: MIC = voluntary dental clenching without cotton; AI = voluntary dental 
clenching with cotton
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Thus, the results obtained in normal, young adults of both 
genders, for sEMG of the mastication muscles were (in µV):
-  At rest: right masseter - 3.19-4.99; left masseter - 2.02-7.72; 

right temporal - 1.43-10.07; left temporal - 2.95-6.94;
-  Maximal voluntary dental clenching without cotton: right 

masseter - 25.93-70.05; left masseter - 25.84-83.83; right 
temporal - 50.55-129.31; left temporal - 46.03-158.30;

-  Maximal voluntary dental clenching with cotton: right 
masseter - 25.33-79.24; left masseter - 31.05-73.06; right 
temporal - 39.15-128.49; left temporal - 25.72-153.09.

For the USD of the masseter muscle, the results ranged as 
follows (in cm):

-  At rest: right masseter – 0.74-1.12; left masseter – 0.73-1.12;
-  Maximal voluntary dental clenching without cotton: right 

masseter – 0.99-1.39; left masseter – 1.05-1.39;
-  Maximal voluntary dental clenching with cotton: right 

masseter – 1.09-1.43; left masseter – 1.07-1.42.

DISCUSSION

The present study involves sEMG and USD data collected 
in a group of healthy subjects who were selected based on 
rigid orofacial motricity characterization criteria. In a previous 
pilot study of the relationship between the electrical activation 
(sEMG) and the thickness (USD) of the masticatory muscles(24), 
no correlation was observed between the sEMG and the USD, 
suggesting that the exams are complementary and not mutually 
exclusive. In the present study, increasing the sample size has 
allowed the observation of some positive correlations between 
the exams in the voluntary dental clenching activities, i.e., 
increased electrical activity with a corresponding increase in 
muscle thickness.

The physiology of the masticatory muscles suggests that 
the temporal, medial pterygoid and masseter muscles are 
activated during mandibular elevation(25). A previous study(26) 
using sEMG found that among the masticatory muscles, only 
the masseter has a regular activity pattern, producing maximum 
contraction when the mouth is fully open during the masticatory 
cycle and then ceasing its activity when the mouth is almost 
closed. Another study(27) suggests that during sEMG, an elec-
tromyographic coordination exists between the masseter and 
the anterior temporal muscles bilaterally. Thus, there is a similar 
relationship between the mastication on the right and left side in 
terms of mastication forces and co-operation between muscles, 

with higher muscle activity, especially that of the masseter, on 
the working side than on the balancing side.

The results of this study indicate that the temporal muscle 
was more active than the masseter in the voluntary dental 
clenching tasks, with and without cotton. According to 
Throckmorton and Dean(28), the determining factors for mus-
cle strength are the size and length of the muscle fibers. For 
those authors, small/smaller muscles tend to be more active 
than large/bigger muscles because larger muscles are able to 
generate higher tension. 

These results do not support the findings in the literature 
that during voluntary dental clenching with little force, the 
myoelectric activity of the temporal muscle does not exceed the 
activation of the masseter muscle. As the force increases, there 
is a corresponding increase in the activation of the masseter 
muscle. The temporal muscle activity tends to be higher when 
there is no posterior dental contact, and this muscle must control 
the mandibular excursions, thus maintaining dental occlusion. 
The participants in the present study were selected based on 
standard criteria for phonaudiological normality, without testing 
for dental occlusal contact. It is suggested that the authors of 
future studies should consider, in the inclusion criteria, specific 
odontological evaluation of occlusal contacts with load cells to 
measure the distribution of bite force across the teeth.

The USD results suggest increased thickness of the mas-
seter muscle during voluntary dental clenching activities. In 
agreement with the literature, there was an increase of appro-
ximately 30% in the thickness of the clenched masseter muscle 
compared to the masseter at rest. Prior work indicates that the 
masseter muscle at rest, measured in its medial portion, should 
be approximately 10 mm and should increase by 10 to 50% in 
thickness during maximal voluntary dental clenching(29).

One of the important contributions of this study was the 
repeated measure of the thickness of the masseter muscle that 
ensured a lower variation in the error and higher reliability of 
the measure of the actual variation in the muscle thickness. 
To control the measurement error variable, the position of 
the transducer was standardized(1-3,29). The variables related to 
body posture, interocclusal relationship and rest time between 
voluntary dental clenching tasks were also controlled. 

CONCLUSION

The results of the present study suggest a correlation 

Table 5. Correlation values between the USD and sEMG exams

At rest L At rest R MIC L MIC R AI L Al R

At rest L 0.137 (0.543)      

At rest R 0.105 (0.642)

MIC L 0.508 (0.016*)

MIC R 0.409 (0.059)

AI L 0.577 (0.005*)

Al R      0.253 (0.255)

* Significant values (p<0.05) – Spearman Correlation Coefficient
Note: MIC = voluntary dental clenching without cotton; AI = voluntary dental clenching with cotton; L = left; R = right
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between sEMG and USD, i.e., that there is an increase in elec-
trical activity and a corresponding increase in muscle thickness. 
The variation of the electrical activity and the thickness of the 
masseter muscle can be considered normal reference values   
for comparison with findings in future studies.

The combination of sEMG and USD in the investigation of 
muscle functionality provides important information on skeletal 
muscle physiology. It should be considered that during muscle 
activity there is variation in muscle physiology, with possible 
signs of fatigue. There are still no objective measures to assess 
the time required for muscle exhaustion or the numbers of 
repetitions that trigger fatigue.
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