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Abstract

Aim: The aim of this study was to investigate mean electrical activity and how the anterior, middle,
and posterior portions of the temporalis muscle work during mastication. Methods: The sample
consisted of 16 healthy male college freshmen trichotomized, aged between 18 and 25 years, with
Angle’s Class I and no temporomandibular disorders. Electromyographic (EMG) recordings were
made in anterior, middle and posterior portions of the temporalis muscle during mastication for 5 s.
Results: It was found a significantly lower RMS value in the posterior portion (RMS: 1243.92)
compared with those of the anterior (RMS: 2149.77) and middle (RMS: 2531.38) portions.
Conclusions: There is an association between the portions of the temporalis muscle. It was found
a significantly lower RMS value in the posterior portion showing that the anterior and middle
portions of the muscle have a predominant function of maintaining movement during mastication.
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Introduction

The temporalis muscle is capable of performing different functions in the
stomatognathic system and can have an agonist, antagonist and synergistic action
depending on the activity involved 1. This muscle has a complex pennate
architecture2-4 that allows wide movements and great range of ajustment5 for
maintaining the stability of the mandible. It is divided into anterior, middle and
posterior portions, which protrudes, elevates and retracts the mandible, respectively2.

The wide movements of the mandible produced during mastication allow
studying the integrated actions of the different portions of the temporalis muscle.
However, little is known on how the anterior, middle and posterior portions work
together to produce movement3-4.

Most electromyography (EMG) studies have focused on maximum voluntary
contraction (CVM), showing greater activity of the posterior portion of the temporalis
muscle6. Mastication studies have reported inconsistent results showing similar
actions of the portions4 activity only of the anterior and posterior portions7 and
significant activity of the anterior and middle portions only3.
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Standard Sigma
Portion Mean deviation        interval estimate

CV Upper Lower Median MAD

Anterior 2149.8 a 882.4 41.1 2683.0 1616.5 1918.0 469.0 695.3

Middle 2531.4 a 1408.3 55.6 3382.4 1680.4 1884.0 580.0 859.9

Posterior 1243.9 b 1018.0 81.8 1859.1 628.7 619.0 384.0 569.3

Analysis of variance: F: 9.75 – p-value=0.0008

95% confidence

Table 1 - Basic statistics and Tukey’s tests comparing mean RMS values of
the temporalis muscle.

CV: coefficient of variation
MAD: median absolute deviation
Means followed by same letters do not differ by Tukey’s test (α=0.05).

Several studies8-9 have reported the clinical importance
of the temporalis muscle for mandibular stability and its high
susceptibility in patients with morphological deviations10

such as malocclusion and intermaxillary disproportion11-13.
EMG findings have been widely applied in dental

practice14 for diagnosis, orthodontic care planning and
assessment of devices such as occlusal splints2. However, it
is not yet clear how the portions of the temporalis muscle
work together in healthy individuals. This knowledge can
allow comparisons in individuals with dental and skeletal
deviations. The present study aimed to investigate how the
anterior, middle, and posterior portions of the temporalis
muscle work during mastication and to assess mean electrical
activity of each portion in Angle’s Class I individuals with
the use of surface EMG. The study hypothesis is that there is
an association between the muscle portions and that mean
electrical activity decreases anteroposteriorly.

Material and methods

The study was approved by the Ethics Committee of
the School of Medical Sciences of the University of Campinas
(UNICAMP) (protocol # 315/2011)

The sample consisted of 16 healthy male college
freshmen trichotomized, aged between 18 and 25 years, with
Angle’s Class I and no temporomandibular disorders.

EMG recordings were performed using Myosystem BR1,
Myosystem software version 2.52 (DataHominis Tecnologia
Ltda.) with signal conditioning, 12-bit resolution, 112 dB
and 60 Hz common mode rejection ratio (CMRR) and A/D
Myosystem converter (model PCI-DAS 1200, Prosecon Ltda.).

The reference electrode was positioned on the manubrium
of the sternum bone of a volunteer. Signals were captured
using disposable passive bipolar surface Ag/AgCl electrodes
(Noraxon USA Inc., model 272), of 1 cm diameter and
positioned with a fixed 1-cm interelectrode distance,
connected to a preamplifier (Lynx Tecnologia Eletrônica
Ltda., model PA 1010-VA) with gain of 20 times forming a
differential circuit.

In the temporalis muscle, anterior electrodes were
positioned 1 cm above the anterior portion of the zygomatic
arch and the upper margin of the coronoid process near the
zygomatic-temporal suture and lateral margin of the
supraorbital ridge, and vertically arranged slightly forward15.

In the muscle’s middle portion, electrodes were positioned
slightly oblique at a 2 cm distance from the external ear
canal16. Posterior electrodes were positioned about 1 cm away
from the middle portion of the temporalis muscle and arranged
at a 15-degree angle in the Frankfurt horizontal plan6. A test
of muscle function17 was performed after electrodes had been
attached to ensure its adequate positioning.

All EMG recordings were made during regular mastication
for 5 s. The mastication cycles were during normal right and
left chewing. As it was not known which side was determinant
for the differences, the right side was chosen at random. The
sample capture for signal was of 2 kHz. All subjects were
given a chewing gum to assess mastication.

EMG recordings obtained were band pass filtered at
20-500 Hz using a Butterworth filter. The mean electrical
activity of the cycles was estimated using the Root Mean
Square18 (RMS) approach. Analysis of variance was performed
to compare mean RMS values of the three portions of the
temporalis muscle. Tukey’s Studentized range (HSD) test for
significance (p < 0.05) was used for simultaneous multiple
comparisons. Since data from the three muscle portions were
collected from the same individual, repeated measures analysis
was performed using SAS GLIMMIX procedure as it allows
to adjust data from populations with different distributions19

(SAS software; SAS Institute Inc., Cary, NC, USA).

Results

The F-test provides strong evidence (p<0.01) of
differences between actual mean RMS values in at least two
levels of the “portion” effect (Figure 1). The analysis of
data indicate that the mean RMS of the posterior portion of
the temporalis muscle is significantly lower than RMS values
of the anterior and middle portions (Table 1). In addition,
means and standard deviations as well as median and median
absolute deviation (MAD) values can be used as reference
values for healthy people.

Means and standard deviations are more meaningful when
data with normal or Gaussian distribution are analyzed, which
was not observed in this data set. In view of non-normal
distribution of data, we suggest the use of robust indicators
such as median and MAD that can replace mean and standard
deviation, respectively, in cases where outliers or deviations
from normality may occur.
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Fig. 1. Raw EMG activity of the anterior (TA), middle (TM) and posterior (TP)
portions of the temporalis muscle during mastication. It is of note the simultaneity
and balance among the muscle portions and mastication cycles and lower electrical
activity in the posterior portion.

Standard Sigma
Portion Mean deviation        interval estimates

CV Upper Lower Median MAD

Anterior 2149.77 a 882.38 41.05 2682.99 1616.55 1918.00 469.00 695.34

Middle 2531.38 a 1408.2 55.63 3382.41 1680.36 1884.00 580.00 859.91

       9

Posterior 1243.92 b 1018.0 81.84 1859.09 628.75 619.00 384.00 569.32

       0

95% confidence

Table 2 - Basic statistical tests and Tukey’s comparison test of mean RMS
values of the temporalis muscle

CV: coefficient of variation
MAD: median absolute deviation
Means with same letters do not have any difference by Tukey’s test (α = 0.05)

Graphic presentation of data distribution shows the lowest
estimate of central tendency of the posterior portion of the
temporalis muscle during mastication and the greatest
suitability of the log-normal distribution for comparison of
group means.

Discussion

In the present investigation on how the anterior, middle
and posterior portions of the temporalis muscle work during
mastication, it was found they all work together but with
different mean electrical activity (RMS) (Figure 1).

Although the temporalis muscle is considered unique
single unit, the analysis of variance evidenced differences
between mean RMS values in at least two of the three
portions. Tukey’s test for multiple comparisons of means
showed that the posterior portion had a significantly lower
activity than all other portions (Table 1).

Several studies20-21 have described the ability of the
central nervous system to activate subsets of motoneurons in
the same muscle so that specific functions can be carried out.
Regional differences in the histochemical composition of the
fibers of the temporalis muscle have also been reported5.
Neither the muscle nor its portions can function separately.
By integrating the portions, depending on the motor unit

firing rate and amplitude, they can have different functions.
RMS values in the anterior, middle and posterior portions

were 2149.77, 2531.38 and 1243.92, respectively,
demonstrating that they work together with predominance
of the anterior and middle portions11. However, another study
found inconsistent results including similar values for  the
three portions4 and increased activity in the anterior and
posterior portions7. These inconsistencies can probably be
attributed to different methodological approaches and use
of wire7 or needle4 electrodes in the tenuous and delicate
fibers of the temporalis muscle, which may cause discomfort
and inaccurate recording, compromising data reliability2.

The highest RMS values were found in the anterior
(2149.77) and middle (1243.92) portions of the muscle, which
indicates that during mastication the temporalis muscle
activity is predominantly continuous20 focused on
maintaining movement. There is a predominance of type I
fibers characterized by tonic contraction5 that contrast with
type II fibers found in the posterior portion of the temporalis
muscle that are activated during fast phasic contraction20

showing significantly lower RMS values in the present study
(Table 2).

The present results are supportive to the findings of
other studies, which stated the importance of skeletal and
occlusal morphological aspects of muscle activity11-13. In
Angle’s Class I individuals who have adequate occlusal
stability and balance intermaxillary the main function of
the temporalis muscle is to maintain movement. In contrast,
in retrognathic individuals22, maximal voluntary contraction
occurs predominantly in the posterior portion of the
temporalis muscle probably to produce an antagonistic action
to that of the pterygoid muscle and thereby ensure the
stability of the mandible3.

In conclusion, there is an association between the
portions of the temporalis muscle. It was found a significantly
lower RMS value in the posterior portion showing that the
anterior and middle portions of the muscle have a
predominant function of maintaining movement during
mastication.
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