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Abstract

Introduction: The aim of this study was to propose a method of electrodes positioning on the superficial masseter
and anterior temporalis muscles for surface electromyographic (SEMG) recordings in order to overcome some
known methodological constraints. Methods: Fifteen volunteers with normal occlusion participated in two
experimental sessions within a 7 day-period. Surface electrodes were placed on two different locations that were
based on palpable and individual anatomical references. Surface EMG signals (2000 Hz per channel; A/D: 16 bits;
gain: 2000 X; band-pass filter: 20-500 Hz) were recorded under three conditions: mandibular rest position, 30%
and 100% of maximum voluntary bite force. Three measurements of maximal bite force were taken by using a
force transducer positioned over the lower right first molar region and the highest record was taken into account.
The root mean square value was considered for analysis. Intraclass correlation coefficients (ICCs), paired t test, and
the Bland-Altman method comprised the statistical analyses. The level of significance was set at 0.05. Results: ICC
records for right and left masseter and anterior temporalis muscles at T, (first SEMG record) and T, (second SEMG
record) intervals were significantly different (p<0.05). The results showed satisfactory to excellent reproducibility of
RMS values at rest, MVBF and 30% MVBF, as well as for MVBF in kgf. Conclusion: The results showed reliable
reproducibility for the SEMG signal recording in masseter and anterior temporalis muscles from the protocols

presented and under the three conditions investigated.
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Introduction

Surface electromyography (SEMG) has increasingly been
used as an adjunct method to evaluate the biomechanics
of mastication (Gonzalez et al., 2011). However, different
variables have been identified as critical to the quality
of sSEMG signal, and subsequently to the information
it supplies. Age, gender, facial anatomy and fat tissue
distribution are ordinary examples of such intervening
variables (Castroflorio et al., 2008; Klasser and Okeson,
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2006; Suvinen and Kemppainen, 2007; Suvinen et al.,
2009). Moreover, there seems to be no consensus with
regard to the SEMG protocols and parameters established
for the recording of this signal from masticatory muscles
although Castroflorio et al. (2005; 2006) highlight the
importance of some methodological issues that must
be taken in account whenever we intend to record the
SEMG activity from some facial muscles. For instance,
the electrodes placement and the distance between them
in bipolar configuration can compromise the quality
of monitoring in a same patient within sessions, as
the amplitude and spectral contents of this signal may
dramatically vary depending on the protocol adopted
(Castroflorio et al., 2008; Garcia and Vieira, 2011; Merletti
and Parker, 2004; Suvinen and Kemppainen, 2007).
Particularly in SEMG, the reproducibility of electrodes
positioning is critical in longitudinal studies (Merletti
and Parker, 2004) mainly due the lack of ensuring the
monitoring of a particular muscular location and thus
leading to a misinterpretation of the SEMG data whenever
consecutive measurements are taken from the same
individual (Donaldson and Donaldson, 1990) as previously
mentioned. Therefore, the present recommendations
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may help clinicians to better examine and evaluate
the muscle activity before and after treatment from a
particular location, since the spatial distribution of motor
unit action potentials are not uniform through the whole
extension of a muscle (Garcia and Vieira, 2011; Merletti
and Parker, 2004). Such a recommendation may ensure
the SEMG signal record from the same muscle volume
along consecutive examinations and so a more robust
clinical interpretation can be achieved. The International
Society of Electrophysiology and Kinesiology (ISEK)
has suggested the use of a set of norms in the process
of acquiring and analyzing this signal, all compiled
into a Project named SENIAM (“Surface EMG for
Non Invasive Assessment of Muscles”) (Hermens et al.,
2000). SENIAM raises awareness of the importance of
following its protocols for electrodes placement, which
were compiled from anatomical and functional features
of different muscles even though it does not take in
account facial or masticatory muscles. In addition, due to
the small number of studies that present methodological
proposals for electrode placement on specific muscles
associated with mastication, there seems to be a lack of
consistency among them (Pedroni et al., 2004).

Therefore, according to the aforementioned, the
aim of this study was to develop protocols for surface
electrodes positioning on two facial muscles: the
superficial masseter and anterior temporalis. It is also
worth highlighting that they were conceived based on
easily palpable and specific anatomical landmarks to guide
clinicians in their routine and guarantee reproducibility
between multiple SEMG recordings.

Methods

Fifteen volunteers of both genders (7 men and 8 women,
age: 24.4 £ 5 years) were recruited for this study. They were
all clinically evaluated and presented normal occlusal
characteristics (adequate dental intercuspation, correct
canine relationship, overjet ranging from 2 to 3 mm,
overbite between 10% and 50%, presence of anterior
and lateral guidance, as well as lip competence) and
lack of clinical signs of temporomandibular joint
dysfunction. This project was approved by the Ethical
Committee on Research of the Public Health Institute,
Federal University of Rio de Janeiro in Brazil (number
108/2009, process number 35/2009). All volunteers gave
written informed consent prior being advised about the
procedures adopted in this study.

A 5-channels EMG system was used, of which 4 were
used for sSEMG signal recording and 1 was connected to
a force transducer (EMG System of Brazil, Sao Jos¢ dos
Campos, SP, Brazil - sampling frequency of 2000 Hz per
channel; A/D: 16 bits; gain: 2000 X; band-pass filter:
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20-500 Hz; common mode rejection rate (CMRR):
>100dB). Active bipolar surface electrodes were used.

During sSEMG signals recording, volunteers remained
seated in an upright position on a chair without a headrest,
natural head position, and Frankfort horizontal plane
parallel to the ground; their feet were on the floor and
hands rested on the thighs, according to the methodology
proposed by previous studies (Castroflorio et al., 2005;
2006; Tosato and Caria, 2007).

The sEMG signals were recorded from superficial
masseter (SM) and anterior temporalis (AT) muscles at
mandibular rest position, maximum voluntary bite force
(MVBF - kgf) and 30% of MVBE. A force transducer
(Alfa Instrumentos Eletronicos, Ltda; nominal capacity:
200 kgf; sensitivity: 2mV/V), specifically designed
for recording mastication efforts, was positioned over
the lower right first molar in tests of bite force. At rest
position, the volunteers were asked to avoid movements
and occlusal tooth contacts, and to keep the lips relaxed.
The acquisition of SEMG signal lasted 5 seconds in this
last position. MVBF corresponded to the highest value in
kgf after three recordings, of 3 seconds each, when the
volunteers were asked to perform a maximal bite effort.
A target force set at 30% of the MVBF was calculated
and used in a third moment of sSEMG signal acquisition.
A target line, corresponding to 30% of MVBF, was
continuously presented to the volunteers as a way of
providing a visual feedback to guide the maintenance
of the level of muscle contraction. All SEMG signal
recordings were performed by the same operator at two
different instants of time (T, first sample; T, second
sample), within a seven day interval, so that operator
would not be able to memorize electrodes positioning.

The locations for electrodes positioning were
previously shaved and cleaned with neutral soap in
order to maximize the signal/noise ratio (S/N ratio),
as recommended by SENIAM (Hermens et al., 2000).
Male volunteers were instructed to have their beard
shaved prior to the sSEMG signal recordings. Surface
self-adhesive electrodes (hypoallergenic acrylic adhesive,
3M Brazil LTDA, Ag-AgCl, 1 cm diameter, model
2223BR, Sumaré, SP, Brazil) were used to collect the
SEMG signals.

The reference electrode was positioned over
C7 vertebra (Garcia-Morales et al., 2003), identified
as the most prominent part of the cervical spine not to
translate forward when the head is flexed (Hackney et al.,
1993). A bipolar electrodes configuration was set up
over the muscles of interest (AT and SM) by using an
inter-electrodes distance (IED) of 15 mm.

In order to locate the areas of interest over each
muscle, three straight lines were determined from easily
palpable anatomical landmarks. On the anterior portion
of'the AT muscle, two lines were identified, one vertical
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and another horizontal (TL, and TL,, respectively).
TL,, line corresponded to the bony prominence formed
by the zygomatic process of the frontal bone and the
posterior limit of the frontal process of the zygomatic
bone; while TL, line corresponds to the upper border
of the zygomatic arch (Figure 1). The electrodes were
placed according to the fibers direction of AT muscle, just
above the upper edge of the zygomatic arch, posterior
to line TL,, and anterior to the scalp (Figure 2).

In order to place the electrodes over the SM muscle,
Gonion (Go) - located at the angle of the mandible - and
the body of zygomatic bone were both identified by
palpation. The SM muscle line (ML) was drawn from
these reference landmarks, joining Go, spotted on the
soft tissue, to the mid-point between the lower posterior
border of the zygomatic bone and the zygomatic arch
(Figure 1), both also identified by palpation. ML was
adjusted to fibers direction of SM muscle (Chan et al.,
2008), which is congruent with its origin and insertion.
The SM muscle is covered by a tendinous layer that
extends from the zygomatic bone to 1/3 to 1/2 of its
length (Suvinen et al., 2009). It is not recommended to
place electrodes over tendinous areas, so a reference
point was identified at 40% of the length of ML from Go.
The electrodes were placed along this reference line, with
their location of placement on the mark corresponding
to 40% of ML (Figure 2).

After setting out all the reference points and lines,
the volunteers were asked to clench the teeth so as to
confirm whether the suggested anatomical landmarks
needed any adjustments. The surface electrodes should
be placed along muscle fibers, over the most prominent
region at the moment of muscle contraction. While
palpating the muscle during contraction, it was possible
to verify electrodes positioning to perform any need of
correction. All corrections in electrode positions and
their respective amounts were duly noted.

In order to compare different conditions, the root
mean square (RMS) values of the SM and AT (right
and left) myoelectric activities were calculated at rest,
MVBF and 30% MVBF for both moments (T0 and T7)
from the SEMG data collection established in this study
(Equation 1).

RMS = /i S EMGIn}? o
N n=l

Where N represents the number of samples to be averaged
within intervals established for analysis, as shown below.

An epoch of 0.5 second duration from a 3-second of
SEMG raw signal, corresponding to the moment of peak
force, was used for MVBF analysis; a total recording
time (5 seconds) was used for analyzing rest position;
and an epoch of 5-second duration from the moment
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Figure 1. (A) The lateral view of skull shows the reference lines used
in this study: TL,, TL,, and ML. The small thick line represents an
intersection at 40% the length of ML from Go landmarck; (B) Lateral
view of deep facial planes, evidencing the AT and SM muscles and their
relationship with anatomical landmarks and reference lines adopted.

Figure 2. (A) Reference lines drawn on the face of a volunteer;
(B) electrodes positioned over the AT and SM muscles.

the force reached the target level and remained constant
was used for 30% MVBF signal analysis.

Statistical analyses

The agreement of RMS values at rest and 30% MVBF
was assessed by means the Bland-Altman method for
each muscle separately, with upper and lower limits of
agreement set at 95%. Therefore, the paired t-test was
used to verify differences between Intraclass correlation
coefficients (ICCs) at T and T, but also for each individual
muscle. The ICCs allowed us to test RMS values at rest,
MVBF and 30% MVBF.

Results

The Bland-Altman plots depict, with the exception
of a few outliers, an even distribution of points
within the 95% limits of agreement (Figure 3 and 4).
The displacements of mean differences from zero were
not statistically significant (p> 0.05). At rest, RMS values
from SM muscle were 5 = 2.5 uV, while AT values
ranged from 3.5 to 16 uV (Figure 3).

According to the paired t-test, the ICCs for the
SM and AT muscles (right and left) at T and T, intervals
were significantly different (p <0.05; Table 1). The results
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Figure 3. Bland-Altman plot of all four muscles evaluated at rest, with 95% upper and lower agreement limits, and average difference line. T - initial
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Table 1. Intraclass correlation coefficient of RMS and MVBF values
for the right and left AT and SM muscles.

30%
Rest MVBF MVBF MVBF
Muscle (RMS (RMS
(RMS (kgf)
values) values)
values)
Right AT 0.75 0.84 0.73
Left AT 0.70 0.77 0.64 0.83
Right SM 091 0.92 091 '
Left SM 0.82 0.86 0.65

Note: Values found at T, (initial recording) and T, (recording after
7 days) were compared by means the paired t-test. All results presented
P-value < 0.05. Results below 0.6 are considered of poor reproducibility;
between 0.6 and 0.8, of satisfactory reproducibility, and above 0.8, of
excellent reproducibility (Chan et al., 2008).

showed satisfactory to excellent reproducibility of RMS
values at rest, MVBF and 30% MVBF, as well as for
MVBEF in kgf.

Discussion

The sSEMG signal is variable by nature, even within few
seconds between recordings (Donaldson and Donaldson,
1990; Hermens et al., 2000; Merletti and Parker, 2004).
Therefore, the similarity of values when two different
SsEMG signal acquisitions occur at different instants of
time are compared in the same individual should not be
expected. The results found in this study depict an even
SEMG data distribution that kept within the 95% limit of
agreement from the statistical method employed. ICCs
results showed satisfactory reproducibility (Table 1),
supporting the hypothesis that the present protocols for
electrodes positioning can be a feasible alternative for
future studies. Our proposal was intended to overcome
some limitations that hamper the optimal placement of
electrodes over SM and AT muscles. Even though, to
our knowledge, no previous study seemed to investigate
the reproducibility of the SEMG signal from SM and
AT muscles from standard surface electrodes, it should
be clarified that this study was conducted from the
recommendations reported by Castroflorio et al. (2005;
2006; 2008).

Among the methods of surface electrodes positioning
previously described in the literature (Arat et al., 2008;
Botelho et al., 2009; Ioi et al., 2006; Liu et al., 1999;
Pedroni et al., 2004; Sabashi et al., 2009), some do not
consider anatomical landmarks, or do not present any
criteria to ensure reproducibility for repeated evaluations,
which are usually based on the muscle belly, the midpoint
of a muscle or along the muscle fibers direction, as
routinely determined by palpation or visual observation.
This kind of methodological approach emphasizes the
importance of surface electrodes positioning over areas
of greater muscle volume, from which the SEMG signal
can be recorded from the larger cross-sectional area.
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However, many studies do not usually provide details
with regard to the positioning, [ED, and direction of
surface electrodes, nor even how to ensure reproducibility.
On the other hand, anatomical landmarks can be used
as references, ensuring greater reproducibility while
positioning electrodes over facial muscles. Among these
studies, some used reference landmarks that were not
directly related to the anatomy of muscles of mastication,
such as the labial commissure, tragus and exocanthion
points (Alarcon et al., 2009; Bodér¢ et al., 2005).

The different tissues between the electrodes-muscle
interface present anisotropic characteristics, therefore it is
desirable that electrodes are placed at the same direction
as muscle fibers. This will allow a pair of electrodes
to pick up a spread of action potentials from the same
bundle of muscle fibers, and thus, of corresponding
muscle volumes (Hermens et al., 2000). Masseter’s line
of action is more vertical in brachycephalic individuals,
while in dolichocephalic subjects this line of action
seems to present greater inclination with regard to the
Frankfort Horizontal Plane. Muscles differ between
subjects. Thus, any recommendation for surface electrodes
positioning based on anatomical landmarks that are
not closely related to the muscles of interest, or are
not individualized, would not respect the precept that
electrodes must be placed parallel to muscle fibers and
over its largest volume. When muscles of mastication
are palpated in pain diagnosis, clinicians usually develop
excellent digital perception, managing to define clearly the
limits of masseter and temporalis muscles. This clinical
maneuver becomes easier when the patient has some
degree of muscle hypertrophy or square face. However,
more information in regard to anatomical landmarks is
needed to enhance method reproducibility, the main
objective of the authors in this study.

Surface electrodes, in a bipolar configuration, should
ideally be placed between the innervation zone and the
tendinous insertion, depending directly on the anatomy
of the muscle to be evaluated (Castroflorio et al., 2005;
2006; 2008; Garcia and Vieira, 2011; Mesin et al., 2009).
The methodological approach proposed in the present
study aims to avoid the most tendinous portion of masseter,
based on anatomical information. Castroflorio et al.
(2005) showed that the innervation zones of masseter and
temporalis are widely dispersed, hampering electrodes
placement over the recommended optimal anatomical
region. The wide distribution of innervation zones may
result in a disruption of the SEMG signal, even when
electrodes move minimal distances (~ 2 mm) from the
source of the most representative myoelectric activity
mainly when very small electrodes are used, which is a
limiting factor to obtaining reproducible results. Maximum
attention was given to electrodes placement in the present
study, in an attempt to reproduce the site as accurately as
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possible. However, while positioning traditional surface
electrodes in bipolar configuration on a particular spot, it
is not possible to guarantee they might not be displaced
a few millimeters from the “optimal” location even
though their diameter (1 cm) allowed covering the most
prominent muscles bulk. During marking and palpation,
the soft tissue may undergo slight displacement, in the
order of a few millimeters, depending on the direction
of finger pressure applied to the skin.

The use of palpation during muscle contraction
(Arat et al., 2008), zygomatic arch (Andrade et al., 2009)
and gonial angle have already been referred by other
studies (Andrade et al., 2009; Garcia-Morales et al., 2003;
Leung and Hagg, 2001), however, in less detail than the
exposed in this manuscript. The scalp boundary limits
the placement of surface electrodes over AT muscle,
as reported in previous studies (Andrade et al., 2009).

Another important factor to be discussed in SEMG
studies is the influence of IED, which must be always
taken in account since it affects the spectral and temporal
contents of the signal (Tank et al., 2009; Telles et al.,
2008). Moreover, according to Castroflorio et al. (2006),
increasing IED improves the reproducibility of SEMG
data from SM and AT muscles. Nevertheless, increasing
IED can lead to the summation of unwanted “crosstalk”
signals from adjacent muscles (Hermens et al., 2000) to
the signal of interest. The SENIAM protocol recommends
an IED of 20 mm for most muscles (Hermens et al.,
2000), but for smaller ones, this distance should be
reduced. We were able to adopt the IED recommended
by SENIAM although the surface electrodes used in the
presented study had to be partially cut out to be suitably
placed over both muscles as can be seen in Figure 2B.

The results of this study showed satisfactory
reproducibility (Table 1), indicating that the established
protocols are a suitable and alternative approach for
electrodes placement in future researches concerning
the myoelectric activity of the SM and AT muscles.
Interestingly, the SEMG data seemed to present great
reproducibility for the right side in contrast to left one
for both muscles. We may assume that since the force
transducer was positioned over the lower first molar
on the right side, it could explain such differences for
MVBF and 30% MVBF results, but not the sSEMG
signals recorded at rest position. Although we did not
adopt any inventory of lateral preference or dominance
to ascertain chewing side preference, it could be
suggested a brain hemisphere influence on regulating
muscle force differently from each hemiface even though
some authors (Martinez-Gomis et al., 2009) raise some
doubts about this particular issue; however this study
did not gather information in this respect. Comparing
our results with those obtained by Castroflorio et al.
(2005), good reproducibility was obtained with smaller
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IEDs, despite the difference concerning the temporal
parameters investigated: The RMS value was used in
the present study, whereas Castroflorio et al. (2005)
used the average rectified value.

We have applied the Bland-Altman method to compare
SsEMG signal recordings performed by the same operator,
within a seven-day interval, and for the same volunteers.
All possible variables were controlled, excepting the time
interval between the two tests. Repeating the test in a
different day could result in a different psychological
state; furthermore, the volunteers were already familiar
with the research procedure at T.. Moreover, operator’s
memory might influence the SEMG signal acquisition
in the case of the interval of time between the two data
recording was shorter. We observed that the AT and SM
muscles reached amplitudes of + 5 (10 uV peak to peak)
and 3 pV (6 pV peak to peak), respectively, during the
rest condition. These results suggest that we were able to
achieve sSEMG signal with a very high S/N ratio during
the data acquisition. Despite the advantages of using the
Bland-Altman method, no previous studies were found to
use this analysis for assessing SEMG agreement for both
muscles. It would be interesting to conduct additional
investigations, testing several IEDs, and other types of
electrodes, adapted to the protocols presented in this
study, in order to check the reproducibility of SEMG.

The proposed protocols for surface electrodes placement
on the SM and AT muscles have shown to be suitable,
reproducible and of good accuracy. It is suggested that
these methods can positively contribute to myoelectric
activity monitoring of the muscles investigated in the
present study.
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