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Abstract

Objective: To characterize the electrical activity of the muscles: temporal (anterior portion), masseter and suprahyoid muscles during swallowing and to analyze the
difference between the sexes.

Methods: 61 electromyographic examinations were performed. Among the exams evaluated, 40 individuals (65.6%) were female and 21 (34.4%) were male. The mean
age of the volunteers was 23.77 years with standard deviation (SD) of +/- 6.44 years. The muscles: temporal (anterior portion), masseter and suprahyoid muscles were
evaluated bilaterally in the following tests: habitual rest and swallowing of 10 ml of water. The Mann-Whitney test was used to verify the difference between the sexes.
The significance was 5% (p <0.05).

Results: The results of this study demonstrated that there is a greater participation of the suprahyoid muscles during swallowing, not excluding the participation of
the masseter and temporal muscles (anterior portion). During water swallowing, there was participation of the temporal (anterior portion), masseter and especially of
the suprahyoid muscles. In the comparison to activity in the male and female sexes, during rest and swallowing, there was greater electrical activity for the female sex.

Conclusion: During the swallowing of water there was participation of the temporal muscles (anterior portion), masseter and mainly of the suprahyoid muscles. In

the comparison of activity in the male and female sexes, during rest and swallowing, there was greater electrical activity in the female sex.

Introduction

Swallowing results from a complex, dynamic neuromotor
mechanism, fundamental for nutrition and hydration. This act aims to
transport the food bolus from the mouth to the stomach efficiently and
effectively [1,2]. Didatically, it can be divided into the following phases:
anticipatory [3,4], preparatory-oral and oral — voluntary; Pharyngeal
and esophageal — voluntary [5].

Therehave been manyattempts to evaluate the activity of the muscles
during this complex process, in which as surface electromyography
(EMGs) is one of them and consists of a diagnostic device that involves
the detection and Electrical potentials of skeletal muscle fibers.

In EMGs, the electrodes are positioned in the muscles of interest,
they pick up this electrical signal and transform it into visual signals,
which will be interpreted by the examiner. Thus, it is possible to know
when and how a muscle is activated and, also, to determine how the
coordination of different muscles involved in movements is established

[6].

The EMGs, being a non-invasive, painless, simple and reproducible
procedure, can be easily performed by a properly trained professional
in a specific laboratory and has proved to be a valuable tool for the study
of swallowing physiology as well as in the treatment and description of
maneuvers [7-9] and also to confirm the activation of the musculature
that one wishes to recruit in certain tasks [9,10], being able to evaluate
swallowing in different consistencies [11].

It is known that the supra-hyoid muscles (myohyoid, geniohyoid,
digastric and hyoid-style) and tongue muscles are the main
representative muscles that are important for swallowing. Little is
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known about the performance of other muscles of the stomatognathic
system during swallowing, however [12].

The temporal muscle is one of the muscles of the stomatognathic
system that has the function of elevating the mandible, closing the
mouth, which makes it to be considered a positioning muscle of the
mandible, whereas the masseter muscle, as well as the temporal muscle,
has the function of elevation of the jaw, closing the mouth. The masseter
muscle contributes very little to the protrusion of the mandible,
being considered a force-generating muscle, however. The supra-
hyoid muscles have the function of lowering the mandibular against
resistance when the infra-hyoid muscles fix or depress the hyoid bone
[13]. Although pioneering studies were initiated in the 1950s [14], few
studies have aimed to study only normal electrophysiological behavior,
so the objective of this study was to characterize the electrical activity
of the muscles: temporal (anterior portion), masseter and suprahyoid
muscles during swallowing, and analyze the difference between the
sexes.

Method

The electromyographic examination was performed in 61
individuals, with no complaint of swallowing abnormalities. Among
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the exams evaluated, 40 individuals (65.6%) were female and 21
(34.4%) were male. The mean age of the volunteers was 23.77 years with
standard deviation (SD) of +/- 6.44 years. All the sample participants
signed the Free and Informed Consent Term (FICT), authorizing
their participation in research projects at the institution under the
protocol number: 81620/12. The inclusion criteria of the study were:
all components presented permanent dentition, stable occlusion
and no dental mutilation. Exams were excluded from individuals
with malformation syndromes or who had undergone any type of
orthognathic surgery or who reported temporomandibular dysfunction
or functional habits during the anamnesis, such as dental tightening,
bruxism, onicophagy. Individuals who reported using medications
that could interfere with muscle activity were also excluded, as well
as directly or indirectly, such as: antihistamines, sedatives, muscle
relaxants, and or other drugs depressants of the Central Nervous
System.

Experiment

The muscles analyzed with EMGs were right and left masseters,
right and left anterior temporals, and right and left suprahyoid muscle
groups.

EMG signals were obtained using an eight-channel apparatus K6-1
Diagnostic System from Myo-Tronics (Washington, USA) and Scan #
10 software from the same system.

The signal picked up by the electrodes was amplified 2000 times
and filtered with bandpass filters from 20 to 500 Hz and common
module rejection> 120dB.

Participants were instructed to remain seated in a chair, separated
feet, relaxed shoulders and hands resting on thighs, with head on the
Frankfurt parallel to the ground. It was not possible for the participant
to observe the signal on the computer screen. The skin of the subjects
was cleaned with cotton soaked in 70% alcohol in order to decrease the
impedance between the skin and the electrodes. The electrodes used
were bipolar, self-adhesive silver (Ag/ Agcl) surfaces, trademark H.A.L.
Industry & Commerce, with size of 4cm x 2.2cm. Each pole was 1 cm
in diameter with a distance of 2 cm between the poles. The electrodes
were positioned in each muscle evaluated, and the fixation occurred by
the adhesives constituting them. To guarantee the correct positioning
of the electrodes, each study participant was asked to perform a dental
tightening with maximum force. In the masseter muscle, the electrode
was fixed at the point of greatest volume. In the anterior temporal
muscle, the fixation site was determined by an imaginary oblique line
from the pupil to the angle of the mandible, and the fixation site of
the electrodes was approximately two to three centimeters from the
lateral corner of the eyes of a region devoid of hair. And finally, in the
suprahyoid muscles the electrodes were fixed parallel to the muscle
fibers immediately after saliva swallowing.

The evaluations were performed during the individual usual rest

and swallowing 10 ml of fine liquid (water). Prior training was given
to familiarize the participants with the requested tests. Signals were
recorded twice for 10 seconds each and 3-minute interval between
readings.

Each individual received detailed instructions on the procedures to
be performed, consisting of the following steps:

Rest: The recording of muscle activity at rest aimed at determining
the minimum electromyographic activity present in the muscles, in
the absence of the movement request, and also to observe possible
muscular hyperactivity before activities that have a greater recruitment
of muscle fibers.

Liquid swallowing: to the evaluation of swallowing, the individual
was instructed to put the liquid into the cavity of the mouth and
retain it inside the cavity of the ball and swallow it normally at the
command of the evaluator — it was used the volume of 10 ml. The
liquid was offered to the subjects in disposable plastic cups. After that,
the following command is given: “Swallow water normally”, the first
swallowing is done with the 10 ml of water and, after that, the saliva
with the remaining volume of water, if it still exists.

The measures of duration and the amplitude of RMS (root mean
square root) of the electromyographic activity during swallowing were
made using functions specific to the EMG Diagnostic System. Each
stroke is displayed on the monitor screen during the test corresponding
to the muscle activity of each muscle, which is simultaneously shown in
different colors. Every second the average muscle activity is given and,
at the end of the 10 seconds of recording, the program itself provides
the arithmetic mean of the muscle activity of each muscle alone.

Statistical analysis

Statistical analysis was performed using SPSS (StatisticalPackage
for Social Sciences) software 20.0 for Windows and specific statistical
tests were applied to analyzbe the variables. We adopted the significance
level of 5% (0.050) for the application of these tests. To verify if there is
a difference in electrical activity between the sexes, the Mann-Whitney
test was applied.

Results

In order to know the minimal muscle activity of the individuals
in the evaluated muscles, it was possible to observe a small activity
average, when comparing the mean muscle activity of the temporal,
masseter and suprahyoid muscles of the muscles. 4,81 (uV), followed
by the suprahyoid muscle and the masseter muscle, There were no
statistically significant differences between the means, nor between the
left and right side (Table 1).

During the study of the electrical activity during water swallowing,
it was possible that when we compared the studied muscles, the highest
electrical activity was found in the supra-hyoid muscles with values
of 9.6 (uv) on the left side and 9.5 (uv) To the right, as was expected

Table 1. Distribution of the values of the electrical activity of the studied muscles during the habitual rest.

Musculo Temporal

Usual rest

Muiisculo Masseter Muisculo Supra- Hidideos

L R
Mean 4,81 4,14
Minimum 1,11 0,91
Maximum 17,0 19,1
SD 3,27 2,91

L Left Side / R - Right Side; SD: Standard deviation
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R L R

2,81 4,14 443 3,19
0,91 0,70 1,40 1,30
5,90 7,10 9,90 11,5
0,98 1,57 1,61 1.83
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Table 2. Distribution of the electrical activity values (uV) of the muscles studied during the swallowing of 10 ml of water.

Swallowing of 10 ml of water

Misculo Temporal

E D
Mean 7,35 6,99
Minimum 0,70 0,90
Miaximum 44,40 41,70
SD 6,992 6,06

L Left Side / R - Right Side; SD: Standard deviation

Miisculo Masseter Muisculo Supra- Hidéideos

D E D
5,85 6,46 9,62 9,53
2,20 2,50 4,40 3,30
41,80 32,70 28,20 44,00
5,12 3,99 3,88 6,25

Table 3. Distribution of the mean values, standard deviation and (p) value of the electrical activity (1V) in the muscles studied in the sexes during Deglutition of 10 ml of water.

Swallowing of 10 ml of water

Muscle Temporal

L R L
M F M F M

Median 5,29 8,45 6,35 7,34 5,06

SD 4,09 7,94 4,86 6,64 235

LS (p) 0,022 0,439 0,239

Muscle Masseter

Muscles Supra —hidideo

R L R
F M F M F M F
6,27 6,05 6,68 8,01 10,47 9,15 9,73
6,09 2,17 4,70 2,55 4,40 8,31 4,97

0,988 0,009 * 0,149

Left-hand side D- right side M- male Female f SD- standard deviation LS (p) level of significance.

for this study, since the supra-hyoid muscles are elevators of the hdde
bone, an essential movement for swallowing. However, it was also
possible to observe activity in the jaw lift muscles (temporal muscle
anterior portion and masseter) were also activated, when compared
to the reference values in the habitual rest evaluation. How can the
averages are observed in Table 2.

In the comparison between the sexes it was possible to verify that,
in all the studied muscles, the electrical activity was higher in the group
of women, except in the temporal muscle (anterior portion) right
during the reference values for habitual rest. The highest mean was 5.23
(uV) in the left anterior temporalis muscle, the highest mean for males
being 4.58 (V) in the right temporal muscle (anterior portion). There
were statistically significant differences for the group of left suprahyoid
muscles. During the process of deglutition of 10 ml of water we could
observe that the highest averages of muscle activity continued to be in
females for all muscles studied. A statistically significant difference was
observed in the left anterior temporal (anterior portin) muscles and the
left suprahyoid muscles group. The statistically significant difference
was maintained during the swallowing of 10 ml of water as can be seen
in Table 3.

Discussion

Swallowing is a continuous process and to be better understood
it is diagrammatically divided into phases. These phases involve
many structures. The oral manipulation of liquid by means of glass
varies significantly, but usually the liquid is manipulated in the oral
cavity no more than two to three seconds [13], after the formation
of the alimentary bolus the tongue collects and elevates, therefore
there is elevation of the jaw and contraction of the lifting muscles
(temporal,masseter and lateral pterygoid). However, at this time, the
pharyngeal phase of swallowing has not yet started and, therefore, the
individual has not yet swallowed, ie, the food was positioned for later
ejection. As the jaw lift muscles relax, contraction of the supra-hyoid
muscles in general, concomitant with the movements of the tongue.
In Table 2, when we analyzed the mean values of the electrical activity
(uV) of the muscles studied during the swallowing of 10 ml of water,
we observed that during this activity (water swallowing) the highest
mean was found in the suprahyoid muscles. The electrical activity of
the suprahyoid muscles was 9.6 (uv) for the left side and 9.5 (uv) for
the right side. The mandibular levator muscles were also activated
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in comparison to the usual rest. The temporal muscles (left anterior
portion) had 7.3 (uv) and 6.9 (uv) right, whereas the masseter muscles
were observed averages of 5, 8 (uv) on the left side and 6.4 (uv) on
the right side. Different authors have described moderate activity of
the suprahyoid muscles during swallowing [15,16]. Coriolano [17] also
evaluated the swallowing of 10 ml of water, both in the suprahyoid
muscles and in the masseter muscles, the means found in the study, are
different from those found in our study, however, there are similarities
with relation The description of electrical activity of the similar to the
average masseter muscle also described of the supra-hoideos muscles.

Regarding the electrical activity of the masseter and temporal
muscle during swallowing, we know that the temporal muscle is one
of the muscles whose function is to raise the mandible and close the
mouth, being considered a positioning muscle of the mandible. The
masseter muscle, as well as the temporal muscle, has the function
of mandible elevation, closing the mouth, however, the masseter
muscle contributes very little to the protrusion of the mandible, being
considered a force-generating muscle, this role is very important to
stabilize the mandible and consequently explain the performance of the
masseter muscle during swallowing [12]. In the comparison between
the sexes, we observed that there is a trend of greater electrical activity
in the muscles evaluated for females, with a statistically significant
difference between men and women for the left suprahyoid muscle
group, as well as for habitual rest. Our data differ from those described
by [16-19] although the means of electrical activity during swallowing
found by the author is similar to the means described in our study. The
author states that there is a difference in muscular contraction when
comparing men and women during swallowing, and this is greater
in males by approximately 12% in relation to females. It is worth
noting that since EMGs are a non-invasive examination, it does not
subject individuals to radiation, it can be an important instrument for
speech-language practice. Knowledge of muscle physiology in healthy
individuals may contribute to the evaluation of swallowing disorders
and provide adequate theoretical support for speech therapy planning.

Conclusion

During swallowing of fine fluid there was participation of the
anterior temporal muscles, masseter and mainly of the suprahyoid
muscles.
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In the comparison of activity in the male and female sex, during

rest and swallowing, there was greater electrical activity in the female
Sex.

There is a need for further studies to standardize normative values

of the electrical activity of muscles during swallowing.
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