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Abstract

Introduction: Chewing directly depends on the function of the masticatory muscles. Maximal bite force and surface EMG are
important determinants for the masticatory function.

Aim: The aim of the study was to evaluate the relationship between gender and age and the bite force and electromyographic
activity of the masticatory muscles in young subjects.

Material and Methods: The study included 110 individuals of mean age 17.08 + 6.02 years: 43 males and 67 females. Surface
EMG (s EMG) was performed on anterior temporalis and masseter muscles on the right and left side to all the 110 subjects.
The bite force was assessed on 68 of them using strain-gauge transducer. The statistical analysis was performed using IBM
SPSS Statistics, version 23.0.

Results: There was no significant difference between the maximal bite force between men and women both on the left and the
right side. The bite force correlated significantly with age both on left and right. The values of the EMG potentials of the masseter
muscle did not differ between male and female subjects both on left and right. As for the temporalis muscle the values on the
left side in women were significantly higher than in men (P<0.05). The values of the right temporalis muscle did not differ. A
significant positive correlation was found between the age and EMG activity of the left temporalis muscle (P<0.01) and of the
left masseter muscle (P<0.05). On the right was not found significant correlation between EMG and age.

Conclusion: Both EMG and maximal bite force showed correlation with age. The left temporal muscle in women showed higher

EMG values than in men.
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Introduction

The main aim of dental treatment is to provide normal oral function, and at first place, normal masticatory
function. Normal mastication allows appropriate dietary intake and is closely related to the quality of life.
Masticatory performance depends on many factors like dental status, salivary flow, health status including
disorders of the temporomandibular joint and craniofacial pain (1). There is evidence, that age and gender
also influence the normal masticatory function (2). Objective criteria for the estimation of the masticatory
function are the bite force and the electromyographic activity of the masticatory muscles, which are closely
interrelated. For this purpose measuring of the bite force and especially the maximal bite force (MBF) by
gnathodynamometry (GDM) and the electromyographic activity of the masticatory muscles, performed by
EMG are reliable methods for the estimation of the performance of the masticatory muscles (3,4).

Surface electromyography (SEMG) is an effective and safe tool for evaluation of the masticatory muscles in
both children and adults (3). It is used for monitoring jaw-closing and facial muscles, and for evaluation of
physiological and pathological conditions of the stomathognathic system.

The electromyographic (EMG) analysis enables the evaluation of the performance of the masticatory muscle
activity in different clinical conditions. Data show, that with an increase of age a clear decrease of the muscle
activity is observed, indicating that the changes in the stomathognathic system is a function of age (4). The
measurement of the EMG activity of individuals from 7 to 80 years revealed that the children group (7-12
years) had the highest EMG activity both at rest and during maximal clenching compared to the other age
groups. With the increase of age a clear decrease of the EMG activity was observed and during maximal
clenching the highest values were observed in the temporalis muscle in all groups (4).

Age is an important sociomedical factor to consider when assessing muscle function. A correlation has been
established between the age of individuals and the muscle activity of the various masticatory muscles. In
twenty-four hour EMG monitoring of masticatory muscle activity in children, longer activity was reported in
m. temporalis, while in adults the activity of m.masseter (5). Since m. temporalis positions the lower jaw,
and in children the temporomandibular joint is not completely formed (shallow articular fossa), the
prevalence of the tone of m. temporalis helps to position the lower jaw.

The influence of gender on the EMG muscle activity of the masticatory muscles has not been conclusively
confirmed. Gender, according to various authors, is a factor influencing masticatory force, and the general
opinion is that it is greater in men than in women (6,7,8). In healthy individuals differences of the EMG
activity between the two sexes at a resting position were not found, while during maximum contraction in
central occlusion the mean potentials of m. masseter and m. temporalis in males were higher than those in
females. (7). Rilo B. et al., (1997) in subjects without temporo-mandibular disorders, found similar results
for both sexes. This is contrary to the results obtained by Pinho J. et al., (2000), who reported higher resting
values in women than in men. During maximal voluntary clench (MVC) in women again higher values were
reported compared to men, respectively 65.17 pV versus 51.24 pyV. Abu Alhaija E. et al., (2010) do not
confirm these data, as they did not find differences in the masticatory force between the sexes.

Investigation of the masticatory force in relation to age and gender found significantly higher bite force in
males than in females and in younger compared to older subjects (13). The authors did not find significant
differences between right and left side MBF, and the bite force was significantly higher in males than in
females regardless of the age, even below 18 years. Brown S. et al., (1996) on the contrary, showed no
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correlation between MBF and gender up to 18 years of age. When the mandibular jaw-base line (ML-NL)
was taken into consideration no gender differences in the bite force was registered up to 18 years,
independently of the angle (15). Palinkas M. et al., (2010) in a study of five groups (7-80 years) found that
the youngest group (7-12 y) had significantly lower bite force means at both sides as compared to all groups
except the group from 61 to 80 years. In all groups gender was found to be a significant factor, associated
with MBF. However, because of the differences in the patients’ health status, age, gender, place of testing,
it is difficult to compare the masticatory forces obtained by different researchers (16).

Aim
Therefore, it is of interest to investigate the influence of gender and age on the bite force and the
electromyographic activity of the masticatory muscles.

Material And Methods

The study included 110 individuals of mean age 17.08 + 6.02 years: 43 (39.1%) of them were males and 67
(60.9%) females. Surface EMG (s EMG) was performed to all the 110 subjects. The bite force was assessed
on 68 of them. The inclusion criteria were: no temporo-mandibular disorders; no pain during clenching the
teeth; no missing teeth in the lateral areas and no evidence of an acute inflammatory process. The study
did not include individuals who underwent or are undergoing orthodontic treatment or have evidence of
bruxism.

Assessment of bite force

The bite force was measured in 68 subjects with a mean age of 18.4 + 6.1 years - 33 males and 35 females.
A strain-gauge transducer was used — a gnatodynamometric system GD500.1 with a test range of 0-700
Newtons (N). The subjects sat on the dental chair with the head upright in natural position and unsupported.
The horizontal planes of the gnathodynamometer were positioned in the area of the first permanent molars.
Maximal voluntary clench was performed on the fork of the strain-gauge transducer. The study was
performed bilaterally, sequentially to the left and right side with intervals of one minute. The patients were
asked to bite with maximal strength to record maximal bite force. The results were measured in Newtons

(N).

Assessment of the EMG Activity of the Masticatory Muscles

The sEMG examination was performed using a two-channel electromyograph (Neuro-EMG-Micro-2) with
“Neuro-MEP-Q” software. Electric potentials of two pairs of masticatory muscles were measured: temporalis
anterior (TA) and the superficial part of the masseter muscle (MM). Before placing the surface electrodes
(Ag/AgCl), the skin was cleaned with 90% ethyl alcohol over the most prominent part of the muscle palpated
in contraction, parallel to the fibers according to the Surface EMG for Non-Invasive Assessment of Muscles
program guidelines (SENIAM). Before SEMG measurement, all the subjects were instructed about the
procedure and signed an informed consent. Maximal and mean EMG activity values of every contraction of
the right and the left masseter and the anterior temporalis were recorded during maximal voluntary clenching
for a 3-second period in microvolts (uV).

Statistical Analysis

The statistical analysis was performed using IBM SPSS Statistics version 23.0. The nonparametric test of
Kolmogorov - Smirnov was used to check the normality of distribution. The statistical evaluation of the
values of maximal bite force and the EMG values between the groups was performed by Mann-Whitney U—
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test or Student’s t-test depending on the normality of distribution, at the 95 per cent confidence interval
(P<0.05). Spearman’s correlation analysis was used to estimate the correlation between variables.

Results

Maximal bite force in males and females
On table 1 are presented the results of the maximal bite force on the right and left for both sexes.

Table 1. Maximal bite force on the right and left side of male and female subjects

] Male (n=33) Female (n=35)
Variable X sD X sD P
MBF right 379,30 126,68 353,85 135,93 0,467
MBF left 409,61 121,12 383,20 135,11 0,400

The data show that there is no significant difference in bite force between men and women, both on the left,
and on the right side.

Maximal bite force and its correlation with age

Correlation analysis was applied to examine the relationship between the age of the subjects and the MBF
on the left and right.

As no difference was found in the maximum bite force between the two genders, when examining the
correlation between age and MBF, the subjects were not divided by sex. The results are shown on Table 2.

Table 2. Relationship between age and maximal bite force on the right and the left side.

Variable MBF right MBF left
Age 0,282* 0,255*
* - P<0,05

From Table 2 it can be seen that there is a weak, but significant positive correlation between MBF and age
on both the left and right sides.

EMG activity of the temporalis and masseter muscles

The maximum and mean values of the EMG activity of the two masticatory muscles on the left and right
were measured and compared in both genders. Table 3 shows the maximum and mean values of each
muscle in men and women.

Table 3. Comparison of EMG potentials of left m. masseter and left m. temporalis between both

sexes
Males (n=43) Females (n=67)
X SD X SD P
Left m.masseter
Max 1140,88 538,13 1087,10 526,00 0,752
Mean 339,30 108,18 323,93 107,28 0,466
Left m.temporalis
Max 1114,33 442,28 1304,18 457,26 0,035*
Mean 326,49 76,13 362,15 90,93 0,068

* P<0.05
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The data for the left m. masseter show that there is no significant difference of the maximum and mean
EMG values between men and women.

The data for the left m. temporalis show that a statistically significant difference between the two sexes is
found in the maximum value of the left m. temporalis, values being higher in female than in male subjects.
Table 4 shows the results of EMG recordings of the right m. masseter and m. temporalis.

Table 4. Comparison of EMG potentials of right m. masseter and m. temporalis in both sexes

Males (n=43) Females (n=67)
X SD X SD P

Right m.masseter
Max 1072,23 516,26 1108,62 506,76 0,551
Mean 327,49 112,90 323,21 104,53 0,804

Right m.temporalis
Max 1138,28 426,16 1306,33 545,38 0,177
Mean 335,86 86,66 367,43 108,36 0,306

There was no significant difference in the maximal and mean values of the muscle activity of the masseter
and temporalis muscles on the right side between male and female individuals.

Data show, that no gender differences were observed in the EMG activity of the masticatory muscles of the
examined subjects, except for the left m. temporalis that showed higher EMG potentials in women.

Correlation between EMG activity and age
Correlation analysis was used to examine the relationship between the EMG activity of the facial muscles

and the age of the participants. The results are shown on table 5.

Table 5. Relationship between EMG activity and the age on the right and the left side

Muscle Left m. masseter Left m. temporalis Right m. masseter Right m.
temporalis
Value Max Mean Max Mean Max Mean Max Mean
Significance 0,191" 0,177 0,265™ 0,271™ 0,159 0,138 0,158 0,169

* - P<0,05, ** - P<0,01.

There is a significant, positive correlation between age and the EMG potentials of both muscles on the left
being more pronounced for m. temporalis, while on the right no significant correlation is found.

Discussion

The influence of gender on the muscle activity of the masticatory muscles has not been conclusively
confirmed.

For MVC in women higher values were reported compared to men, respectively 65.17 yV and 51.24 pV.
Gender differences, according to various authors, are a factor influencing masticatory force, and the general
opinion is that force is greater in men than in women. (6, 7, 8). Abu Alhaija E. et al., (2010) found no
difference in masticatory force between the sexes.
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Bite force is an important indicator of the function of the stomathognatic system, and its measurement is
valuable to diagnose disorders of the musculoskeletal system of the facial skeleton (16). It is an important
determinant of the dietary choices, which is closely related to the quality of life (1, 17). Data concerning the
association between bite force with age and gender are controversial. Quindini P.R. et al., (2017) found
that the bite force in men was higher compared to women both on the left and the right, regardless of the
age, even in younger individuals, aged less than 18 years. In this study, however we did not find difference
of the maximal bite force between male and female subjects both on the right and the left side in the age
group 176 years. Brown S. et al., (1996) reported that the correlation between MBF and gender was not
evident up to 18 years of age. Other data did not find correlation between the MBF and age (13, 18). Palinkas
M. et al., (2010) found that in men the bite force was nearly 30% higher than in women. Moreover, age was
found to be a determinant of muscle thickness of the masseter and temporalis muscles at rest and at
maximal voluntary contraction with gradual increase to adulthood and a decrease in the age group of 61-80
years. In this study we examined the relationship between MBF and age and found a weak, but significant
positive correlation between MBF and age both on the right and the left side. In this respect our results
confirm the data of Brown S. et al., (1995) and do not confirm the data of Quindini P. et al., (2017). Our
results confirm those of Szymanska J. et al., (2015), who report that gender has only a weak effect on the
average bite force on the right, and conclude that there is a lack of clinical correlation between bite force
and gender. Other studies also do not find correlation between values of the masticatory function and gender
at different age groups (11, 19). In this study we found a significant positive correlation between maximal
bite force and age both on the left and the right side, on the right being higher. These data are similar to the
results of other studies that report that the increase in age by 1 year resulted in an increase of the maximum
bite force on both sides, this increase being higher on the right side (14). Similar are the results of Usui T.
et al., (2007), while Bakke M. et al., (2006) found that the bite force increases with age only up to 12 years
of age, and then remains at a similar level up to adulthood (40-50 years). The mean age of the subjects in
this study is 17+ 6 years and yet we found significant positive correlation of the MBF with age. Our data
show that in this age group there are no statistically significant differences in the MBF between genders,
but there is significant positive correlation between age and the bite force.

Besides the bite force the evaluation of the activity of the masticatory muscles by a SEMG is another valuable
and reliable method to investigate the masticatory function. While in a resting position are not reported
gender differences of the EMG activity, during maximal contraction EMG activity of masseter and temporalis
muscles were higher in men than in women (7, 9). In this study we measured maximal and mean values of
the electromyographic activity of the temporalis and the masseter muscles of 110 subjects. Our data show
that on the right side there is no difference in the maximal and mean values of the EMG potentials of the m.
masseter and m temporalis between males and females. On the left side, however the maximum values of
EMG of temporalis muscles in women were significantly higher than in men, while the potentials of m.
masseter did not differ. We did not find difference in men and women of the mean values of EMG potentials
both on right and left side of both muscles. Data concerning the comparison between the temporalis and
masseter muscles are also conflicting. Some studies report that during maximal clenching the maximal EMG
activity is registered in the masseter muscle (23), while others find higher values in the temporalis muscles
(4). The authors also found age-related changes of the EMG muscle activity with children having higher
EMG values for all clinical settings, and as age increases from youth to adults and from adults to elderly a
decrease of the EMG activity is recorded. In our study a significant positive correlation is found between
EMG and age on the left side (of both m. masseter and m. temporalis while on the right side no such
relationship was detected. Manfredini D. et al., (2011) found that the right side muscles had higher voltages
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during clenching, however our data did not prove asymmetry between left and right EMG potentials. Our
data support the results of Wieczorek A. et al., (2015), that in females the EMG activity of m. temporalis is
higher than in men, but do not support their finding that in men the activity of m. masseter is higher than in
women, we found the difference insignificant.

Conclusions

In conclusion we found that the maximal bite force does not differ between male and female subjects, but
the MBF is significantly positively correlated with age. As to the EMG activity of the temporalis and masseter
muscles, the EMG potentials during maximal clenching of m. temporalis on the left side is significantly higher
in women than in men. As to m. masseter no gender differences were detected both on the left and the right
side during maximal clenching. Concerning the relationship between age and EMG activity, there was a
clear significant positive correlation between EMG and age, of both temporalis and masseter muscles, but
only on the left side.
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