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Abstract 
      One of the important etiological factors in the occurrence of bite pathology is improper work of 
the muscles of the maxillofacial area. That is why the study of the muscles of the maxillofacial area 
in normal conditions and with various pathologies of the bite acquire the greatest relevance among 
scientists all over the world. 
     The purpose of the study is to determine the functional state of musculus masseter and 
musculus temporalis in children and adolescents with hearing deprivation. 
     Surface electromyography of musculus masseter and musculus temporalis was performed in 25 
children and adolescents with hearing deprivation in a state of physiological rest and with maximum 
jaw clenching. All examined had 100% bite pathology. The obtained results were compared with the 
results of hearing patients with a physiological bite and patients with orthodontic pathology without 
hearing pathology. 
     An electromyographic study of masticatory muscles in teenagers with hearing loss allowed us to 
assess their range of variability, the symmetry of their work during rest and the functional test of 
maximum voluntary jaw clenching. 
     Increased biological activity of the masticatory muscles during physiological rest of deaf persons 
compared to hearing persons with both physiological occlusion and occlusion pathology was 
established (р˂0.05; р˂0.01). 
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 Introduction 
 

This study is a fragment of the scientific 
research work "Features of rehabilitation of 
orthodontic patients of various ages" state 
registration No. 022U201229. 

An orthognathic bite is a morphologically 
and functionally balanced bite. And any 
deviations from the norm of the function of the 
form or orofacial structures lead to formed 
incorrect ratios, which is characterized by a 
change in the electromyographic activity of the 
maxillofacial muscles and is an indicator of 
complex functional relations of the dento-
maxillofacial system1. 

One of the important etiological factors in 

the occurrence of bite pathology is the improper 
work of the muscles of the maxillofacial area, 
which affects not only the growth of the jaws, but 
also the entire orofacial harmony and stability2. 
Any deviation of the functions of oral cavity is 
defined as a violation of the functioning of the 
muscles of orofacial complex and causes 
deviations in craniofacial growth and 
development of the maxillofacial area3. 

Malocclusion occurs quite often in 
children with hearing impairment and is 
aggravated by speech disorders and other 
deviations or congenital defects, such as 
attachment of soft tissues of the oral cavity4, 5. 
Due to the absence or specific articulation of 
speech, which is caused by the pathology of the 
auditory analyzer, the maxillofacial apparatus of 
children with hearing deprivation has a number of 
characteristic morphological features6,7. The use 
of facilitated diagnostic methods for certain 
dental and orthodontic diseases is most 
appropriate in this category of patients8. 
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The key to success in orthodontic 
treatment is early diagnosis of morphological and 
functional disorders 9, which has the potential for 
long-term occlusal stability10. 

In today's conditions, the study of the 
muscles of maxillofacial area in normal 
conditions and with various pathologies of the 
bite are gaining the greatest relevance among 
scientists all over the world, and the most 
common method of functional muscle research is 
electromyography, which is used to control the 
reorganization of the coordination ratios of the 
functions of temporal and masticatory muscles in 
the treatment of bite anomalies 11,12.  

In dentistry, local global (surface) 
electromyography is most often used to collect 
and record action potentials and measure muscle 
activity. The main advantage of surface 
electromyography for the deaf is the 
painlessness of the technique 13. 

The aim of the study. We set ourselves 
the goal of determining the functional state of the 
musculus masseter and musculus temporalis of 
children with hearing deprivation in a state of 
physiological rest and during a static test of 
maximal voluntary jaw clenching. 
 

Materials and methods 
 
We performed surface electromyography 

(EMG) of the musculus masseter and musculus 
temporalis in 25 children with hearing deprivation 
studying in the Poltava special boarding school 
for deaf children, Ukraine. The study was 
approved by the ethics committee of the Poltava 
State Medical University. Before the examination, 
all parents or representatives of the children gave 
informed consent for the examination. 

The studies were approved by the 
biomedical ethics commission of the Poltava 
State Medical University № 221 by 22.11.2023 
and were conducted in accordance with the 
written consent of the participants. The materials 
of the scientific work comply with the Rules of 
Humane Treatment of Patients in accordance 
with the requirements of the Tokyo Declaration of 
the World Medical Association, the international 
recommendations of the Helsinki Declaration on 
Human Rights, the Council of Europe Convention 
on Human Rights and Biomedicine, the Laws of 
Ukraine, the orders of the Health Ministry of 
Ukraine and the requirements of the Ethics Code 
of the Doctor of Ukraine. 

The average age of the examined was 
18.7±1.31 years. The following criteria were used 
in the selection of patients: 1) hearing deprivation 
(deafness); 2) absence of facial deformities; 3) 
absence of pathological periodontal diseases; 4) 
lack of orthodontic treatment. 

A clinical examination was mandatory 
before conducting the electromyography. The 
morphological state of the maxillofacial area was 
assessed according to the generally accepted 
algorithm for examination of an orthodontic 
patient. The diagnosis of bite pathology was 
determined according to the Angle classification. 

All patients had Class I and Class II 
occlusal relationships according to Angle. All 
examined children with hearing deprivation had 
100% bite pathology. According to orthodontic 
pathology, they were divided into 2 groups: group 
1 - patients with dentoalveolar I class according 
to Angle, which made up 60% (n=15) of the total 
number; group 2 - patients with dentoalveolar II 
class according to Angle - 40% (n=10). 

For the control group, the data of the 
study of patients without hearing pathology with a 
permanent physiological occlusion and with 
occlusion pathology of the I class and II class 
were used, determined by M.I. Dmytrenko 14. 

Examination of the bioelectrical activity of 
the masticatory muscles was carried out on a 
four-channel electromyographic complex "Neuro-
EMG-Micro", which is intended for the study of 
the human neuromuscular system by means of 
registration and analysis of electrical signals of 
muscles and nerves. The average values of the 
amplitude of oscillations (mcV) of muscle 
biopotentials on both sides were evaluated. 

During the tests, patients kept their head 
in a free position, without its support. To avoid 
fatigue between tests, patients were allowed to 
rest for at least 2 min. 

Bipolar surface silver electrodes with a 
diameter of 10 mm were placed on the most 
active zones of the examined muscles parallel to 
their fibers. Neuromotor active zones were 
determined by palpation during maximum jaw 
compression. To reduce the impedance of the 
electrodes, the skin was thoroughly cleaned and 
degreased before placing the electrode, and 
conductive paste was applied to the electrodes. 
Grounding was attached to the wrist, having 
previously moistened it with water. 

The signals were from the muscle activity 
of four tested muscles (right masseter (MR), left 
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masseter (ML), right temporalis anterior (TR), left 
temporalis anterior (TL)). Then EMG signals 
were recorded for further analysis. Muscle 
biopotentials were recorded for five seconds in 
tests: in a state of physiological rest and with 
maximum jaw clenching. 

Electrodes on the musculus masseter 
were fixed parallel to the muscle fibers 
approximately 3 cm above and in front of angle of 
the lower jaw, and on the musculus temporalis 
the electrode was fixed vertically along the front 
edge of the muscle corresponding to the fronto-
parietal suture (Ferrario et al., 1991) 15. 

The analog EMG signal was amplified, 
digitized and filtered. During the study, the device 
was directly connected to a computer that 
presented the data graphically and recorded 
them for further quantitative analysis. 

Measurement protocol. EMG activity was 
recorded in: 1) a position of physiological rest, 
without occlusive contact (Rest); calibration 20 
mcV. The patient rested with relaxed jaws and 
closed eyes for at least 2 minutes; 2) maximum 
arbitrary compression; calibration 200 mcV. 

Quantitative EMG analysis was also 
performed using the indices proposed by 
Ferrario, 1993 16. The index of asymmetry of the 
symmetric muscles of the musculus masseter 
and musculus temporalis (AS MM, %) and 
musculus temporalis (AS MT , %) and their total 
index (AStot MT MM , %). 

Asymmetry indices range from -100% to 
+100%, where a negative number indicates the 
dominance of the left muscle, and a positive 
number - of the right. We compared the relative 
contribution of the masseter and temporalis 
anterior muscles to the average values of the 
activity index introduced by Naeije et al. (1989) 
17. 

When the activity indices range from -
100% to +100%, a negative number indicates the 
predominant activity of the anterior temporal 
muscle, and a positive number indicates the 
predominant activity of the masticatory muscle. 
Physiologically, the pair is balanced by a similar 
pair on the other side, but if this balance is 
disturbed in any way, the rotation of the lower jaw 
in the horizontal plane follows. 

Statistical processing of the obtained 
results was carried out using the Student's 
criteria. 

 
 

Results 
 

The results of the study are presented in 
mcV as the average communicative voltage of 
muscle action potentials, which were used to 
analyze the degree of correlation of masticatory 
muscles in patients with hearing deprivation and 
hearing patients with occlusal relationships in 
these patients. 

The obtained normalized root mean 
square values of EMG in a state of physiological 
rest in children with hearing deprivation are 
shown in the table. 1. During clinical rest m. 
masseter in gr. 1 turned out to be more active 
compared to gr. 2. At the same time, the activity 
of the muscle on the right was higher in patients 
with class I, in contrast to patients with class II in 
which, on the contrary, the activity of m. 
masseter was higher on the left. 
 

 
Table 1. Average indicators (M±m) of the 
amplitude of biopotential oscillations (mcV) of the 
masticatory muscles in the research groups 
(state of rest). 
Note: *- significant difference between indicators at the p˂0.05 
level. 
 

In group 1, a balance was observed 
between the values of muscle activity m. 
masseter and m. temporalis. 

Average indicators of biopotential m. 
temporalis were slightly lower than biopotential 
m. masseter. The difference is statistically 
unreliable (Table 1). 

When comparing the amplitude of 
oscillations of m. masseter between children with 
hearing impairment gr. 1 and gr. 2 it is 
determined that under I class according to Angle 
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(gr. 1), biopotential is slightly higher than in 
children with hearing impairments of the 2nd 
class according to Angle (gr. 2). In m. temporalis 
also exceeded the indicators of biopotential gr. 1 
in comparison with gr. 2 (Table 1). 

Assessment of biopotential of the 
temporal muscle for symmetry showed the 
following: in gr. 1, the biopotential difference 
between both sides is insignificant, in group 2 
there is also activity of m. temporalis, and on the 
left it was higher without statistical significance of 
the difference (Table 1). 

 

 
Table 2. Average indicators (M±m) of 
biopotential oscillation amplitude (mcV) of 
masticatory muscles of persons with hearing 
deprivation and persons with normal hearing 
(state of rest).  
Note: *- significant difference between indicators at the p˂0.01 
level; 
         **- significant difference between indicators at the p˂0.05 
level. 

 
        Comparison of  EMG amplitude indicators 
of m. masseter in children with hearing 
deprivation and children with normal hearing and 
a physiological bite are presented in Table 2. A 
balance is observed between the values of 
muscle activity of m. masseter and m. temporalis 
both in patients with hearing deprivation and in 
patients with normal hearing, however, the 
activity of these muscles in the deaf is 2 times 
higher than in the hearing, the difference is 
statistically significant p˂0.01; p˂0.05 (Table 2). 
        Average values of biopotential of m. 
masseter of deaf children with malocclusion is 
more than 2 times compared to hearing children 
with a physiological bite with a statistically 
significant difference (р˂0.05). The same 
regularity can be observed in the estimation of m. 
temporalis in hearing-impaired children with 
malocclusion, where the indicators are 1.7 times 
higher than in hearing children with a 

physiological bite with a statistically significant 
difference (р˂0.05; p˂0.01) (Table 2). 

Assessment of symmetry m. masseter 
showed an excess of biopotential in children with 
hearing deprivation compared to hearing children 
with a physiological occlusion. In the work of M. 
temporalis regularity is confirmed statistically. 

When comparing the indicators of the 
muscle activity index (ACTIV, %) in the group of 
deaf people, a higher activity of m.masseter was 
found (positive value of ACTIV, %), while hearing 
persons have higher activity of m. temporalis. 

The action potential of the masticatory 
muscles in the static test of maximal voluntary 
jaw clenching in patients with hearing deprivation 
was analyzed. The obtained results of the 
amplitude of oscillations of the biopotential of the 
studied muscles indicate a slight decrease in the 
indicators of the amplitude of oscillations m. 
masseter and a slight increase in m. temporalis 
(Table 3). 
 

 
Table 3. Average indicators (M±m) of the 
amplitude of BP oscillations (mcV) of the 
masticatory muscles in the study groups 
(maximum voluntary compression test).  
Note: **- significant difference between indicators at the p˂0.05 
level. 
 

So, when testing the maximum arbitrary 
compression in gr. 1 (I class according to Angle) 
indicators of biopotential of m. masseter prevail 
over indicators of m. temporalis, however, we did 
not find a statistically significant difference. In the 
group 2, on the contrary, BP indicators of m. 
temporalis higher than of m. masseter (Table 3). 

If in children with hearing deprivation in 
group 1, biopotential indicators of m. temporalis 
prevailed on the right side, then in m. masseter, 
on the contrary, the indicators in the left muscle 
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were higher, we did not find statistical reliability 
(Table 3). 

And in group 2 (class II according to 
Angle) in deaf children, biopotential indicators of 
the studied muscles on the left were higher than 
on the right (Table 3). 

If you compare the BP of masticatory 
muscles in deaf children between gr. 1 and gr. 2, 
then the average values of m. temporalis at II cl. 
slightly higher indicators (Table 3). 
 

 
Table 4. Average indicators (M±m) of the 
amplitude of biopotential oscillations (mcV) of 
masticatory muscles of hearing-deprived and 
hearing patients (maximum voluntary jaw 
clenching).  
Note: *- significant difference between indicators at the p˂0.01 
level; 
         **- significant difference between indicators at the p˂0.05 
level. 
 
  When comparing the ASMM and ASTA 
asymmetry index indicators, it was established 
that in teenagers with hearing deprivation with 
occlusal pathology of the I class the right side 
dominates, that is, the masticatory muscles on 
the right (positive values of ASMM and ASTA), 
while with II cl. by Angle the right is dominated by 
m. masseter (positive ASMM values), and on the 
left m. temporalis (negative ASTA values). The 
difference in the ASTA index between the I class 
and II class has a statistically reliable. When 
comparing the indicators of the muscle activity 
index (ACTIV, %) in persons with deafness 
depending on the pathology of the bite during the 
test of maximum voluntary compression, it was 
established that in the first class according to 
Angle, the activity of the masticatory muscle 
prevails the II cl. according to Angle, the activity 
of the anterior temporal muscle prevails (р˂0.05). 

The study of the biopotentials of the 
masticatory muscles during the maximum 
voluntary squeeze test revealed a violation of 
physiological balance in patients with hearing 

deprivation. Lower indicators of the amplitude of 
biopotential oscillations of the masticatory 
muscles were noted (Table 4) than in the group 
of hearing persons with a physiological bite and 
hearing persons with bite pathology. Bioelectric 
activity of m. temporalis in persons with hearing 
deprivation is lower compared to the indicators of 
hearing people with a physiological bite and 
compared to hearing people with bite pathology. 
Indicators of m. masseter in deaf people is lower 
compared to hearing people with a physiological 
bite, and hearing people with bite pathology. The 
difference is statistically significant p˂0.01 (Table 
4). 

When comparing the asymmetry index 
(ASIM) indicators in the state of maximum 
voluntary compression in patients with hearing 
deprivation, a violation of the balance of the right 
and left muscles was established: greater activity 
of m was observed on the right side. masseter 
(positive values of the ASIM MM index, %), from 
the left - m. temporalis (negative values of the 
ASIM MT index, %). A statistically significant 
difference in the ASIM MM indices was noted in 
the group of patients with hearing deprivation 
compared to the group of hearing persons with a 
physiological occlusion (p<0.05) and in 
comparison with hearing persons with occlusion 
pathology (p<0.01). When comparing the 
indicators of the index of muscle activity (ACTIV, 
%) in persons with deafness during the test of 
maximum voluntary jaw clenching, a 
predominance of masticatory muscle activity was 
established (positive value of ACTIV, %), in 
contrast to hearing people, both with a 
physiological bite and with bite pathology, which 
have negative values. 
 
 Discussion 
 

The prevalence of maxillofacial anomalies 
in Ukraine ranges from 55.70–83.33% 18. Our 
research showed that occlusion pathology in 
children with hearing deprivation occurs in 100%, 
which is a confirmation of Đeri Aleksandra 
(2013), which indicates that occlusion pathology 
occurs more often in deaf children compared to 
healthy ones 19. 
     The conducted electromyographic study 
of masticatory muscles in teenagers with hearing 
deprivation allowed us to assess their range of 
variability, the symmetry of their work during rest 
and the functional test of maximum voluntary jaw 
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clenching. For the correct anatomical 
development of the mandibular apparatus and 
the correct chewing function, such factors as the 
development of the maxillofacial area and the 
development and influence of the muscles of 
maxillofacial area should be taken into account 
20. It is especially important to remember this 
during the orthodontic examination and treatment 
of children and adolescents with hearing loss due 
to the functional features of their maxillofacial 
area, which are mainly due to the slight or 
complete lack of use of the facial muscles during 
speech or due to their use of sign language 21. 
       Study of electromyographic activity of 
masticatory muscles in children with 
sensorineural hearing loss with bite pathology of 
the I class and II class according to Angle 
confirmed that the bioelectric activity of these 
muscles changes depending on the occlusal 
intermaxillary relations. However, statistical 
analysis did not confirm the presence of any 
significant differences between groups. In 
persons with hearing impairments and hearing 
loss at physiological rest, EMG indicators of m. 
temporalis is somewhat dominated by similar 
indicators of m. masseter. The trend of a slight 
increase in the potential in m. masseter on the 
left. The bioelectric activity of the anterior 
temporal muscle is lower in Class I occlusion 
compared to Class II occlusion according to 
Angle, which we associate with the 
morphological features of dystoocclusion and, as 
a result, impaired masticatory muscle function. 
        The conducted study showed that the 
functional state of the temporal and masticatory 
muscles of the deaf depends on the existing 
hearing pathology, namely hearing deprivation. 
Hyperactivity of the temporal and masticatory 
muscles at rest and a decrease in their activity 
during the maximum voluntary jaw clenching test 
were noted in patients with hearing pathology in 
comparison with hearing patients, regardless of 
the bite pathology present in them, with a 
statistically significant difference (р˂0.05; p˂ 
0.01). A decrease in the indicators of bioelectric 
activity of the chewing muscles may indicate their 
increased constant tension or insufficiently 
perfect function of muscle relaxation. 

It has been suggested that the anterior 
temporalis muscle is generally more active during 
natural function than the masseter muscle. The 
temporalis muscle controls the position of the 
lower jaw and contracts quite vigorously during 

chewing 22,23. At the same time, it is important to 
distinguish the asymmetry of the masticatory and 
anterior temporal muscles 16. 
        During the electromyographic study of 
masticatory muscles in deaf people with bite 
pathology, slight deviations in the position of the 
lower jaw during muscle relaxation were found on 
one side (right), where this difference exists, but 
it is not statistically significant. 

In this study, we established that the 
bioelectric activity of the anterior temporal muscle 
in the test of maximum voluntary compression is 
statistically significantly lower in persons with 
sensorineural hearing deprivation compared to 
hearing persons with occlusal disorders, the 
differences were significant at the p˂0,01. These 
findings are consistent with data from a study 
that reported lower electromyographic activity in 
the masticatory muscles of deaf individuals 21. 

The original asymmetry index  and its 
modifications are quite widely used in EMG to 
evaluate both healthy patients and patients with 
craniomandibular disorders, especially when it is 
necessary to compare the activity of paired 
muscles 17, 16. 

When evaluating the indicators of the 
asymmetry index of the masticatory muscles, a 
violation of the balance of the right and left 
muscles was established, namely, in deaf 
patients, greater activity of m. masseter is 
observed on the right and on the left - m. 
temporalis. The general index of asymmetry in 
persons with hearing deprivation indicates 
greater activity in them of m. masseter. 

The detected functional imbalance of 
masticatory and temporal muscles in patients 
with sensory deprivation is one of the 
pathogenetic mechanisms that led to the 
occurrence of bite pathology. 

In the orthodontic treatment of patients 
with hearing loss, it is necessary to use complex 
methods. At the same time as mechanical 
apparatus treatment, it is necessary to 
recommend functional elements and 
myogymnastic exercises that will lead to 
strengthening of the chewing muscles and 
normalization of their work. Training the chewing 
muscles will contribute to the correct formation of 
the biodynamic balance of the maxillofacial area. 
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 Conclusions 
 

Thus, the data obtained with the help of 
electromyographic research in the state of 
physiological rest indicate that there are changes 
in the functional activity of m. masseter and m. 
temporalis. Increased activity of masticatory 
muscles in a state of physiological rest in the 
deaf was noted in comparison with the activity of 
these muscles in patients with a physiological 
bite and normal hearing (р˂0.05); indicators of 
the amplitude (mcV) of the masticatory muscles 
slightly prevail over the temporal ones. The lack 
of speech function, namely the lack of articulatory 
training of the masticatory muscles, has a 
significant negative impact on the physiological 
formation of the human dentition system. 
Perhaps this fact is the explanation of 100% 
presence of malocclusion in deaf children. 

Depending on the type of bite in children 
with hearing deprivation, both with I and II class 
according to Angle, the amplitude indicators in 
the temporal muscles in a state of physiological 
rest have lower indicators compared to the 
masticatory muscles. A slight asymmetry was 
found in the work of the muscles gr. 2, however, 
the statistical reliability of the results was 
obtained only for m. temporalis on the right. In 
comparison with hearing children (physiological 
bite), the biopotential of m. masseter in deaf 
children prevails 2 times, and m. temporalis – 1.7 
times. 

At the same time, during the load 
(functional test of maximum voluntary clenching 
of the teeth) in persons with hearing deprivation, 
a significant decrease is observed in the activity 
of m. masseter and m. temporalis in comparison 
with the activity of these muscles in persons with 
normal hearing. In bite pathology of the I class 
and II class by Angle the right m. masseter  
dominates (positive values of ASMM), while at II 
class the right is dominated by m. temporalis 
(negative values). The general index of 
asymmetry in persons with hearing deprivation 
indicates greater activity in them of m. masseter. 

Detection and influence on the functional 
state of the masticatory and temporal muscles 
are important in the planning and orthodontic 
treatment of malocclusion in patients with 
sensorineural hearing loss. 

Surface EMG makes it easy and quick to 
detect asymmetry indicators even in patients with 
various types of malocclusion and allows the 

orthodontist to assess the effect of treatment, 
monitor patients and manage therapy, and make 
adjustments to the treatment plan. 
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