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Background. Structures of temporomandibular joints and ear have a common phylogenetic origin. Muscular imbalance in 
the area of masticatory muscles may lead to tinnitus.
Objectives. A comparison of muscular tension and masticatory muscles asymmetry between women with tinnitus and without tin-
nitus. 
Material and methods. From a group of 96 examined responders, we found 32 women (aged 22 ± 2 years) who exhibited no tem-
poromandibular joint disorders and who had not been treated otolaryngologically. The examined women were then placed within two 
groups: with tinnitus (16 people) and without tinnitus (16 people). Next, we examined the muscular activity in the temporomandibular 
muscles by way of sEMG at rest, when the teeth were clenched and when the mouth is opened maximally. To assess muscular asym-
metry, the asymmetry index was used.
Results. Despite the lower bioelectrical muscular tension of masticatory muscles at rest and during the examined functions in people 
with tinnitus, the results were not important statistically (p > 0.05). However, we observed crucial statistical differences in masseter 
muscle asymmetry in people with tinnitus when clenching teeth (p = 0.042), and in the number of people with muscle asymmetry in 
the area of the masticatory muscles at rest (p = 0.012) and when teeth are clenched (p = 0.013), in comparison to a healthy group.
Conclusions. There is a relationship between changes in the asymmetry index of the masticatory muscles and the occurrence of tin-
nitus. In order to confirm the results, we recommend further examination in this area and longer observation time.
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Background

Tinnitus (otalgia) is the perception of the sensation of the 
sound without any acoustical external factors. This problem 
may affect 10 to 17% of the entire population [1] and about 1 in 
10 adults. Duration of exposure to noise in the workplace and 
at leisure is correlated with the frequency of tinnitus and are its 
probable risk factors [2]. Many people get used to the phantom 
sound, but tinnitus seriously worsens the quality of life of about 
1–2% of all people [3]. Tinnitus may be experienced as squeaks, 
whistles, chirps, bubbling sounds, pulsations, howls, paper rus-
tling, or sea humming [4]. Evidence from animal models and the 
examination of people with tinnitus indicate that while dam-
age of cochlea is a trigger, the majority of tinnitus cases are not 
generated by irritant processes persisting in the cochlea, but by 
changes that occur in the central auditory tracts. Research on 
the molecular mechanisms that underlie neuronal changes in 
tinnitus are at a very early stage and constitute a limit for re-
search [5]. 

It is worth noting that tinnitus does not have to be associ-
ated with otogenic factors. The constant perception of sounds 
can lead to deterioration of mental state, stress and depressive 
disorders in 6 to 25% of all people affected by this disorder [6]. 
Tinnitus may be caused or modulated by the stimulation of 
omatosensory, somatomotor, and visual-motor systems [1, 7]. 

In tinnitus, the role of hyperactive muscle tissues stimulated 

through trigger points has been noted [8–10]. Strong spasms 
of the temporomandibular joint (TMJ), head and neck and ex-
tremities, vertical or horizontal eye movements and activated 
trigger points may temporarily modulate the psychoacous-
tic features of tinnitus [11, 12]. Neuroplasticity seems to play  
a central role in this modulation capability, suggesting that ab-
errant interactions between sensory modalities, sensory-motor 
systems and neurocognitive and neuromuscular networks may 
contribute to the development of somatosensory tinnitus [11]. 
In patients with temporomandibular joint disease, a constant 
improvement in tinnitus symptoms was observed after the tar-
geted therapy of temporomandibular disorders. Somatosensory 
tinnitus is often overlooked by otolaryngologists and is not fully 
investigated during the diagnostic process [11]. 

Temporomandibular joint disorder is a dental disease that 
can also be considered a population disease because of its 
chronic and widespread prevalence. Increasing otolaryngologi-
cal symptoms such as sudden loss of hearing or loss of hearing, 
the feeling of ear blockage and pain in the ear, pain and burning 
in the throat, difficulties in swallowing, tinnitus and dizziness are 
more and more often observed with this disorder. This confirms 
earlier information about somatosensory tinnitus Undoubtedly, 
it constitute a diagnostic and therapeutic difficulty [12]. There-
fore, the study of the relationship between masticatory muscle 
activity and laryngological disorders may be important in terms 
of diagnosis and treatment of tinnitus.
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Objectives

The aim of the presented study is to compare muscular ten-
sion and masticatory muscles asymmetry between women with 
and without tinnitus.

Material and methods

Participants

A  group of 96 people volunteered to be examined. They 
were first generally assessed medically and then dentally in ac-
cordance with the Polish version of a dual-axis system for the di-
agnosis of temporomandibular disorders (RDC/TMD) [13]. From 
the above-mentioned group, we recruited 32 healthy women 
(aged 22 ± 2 years) without temporomandibular disorders (TMD) 
or neurological, otolaryngological, and mental disorders, while 
64 people were excluded from the study. Based on RDC/TMD 
protocol [13], the study group was divided into two parts: with-
out tinnitus (16 people) and with tinnitus (16 people). 

Measurement 

The examination of temporal muscle (TA) and masseter 
muscle (MA) bioelectrical tension was made utilizing an 8-chan-
nel surface electromyography apparatus BioEMG, supported 
by a BioPak Measurement system. The activity of masticatory 
muscles (TA, MM) was evaluated at rest, when the teeth were 
clenched (by biting upon a cotton dental roll) for three contrac-
tions lasting two seconds and during maximum opening of the 
mouth 3 times per two seconds. The methodology of sEMG 
examination was in accordance with Wieczorek et al. [14]. To 
assess asymmetry in the TA and MM muscles, the asymmetry 
index from the model of Naeije et al. was included [14, 15].

Based on the results, the asymmetry index (AsI) was calcu-
lated using the formula below, wherein RMS means root means 
square: 

AsI = (RMSright- RMSleft)/(RMSright+ RMSleft) x 100.

Herein, the value of the index varies between +100 and -100. 
A positive value stands for a greater input from the muscles on 
the right side, whereas a negative value will indicate a greater 
input from the muscles on the left side. The results which equal 
0 indicate muscle equity between the right and left side [15]. 

Statistical methods

The IBM SPSS STATISTICS 21 program was used to prepare 
the statistical analysis. To analyse the sEMG results in the three 
conditions (during rest, clenched and maximum opening) and 
the index of asymmetry, ANOVA testing was applied. 

Permissions and ethics

This study was approved by the ethical committee of Medi-
cal University of Lublin, Poland (KE-0254/73/2017) and was in 
accordance with the Declaration of Helsinki for Human Research. 
All participants were informed about the procedures they would 
undergo and gave their consent to participate in the tests.

Results
The masticatory muscles (temporal and masseter) mean 

bioelectrical activity (µV) was found to be always higher in the 
healthy group than in the tinnitus group (at rest, while clenched 
and at maximum opening). However, these results were not sta-
tistically significant.

TA and MM muscles mean bioelectrical activity (µV) in the 
tinnitus group was lower than that in the healthy group (at rest, 
while clenched and at maximum mouth opening), however, the 
results were only statistically significant (p < 0.05) within the 
temporal muscle while the teeth were clenched (Tab. 2).

The mean value of the masticatory muscle asymmetry index 
(temporal and masseter at rest, while clenched and at maximal 
mouth opening, indicates the extent of muscle activity. In the 
tinnitus group, while at rest, there was more activity on the op-
posite side. These results, however, were not important statisti-
cally (p > 0.05) (Tab. 3).

The mean value of temporal muscle (TA) and masseter 
muscle (MM) asymmetry indicates the extent of muscle activity. 
In the tinnitus group, we saw variable temporal muscle activity 
while at rest and while clenching, the muscles were more active 
on the left side, but during maximal opening, they were more 
active on the right side. Important statistical differences were 
observed in the size of the asymmetry index between left and 
right side masseter muscles (p < 0.05) (Tab. 4).

Within the masticatory muscles, asymmetry while at rest 
was observed in 12 people in the tinnitus group and in 5 people 
in the healthy group (n = 16). In the function of clenching, in the 
tinnitus group there were 7 people with asymmetry and in the 
healthy group – one person. The results were important statistically  
(p < 0.05). Asymmetry during maximal mouth opening was observed 
in 5 people with tinnitus and in 6 people in the healthy group. The 
results were not important statistically (p > 0.05) (Tab. 5).

Table 1. The comparison of masticatory muscle (temporal and masseter) mean bioelectrical activity (sEMG) in the tinnitus group  
and in a healthy group at rest, while clenched and at maximum opening 
Group n Mean masticatory muscles 

activity (TA, MM): at rest 
(µV)

p Mean masticatory muscles 
(TA, MM) tension: teeth 
clenched (µV)

p Mean masticatory muscles 
(TA, MM): maximal opening
(µV)

p

With 
tinnitus

16 2.276 0.410 101.688 0.158 7.156 0.465

Without 
tinnitus

16 2.828 0.410 126.463 0.158 9 0.465

Table 2. A comparison of temporal muscle (TA) and masseter muscle (MM) mean bioelectrical activity (sEMG) in a group with tinnitus 
(1) and in a healthy group (2) at rest, while clenched and at maximum opening
Muscle n Mean sEMG activity:  

at rest (µV)
p Mean sEMG activity:  

teeth clenched (µV)
p Mean sEMG activity:  

maximal opening (µV)
p

TA (1) 16 2.649 0.742 99.059 0.040* 6.228 0.494
TA (2) 16 2.828 139.566 7.225
MM (1) 16 1.903 0.381 104.316 0.620 8.084 0.516
MM (2) 16 2.829 113.359 10.775

*the result important statistically.
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Discussion

Changes in masticatory muscles asymmetry and activity 
are dysfunctions in the biomechanical masticatory muscular 
system that can cause dysfunctions in neighbouring systems. In 
our examination, crucial statistical differences were observed 
in the asymmetry of the masticatory muscles (TA, MM): at rest 
and when the teeth were clenched. Such abnormal head area 
muscular activity and stimulation has an effect upon the oma-
tosensory, somatomotor and visual-motor systems, and can 
lead to and modulate tinnitus [1]. Our results are consistent 
with Teachey et al. [8] who put forward that tinnitus results 
from such muscular dysfunction. The observed lower average 
bioelectrical muscular tension may be caused by latent trigger 
points [16], and can be complacent with the affection of tinnitus 
trigger points [9, 10].

According to Majewska-Szaniec et al., hearing ailments 
without symptoms of hearing loss and with healthy good dental 
situation suggest the existence of a relationship between these 
ailments with disorders in the temporomandibular joints [17]. 
Buergers et al. point out that the frequency of tinnitus is 8 times 
higher in participants with TMD than in participants without 
TMD [19], while Ralli et al. noted that in patients with temporo-
mandibular joint disease and tinnitus, a constant improvement 
in tinnitus symptoms was observed after targeted therapy of 
temporomandibular disorders [11]. Attansio et al. add that when 
the most common causes of tinnitus, such as otological disor-
ders and neurological diseases, are excluded, the functionality 
of the temporo-mandibular joint can be accessed and ultimately 
any pathology treated for improvement in tinnitus, and even its 
termination [18].

In our study, such factors were excluded because the men-
tioned groups were examined for any potential TMD. However, 
a  change in the activity of the masticatory muscles that does 
not cause pain may have affected the occurrence of tinnitus. 
The people in our studies had altered muscle activity without 
pain, so they were not classified as having a temporomandibu-
lar disorder. However, change in masticatory muscles activity 
that persists for a  long time may lead to the development of 
dysfunctions in the stomatognathic system.

According to research done by Mapelli et al., patients with 
TMD had less muscle symmetry [20]. The above studies are 
consistent with the work of De Felício et al. according to which 
patients with TMD showed greater asymmetry between right 
and left muscle pair, and more unbalanced contraction activity 
of contralateral masseter and temporal muscles [21]. The re-
sults of research conducted by Mapella et al. and De Felício et 
al. are contradictory to our research. The subjects in the present 
study did not have symptoms of TMD, but in the tinnitus group, 
significantly more frequent muscular asymmetry was demon-
strated. This implies that, as observed in our research, a change 
in activity that does not cause pain in the muscle of mastication 
can also be associated with tinnitus. This may be the first signal 
of TMD formation, however, further research is needed on the 
subject of tinnitus and their correlation with muscle asymme-
try and TMD as there is a lack of publications on the change of 
muscle of mastication activity as indicated by sEMG. Were such 
a connection confirmed, however, that observation may help in 
the acceleration of clinical diagnostics and tinnitus tratment. 

Table 3. A comparison of the asymmetry index values of masticatory muscles (temporal and masseter) in a group with tinnitus  
and in a healthy group at rest, while clenched and at maximum opening 
Group n Mean values of asymme-

try index of masticatory 
muscles (TA, MM): at rest

p Mean values of asymme-
try index of masticatory 
muscles (TA, MM): teeth 
clenched 

p Mean values of asym-
metry index of mastica-
tory muscles (TA, MM): 
maximal opening

p

With 
tinnitus

16 -5.516 0.103 +3.903 0.682 +5.977 0.907

Without 
tinnitus

16 +3.649 +2.087 +5.436

	

Table 4. A comparison of the temporal muscle (TA) and masseter muscle (MM) asymmetry index values in the tinnitus group (1)  
and healthy group (2) while at rest, when clenched and at maximal opening 

Muscle n Mean values of asymmetry 
index: at rest

p Mean values of asymmetry 
index: teeth clenched 

p Mean values of asym-
metry index: at maximal 
opening

p

TA (1) 16 -14.009 0.063 -4.714 0.257 +4.308 0.761

TA (2) 16 +4.006 +1.938 +2.077

MM (1) 16 +2.977 0.956 +12.52 0.042* +7.647 0.826

MM (2) 16 +3.292 +2.237 +8.795

*the result important statistically.

Table 5. A comparison of the number of people with masticatory muscle (TA, MM) asymmetry in the tinnitus group and in the 
healthy group at rest, when clenched and at maximum mouth opening

Group n  Number of people with 
masticatory muscle asym-
metry during rest

p Number of people with 
masticatory muscle 
asymmetry while teeth 
clenched

p Number of people with 
masticatory muscle asym-
metry while at maximal 
opening

p

With 
tinnitus

16 12 0.012* 7 0.013* 5 0.721

Without 
tinnitus

16 5 1 6

*the result important statistically.
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Limitations of the study

The above work has several limitations. The study group is 
quite small (n = 32). In addition, the electromyographic study in-
cluded only two muscle groups (temporal, masseter). Moreover, 
future study should ascertain whether normalization of tension 
within the face would reduce the intensity of tinnitus. Still our 
research will provide the opportunity to establish a causal rela-
tionship between the masticatory muscle activity and tinnitus. 
Were this confirmed, it can significantly improve the diagnostic 

possibilities and programming of therapy in people with tinnitus 
associated with the activity of the masticatory muscles. 

Conclusions

There is a relationship between changes in the asymmetry 
index of the masticatory muscles and the occurrence of tinnitus. 
In order to confirm the results, we recommend further examina-
tion in this area and longer observation time.


