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Abstract
Background: Although the association between tinnitus and temporo-mandibular dis-
orders (TMD) has been frequently reported, their rate of association in the literature 
shows a great variability.
Objective: We aimed to investigate the prevalence of TMD in patients with soma-
tosensory tinnitus and, vice versa, the occurrence of somatosensory tinnitus in pa-
tients with TMD.
Methods: The study included patients with somatosensory tinnitus (audiological 
group) and patients with TMD (stomatological group), evaluated at the audiologic 
and stomatologic clinics of the Policlinic Hospital of Milan, Italy. Common causes of 
tinnitus, such as hearing and neurological disorders, were excluded. A cervicogenic 
somatic tinnitus was also ruled out. Different TMD symptoms, including joint noise 
and joint pain, were considered. The collected data were analysed using descriptive 
statistical methods, and the Pearson's Chi-squared test was performed to study the 
prevalence of the different symptoms by clinical groups.
Results: Audiological group included 47 patients with somatosensory tinnitus. Overall, 
TMD was diagnosed in 46 patients (97.8%), including TMJ noise in 37 (78.7%), clench-
ing in 41 (87.2%) and pain in 7 (14.8%) patients. Stomatological group included 50 pa-
tients with TMD, including joint noise in 32 (64.0%), clenching in 28 (56.0%) and TMJ 
pain in 42 (84.0%) patients. A somatosensory tinnitus was diagnosed in 12 (24.0%) 
patients.
Conclusion: Our study showed a high prevalence of TMD in patients with tinnitus, 
as well as a not uncommon occurrence of tinnitus in patients presenting with TMD. 
The distribution of TMD symptoms, such as joint noise, and joint pain was different 
between the two groups.
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1  |  INTRODUC TION

Tinnitus is the conscious awareness of a tonal or composite noise 
for which there is no identifiable corresponding external acoustic 
source. Tinnitus is a heterogeneous condition with respect to its per-
ceptual characteristics, causes and comorbidities.1 One viable ex-
planation of this heterogeneity is the existence of multiple tinnitus 
subtypes, which can be classified according to their clinical profiles, 
aetiologies and response to treatment.2–6

A specific subtype of tinnitus is somatosensory tinnitus (ST), 
where somatosensory input from the upper cervical spine or tem-
poromandibular area influences the tinnitus percept through exist-
ing brainstem connections. Both the auditory and somatosensory 
systems converge upon and interact within the DCN. If the ac-
tivity of the DCN's somatosensory-interacting fusiform cells ex-
ceeds an individual's tinnitus threshold, then tinnitus results.7 This 
neurophysiological pathway could explain the greater prevalence 
of tinnitus in patients with temporomandibular disorders (TMD) 
(30.4%–64.0%), compared with the prevalence in the general pop-
ulation.8–13 However, other literature data report an extremely wide 
range of the prevalence of tinnitus in patients with TMD, ranging 
from 3.7% to 76.0%.14–18

The first aim of our study was to investigate the prevalence of 
TMD in patients with somatosensory tinnitus. The second aim was 
to evaluate the occurrence of somatosensory tinnitus in patients 
coming from different clinical settings.

2  |  MATERIAL S AND METHODS

The study included patients with somatosensory tinnitus 
(Audiological group) and patients with TMD (Stomatological group), 
evaluated at the audiologic and stomatologic clinics of the Policlinic 
Hospital of Milan, Italy, and referred to the tertiary university stoma-
tognatic unit for the evaluation, diagnosis and treatment.

Audiological group patients were selected from a population 
of patients referred to the audiologic clinic for tinnitus, with the 
diagnosis of somatic tinnitus based on the audiologic evaluation.19 
Common causes of tinnitus were excluded by the audiologist, such 
as hearing loss, Meniere's disease, progressive middle ear pathology 
and intracranial disorders. Patients with cervicogenic somatic tin-
nitus were excluded from the study, as suggested by other authors 

for the differential diagnosis with TMD,19 which can also be asso-
ciated with somatosensory tinnitus.20 All patients in audiological 
group were then referred to the stomatologic clinic to investigate 
the presence of TMD. Stomatological group patients presented to 
the stomatologic clinic for TMD symptoms.

According to the diagnostic criteria for temporomandibular 
Disorders Axis I (DC/TMD),21 TMD was diagnosed as any con-
dition associated with pain and dysfunction of the masticatory 
muscles or the temporomandibular joint (TMJ).22 Bruxism or 
clenching, which are an oral parafunction often related to TMD, 
were also evaluated.23,24 All patients completed a written ques-
tionnaire providing information on different TMD symptoms 
(joint noise, joint pain and functional limitation), as well on the 
presence of tinnitus.

The patients with tinnitus were then referred to the audiologic 
clinic to exclude alternative or concurrent causes of tinnitus.

2.1  |  Statical analysis

All statistical analyses were performed with the statistical software 
SPSS (SPSS 25.0, SPSS Inc.). The collected data were analysed using 
descriptive statistical methods to study the prevalence of the dif-
ferent dysfunctions by clinical group. Chi-squared test was used for 
categorical variables, a difference of p > .001 has been considered 
statistically significant.

The participation in the study for both groups was voluntary 
and anonymous. Patients signed a written informed consent for the 
publication of the results. The research was conducted according to 
the guidelines of the Declaration of the World Medical Association 
Declaration of Helsinki of 1975, as revised in 2008; all the proce-
dures have been approved by the Ethical Committee (Area 2, Milano, 
Italy) of the Fondazione IRCCS Ca′ Granda Ospedale Maggiore 
Policlinico (IRB: 653).

3  |  RESULTS

A total of 97 patients (63 women), mean age 39.6 years (SD 15.6, 
range 9–82) were included in the study. Clinical features of our pa-
tients are summarized in Table 1, along with the results of Pearson's 
Chi-squared tests.

TA B L E  1  Prevalences of tinnitus and 
of temporomandibular joint disorders 
(clenching, pain and noise) by groups in 
the study sample.

Stomatological 
(n = 50)

Audiological 
(n = 47)

χ2 p-Value% %

Tmj pain 84.0 14.9 46.3 <0.000

Tmj noise 64.0 78.7 2.6 0.110

Clenching 56.0 89.4 13.4 <0.000

At least one tmj problem 96.0 97.9 0.3 0.594

Tinnitus 24.0 100.0 58.7 <0.000
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Audiological group included 47 patients with somatosensory tin-
nitus. Overall, a TMD disorder was diagnosed in 46 patients (97.8%), 
including TMJ noise in 37 (78.7%), clenching in 41 (87.2%) and pain 
in 7 (14.8%) patients.

Stomatological group included 50 patients with TMD, including 
joint noise in 32 (64.0%), clenching in 28 (56.0%) and TMJ pain in 
42 (84.0%) patients. A somatosensory tinnitus was diagnosed in 12 
(24.0%) patients.

As reported in Table 1, the statistically significant difference in 
the prevalence of tinnitus between the two groups was related to 
the study construction, as the presence of tinnitus was the essential 
prerequisite for all patients in the Audiological group. The statisti-
cally significant difference in the prevalence of joint pain between 
the two group also seemed to be related to the patient provenance, 
that is if the patient was first admitted to the stomatologic clinic or 
referred to it from the audiological clinic.

On the contrary, the prevalence of TMJ noise did not reach a 
statistical significance but was extremely high in both groups.

At least one of TMJ disorder was observed in 97.9% of the audi-
ological patients but, in this group, the functional limitation criteria 
were always absent.

Regarding the parafunctional habit, clenching was observed to 
be statistically significant more evident in the audiologic group com-
pared to the stomatognatic group (p = .0001).

4  |  DISCUSSION

The main result of our study was the high prevalence of TMD (97.8%) 
in patients with tinnitus not explained by hearing and neurologic dis-
orders. Although it is known that the prevalence of tinnitus is higher 
in patients with TMD compared to general population,7–12 the re-
ported range of prevalence is extremely wide, ranging from 3.7% to 
76.0%.14–18 Finally, the distribution of specific TMD symptoms was 
different between patients first evaluated at the stomatologic clinic 
and those referred to it after evaluation at the audiologic clinic for 
tinnitus. Therefore, in our opinion, the great variability of association 
between tinnitus and TMD reported in the literature could be partly 
explained by selective admission of patients only to stomatologic or 
audiologic clinics, as well as the inclusion of distinct types of tinnitus 
in different studies. Indeed, a flow chart for somatosensory tinni-
tus has been primarily created as a tool for otorhinolaryngologists 
and audiologists who always have access to their patients' hearing 
thresholds, while it could be less useful in other clinical contests.25

The neurophysiological pathway of somatosensory tinnitus ex-
plains the high prevalence of tinnitus in patients with TMD8,11,12 in 
which the increased muscle tension in the masticatory muscles or 
pressure on myofascial trigger points, present in TMD, could evoke 
or modulate the tinnitus.13

Interestingly, our study shows a high prevalence of TMJ noise in 
patients with somatosensory tinnitus while, on contrary, joint pain 
was more common in patients first evaluated at the stomatologic 
clinic. This data could suggest a major role for the large diameter 

compared to small diameter nerve fibres in evoking or modulating 
the somatosensory tinnitus.26

Furthermore, high prevalence of pain in the stomatognatic group 
might confirm the hypotheses that TMD training centres have dif-
ferent groups.

In fact, the occurrence of somatosensory tinnitus in patients pre-
senting with TMD symptoms also resulted unexpectedly lower than 
in the other group (24.0%). A reason might be that a subclinical TMD 
was often detected only by physician examination in patients with 
tinnitus by the audiologists who could exclude other tinnitus causes.

Our study presents several limitations. First, the number of pa-
tients included in the study is relatively small. Second, we largely 
rely on self-reported information since no objective specific test is 
available for most tinnitus cases.27–29 Finally, we did not perform 
specific tests such electromyography of neck muscles, which can 
demonstrate altered activity in patients with TMD,30 to investigate a 
possible cervical spine dysfunction as concurrent cause of somato-
sensory tinnitus. For this reason, larger sample studies to evaluate 
the role of specific TMD symptoms in evoking or modulating the tin-
nitus are indicated.

Future studies are also needed to better investigate the influ-
ence of different subgroups explaining the prevalence of tinnitus by 
providing in a stomatological setting screening audiological tools.
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