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Abstract: This study intends to investigate the relationship between otologic symptoms, in particu-
lar, tinnitus, and temporomandibular disorders (TMD). The literature studies during the previous
20 years had focused on the treatment and alleviation of the otologic symptoms and were limited to
randomized clinical trials, case reports, and prospective studies. The following Boolean keywords,
(tinnitus) AND (temporomandibular disorders OR temporomandibular therapy), were used in the
databases of PubMed, Scopus, and Web of Science between 2003 and 9 May 2023 with an English
language restriction. Results: The computerized search turned up 693 articles in total, and after
eliminating duplicates, reviewing them, and determining their eligibility, 20 papers were included.
Conclusion: The connections between temporomandibular TMD and tinnitus are numerous and
intricate. It is unclear whether TMD could be the source of tinnitus or only its symptoms. Tinnitus
may not always occur in persons with TMD, indicating that additional causes may potentially be
involved in its occurrence. The precise mechanisms behind the link between TMD and tinnitus need
to be clarified by additional study.

Keywords: tinnitus; craniomandibular disorders; craniomandibular disorders treatments; temporo-
mandibular disorders; temporomandibular joint

1. Introduction

The joint connecting the temporal bone and the mandible is known as the temporo-
mandibular joint (TM]), and it consists of two components separated by an articular disc
[1]. The TM] plays a fundamental role in facilitating various jaw movements, including
propulsion, lateral motion, and opening and closing of the mouth [1]. Temporomandibu-
lar disorders (TMD) represent a group of musculoskeletal conditions that affect the mas-
ticatory muscles, the temporomandibular joint, and related structures [1]. These disorders
manifest through symptoms such as pain in the temporomandibular joint area or nearby,
audible joint noises during mandibular movements, alterations in mandibular kinematics
(such as deviations in opening, closing, laterality, and protrusion), and other related
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issues [1]. Tinnitus, a condition characterized by the perception of sound without an ex-
ternal source, and TMD are two complex medical issues that can interact in significant
ways. Tinnitus, also known as “ringing in the ears,” represents a subjective symptom,
while temporomandibular disorders involve the complex musculoskeletal system of the
jaw and surrounding structures [2].

In a study on the relationship between TMD otological symptoms, the data indicate
that the prevalence of otologic symptoms (tinnitus, labyrinthitis, dizziness, loss of balance,
and deafness) is 87% [3,4]. Tinnitus is the most common symptom and it is associated with
25-65% of TMD cases according to the scientific literature f5—3H. Tinnitus can sometimes
be associated with somatic issues, even in the absence of hearing loss. This condition is
known as “somatic tinnitus” (ST) or somatosensory tinnitus [7,12,13]. Among the common
causes of ST are TM] and head and neck diseases [7,12,14-18]. In cases of ST, the patient
experiences altered somatosensory input from the temporomandibular joint or cervical
spine [19]. Some studies have explored the connections between the cochlear nuclei (CN)
and the somatosensory system in the cervical or temporomandibular region, providing a
physiological basis for ST [20-22]. Afferent fibers from the dorsal root ganglia or trigemi-
nal ganglion convey cervical somatosensory or temporomandibular information to the
brain and central auditory system. ST may be suspected when at least one of the following
is present in the patient’s medical history: (a) history of head or neck trauma; (b) tinnitus
associated with dental, jaw, or cervical spine manipulation; (c) recurrent pain episodes in
the head, neck, or shoulder girdle; (d) temporal coincidence of the appearance or increase
of both pain and tinnitus; (e) tinnitus worsening during inadequate postures while rest-
ing, walking, working, or sleeping; and (f) intense bruxism episodes during the day or
night [23].

Simons et al. additionally suggested that tight myofascial trigger point bands in the
deep masseter and lateral pterygoid muscles might be linked to middle ear injury [24].

Other authors claimed that the existence of this somatic modulation, as demonstrated
by voluntary movements or particular resistance tests, is a key factor in the diagnosis of
ST, if not the key factor [15,25]. The best way to identify ST is unclear because there are no
established guidelines for clinical evaluation [19].

TMDs can cause various symptoms related to the ears and auditory system due to
the anatomical proximity of the TMJ to these structures [26,27]. Sensations of closed ears
and referred pain can be attributed to the malfunctioning of the Eustachian tube and ten-
sor muscles [28,29]. Additionally, both the tensor muscles of the tympanic and palatine
veil are innervated by the trigeminal; therefore, deep pain affecting the structures of this
nerve can cause otological symptoms due to the brain stimulation [30-36].

It is unclear and still up for debate if craniomandibular problems and auditory symp-
toms relate to one another [37-39]. Some research indicates a decrease in otologic symp-
toms after receiving TMD treatments [8,37,40—-46], while other studies do not support this
association [47].

The aim of this study is to conduct a scoping review of the literature about the corre-
lation between tinnitus and temporomandibular problems.

2. Materials and Methods
2.1. Protocol and Registration

This scoping review was conducted according to the standards of Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) [48].

2.2. Search Processing

A search on PubMed, Scopus, and Web of Science was performed (Table 1) to find
papers that matched the topic of the relationship between tinnitus and TMD, dating from
1 January 2003 to 9 May 2023. The search strategy used the Boolean keywords: (tinnitus
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OR acuphen* OR acufen*) AND (“temporo mandibular disorder” OR “temporomandib-
ular joint”).

Table 1. Database search indicators.

KEYWORDS: A: tinnitus; B: acuphen®; C: acufen®; D: tem-
poro mandibular disorder; E: temporomandibular joint
Articles screening strategy Boolean Indicators: (A OR B OR C) AND (D OR E)
Timespan: from 1 January 2003 to 9 May 2023
Electronic databases: PubMed; Scopus; WOS

2.3. Inclusion Criteria

The following inclusion criteria were considered: (1) studies that investigated the re-
lationship between tinnitus and temporomandibular disorder, (2) randomized clinical tri-
als, retrospective and observational studies, (3) English language, (4) full text available.

Papers that did not match the above criteria were excluded.

The review was conducted using the PCC criteria:

. Population: adults, male and female, with tinnitus and TMD,
e  Concept: correlation between tinnitus and TMD,
¢  Context: public health care.

2.4. Exclusion Criteria

The exclusion criteria were as follows: (1) animal studies; (2) in vitro studies; (3) off-
topic; (4) reviews, letters, or comments to editors; (5) no English language.

2.5. Data Processing

Five reviewers (N.D.L., G.G., V.5, M.C,, and 5.B.) independently consulted the data-
bases to collect the studies and rated their quality based on selection criteria. The selected
articles were downloaded into Zotero (version 6.0.15). Any divergence between the re-
viewers was settled by a discussion with a senior reviewer (F.I.).

3. Results
3.1. Study Selection and Characteristics

The electronic database search identified a total of 693 articles (Scopus N = 355, Pub-
Med N =191, Web of Science N = 147), and no articles were included through the hand
search.

After the deletion of duplicates, 376 studies were screened by evaluating the title and
abstract, focusing on the association between tinnitus and TMD.

There were 323 articles that did not meet the inclusion criteria (316 off topic, 33 re-
view, four not in English) and two reports not retrieved, leading to 21 records being se-
lected. After an eligibility check, one record was eliminated and 20 records were selected
for qualitative analysis. The selection process and the summary of selected records were
shown in Figure 1 and Table 2, respectively.

Among the included studies, eight papers examined the correlation between tinnitus
and TMD, suggesting a causal role of TMDs in the onset and maintenance of tinnitus
[1,14,15,49-53].

One study investigated the relationship between tinnitus and subtypes of TMD in
patients with TMD. Patients with TMD might have a higher incidence of tinnitus when
they present with PTF (type 1) [54].

Another study, on the other hand, indicated a higher incidence of tinnitus among
patients with TMD, potentially related to a reduction in glenoid fossa depth [55].

Four studies have evaluated the treatment effect of temporomandibular joint disor-
ders when tinnitus is found, showing improvement after therapy [3,56-58].
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Several authors have highlighted the psychological implications of TMDs and tinni-
tus, evaluating the incidence of stress on the onset of these pathologies and the impact on
treatment. In addition, the incidence of depression in these patients has been discussed

[50-53,59-62].

Two studies explored gender differences in the onset of TMD [52,61]. Female patients
with TMD had a higher incidence of risk than male patients with TMD [52].
One paper described two cases of TM] herniation that had tinnitus as an initial symp-

tom and were treated differently [63].

Finally, a paper in 2020 described a rare case of tinnitus induced by chewing [64].

{ Identification of studies via databases and registers ]
SR
f=i
= Records identified from: Records removed before
8 PUBMED (n=191) screening:
= SCOPUS (n=355) —| Duplicate records removed
& WEB OF SCIENCE (n=147) (n=317)
k=) Total (n=693)
—
T
v
Records excluded
Records screened » | Off topic (n = 316)
(n=376) Reviews (n=33)
No english (n=4)
v
g’ Reports sought for retrieval Reports not retrieved
S (n=23) (n=2)
g
o
(77}
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Figure 1. Literature search Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) flow diagram and database search indicators.

Table 2. Descriptive summary of item selection.

Authors Type of Study Study Design

Conclusion

Fifteen patients with dysfunctional
myofascial pain syndrome and ear
symptoms make up group (A).
Sobhy et al., 2004 [56] A case-control study Fifteen patients in group (B) with
disc dislocation, click, otalgia, or
tinnitus. Occlusal splints, muscle
relaxants, and anti-inflammatory

Before starting treatment, all of the
patients in group (A) experienced
otalgia. Ten patients were pain-free
following therapy, five of whom
saw a significant reduction in pain
from severe to mild. Eight patients
in group (B) no longer had pain,
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medications were used to alleviate
jerks when opening or closing the
mouth as well as otalgia or tinnitus.

and seven saw a reduction in pain
from severe to mild.

Webster et al., 2011 [57] study

A prospective cohort

The patients’ age, gender, and
tinnitus characteristics —the location
of the symptom and the duration of

time—were examined and an

There was a significant decrease in
tinnitus recognition by patients un-
dergoing treatment for temporo-
mandibular dysfunction.

audiometric assessment was
performed. Tinnitus intensity was
assessed by a digital analogue scale
before and after TMD treatment.

Vielsmeier et al., 2011
[49]

A case-control study

In this study, the investigators
compared 61 tinnitus patients
without subjective complaints to a
group of 30 patients with TM] and
tinnitus. With relation to
demographic and clinical
parameters, 61 patients with tinnitus
but no subjective complaints were
studied for mandibular joint
dysfunction.

Patients with tinnitus who also had
TMD had better hearing and tended
to be female. In the sample that was
looked at, 28% of the patients had
TMD, while 72% did not.

Hilgenberg et al., 2012  An observational

In the tinnitus group, 40% of pa-
tients had severe depression, 30%
had moderate depression, and 58%
had typical levels of the illness.

By assigning a score ranging from 0
to 100, the Mann—-Whitney test was
performed to examine the

[51] study correlation between the severity of ) T )
. High tinnitus severity levels were
otological symptoms, the level of . . .
. L substantially correlated with pain
depression, and tinnitus. . .
intensity.
The demographic, tinnitus, and  In tinnitus patients with TMD, tra-
audiological traits of 1204 tinnitus ditional risk factors for tinnitus such
patients from the Tinnitus Research as older age and male gender are
Vielsmeier et al., 2012 A retrospective Initiative (TRI) Database with and less important. Tinnitus with TMD
[14] study without subjective TM] symptoms  represents a subgroup of tinnitus
were collected and compared using that is most frequently masked by
questionnaires and numerical somatic maneuvers and music or
ratings. sound stimulation
Students with TMD symptoms were
divided into seven groups: clicking
only, TM]J pain only, difficulty
opening the mouth only, clicking TMD svmptoms were shown to be
Akhter etal, 2013 A randomized clinic and pain, clicking and difficulty ymproms .
. . oo substantially linked to auditory
[50] trial opening the mouth, difficulty
. ) symptoms and headache.
opening the mouth and pain, and
combination of three symptoms. The
participants in the control group did
not have any TMD symptoms.
. The Temporomandibular Disorders Painful temporomandibular prob-
A cross-sectional, . o .
Fernandes et al., 2013 .. Research Diagnostic Criteria TMD lems, severe depression, and self-re-
clinically based . . . . o
[60] was classified using Axis I, while ported tinnitus are all strongly

study

self-reported tinnitus and linked.




Appl. Sci. 2023, 13, 8997 6 of 14

depression levels were scored using
Axis IL
A questionnaire with a series of
questions was used to gather
A prospective cohort information about somatic tinnitus,

In the questionnaire, 108 out of the
671 individuals claimed they could

Ward et al., 2015 [15] control their tinnitus using somatic

tud d f 0 to 100
Sy ar} a score tom 7 10 was' exercises. Therefore, 16.1% of the
assigned based on how severe it ) L
was population had tinnitus.

Higher age, hearing loss, and male
Patients with TM] disorder suffered gender have all been identified as
from hearing loss, and degenerative risk factors for tinnitus.
and vascular ear disorders were  Female TMD patients had a greater

A retrospective pop-
Lee etal, 2016 [52] ulation-based cohort

tud
sty compared with the control patients. risk incidence than male TMD pa-
tients.
PTF (type 1) might b iated
Cakur A comparative  CBCT pictures were examined based . ( ype ) mig D¢ assoctate
et al., 2016 [54] stud on PTF subtype diagnosis with an increased incidence of
i Y type diagnosis. tinnitus in patients with TMD.
A number of 485 medical records . .
. _ A high prevalence of otological
Kusdra A retrospective  and data (gender, age, and otologic . ) e
symptoms (in particular tinnitus)
etal., 2018 [1] study symptoms) were collected and . .
was found in TMD patients.
analyzed.
The authors describe two cases of In the case of surgery, the bone can
Lim, et al,, 2019 [63] A clinical case ™]J hern_iatio'n tl.u'ough IF th.'?t be obliteratef:l using tragal cartilage
presented with tinnitus and received  or the patient can be observed
different treatments. closely on an outpatient basis.
. The online survey consisted of a  Stress and the patients” psychophys-
An ob tional
Edvall et al., 2019 [62] no Sstfga tona combination of standardized ical state is an important risk factor
y questionnaires. in the increase of TMD —tinnitus.

Mastitication-induced tinnitus is
one of the probable signs of
spontaneous ejection of TMJ tissue
into the middle ear through a
prolonged tympanic hole.
Clenching the patient’s teeth causes
outward bulging of the TM], which
is accompanied with clicking
tinnitus.

Case of a 75-year-old patient who
complained of chewing-induced
popping tinnitus on the left side and
echoendoscope examination
revealed that the left tympanic
membrane was protruding
outwards due to
due to the clenching of the teeth.

Choi et al., 2020 [64] A clinical case

A total of 80 patients with TMD
were enrolled from a tinnitus clinic.
Van der Wal et al., 2022 A randomized clini- Patients were randomly assigned to

A treatment of TMD pain that al-
lows for a reduction in
tinnitus severity in patients with so-

[3] cal trial either the physical therapy with matic
occlusal SPhrlth iz;l? orthe control . 16 attributed to the TM].

A number of 53 adult patients with
bilateral or unilateral TMD
participated in the study, 30 of
whom had tinnitus and 23 of whom
did not.

Treatments used: HD-tDCS over 3
weeks’ time in six sessions,
psychological therapies were

The most frequent finding in both
groups (24 individuals with tinnitus
versus 15 without) was displace-
ment of the articular disc.

Lavinsky et al., 2020 A comparative
[53] study

Van der Wal et al,, 2020 A retrospective
[61] study

Males improved in the TRT +CBT
group.
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provided with a TRT +CBT
combination and a maximum of 18
sessions of orofacial therapy in 9
weeks.

Females improved in the HD-tDCS
(p =0.0009) and orofacial therapy

group.

Plaza-Manzano et al.,
2021 [58]

Randomized clinic
trial

A secondary analysis of a clinical
study was performed in 61 subjects
with TMD-related tinnitus to
determine the efficacy of
incorporating cervico-mandibular
manual treatment into exercise
coupled with an education program.

In people with TMD-related tinnitus

who received physical treatment,
baseline tinnitus severity, and local-
ized pressure pain threshold (PPT)
over the temporalis muscle were
predictive of clinical results.

Koparal et al., 2022 [55]

An observational
study

TC was used to assess 82 patients
with temporomandibular disorders
(TMD) (40 patients without tinnitus

and 42 patients with tinnitus).

The study revealed that decreased

glenoid fossa depth may be associ-

ated with a higher incidence of tin-
nitus in TMD patients.

Kong et al., 2022 [59]

A cross-sectional
study

Participants were divided into four
groups: those with no TMD and no
tinnitus, those with TMD but no tin-
nitus, those with TMD but no tinni-
tus, and those with both TMD and
tinnitus.

TMD and tinnitus both have a sig-
nificant influence on HRQoL in the
Korean population.

4. Discussion

Some studies have investigated the correlation between TMD and tinnitus by evalu-
ating whether treatment of TMD could benefit otological symptoms.

4.1. Association between TMD and Tinnitus

Vielsmeier et al. (2011) investigated the association between TMD and tinnitus by
comparing patients with tinnitus and proven TM]J dysfunction to people with tinnitus but
no subjective symptoms of TM]J dysfunction [49]. The results showed that tinnitus patients
with TM] disorder had better hearing function, were younger, experienced tinnitus at a
younger age, and were more frequently female. Additionally, their perceived tinnitus
loudness was lower, and more of them could modulate their tinnitus by moving their jaw
or neck. This suggests that TMJ dysfunction might play a causal role in the generation and
persistence of tinnitus. Therefore, the treatment of TMJ disorder could be a promising
strategy for addressing tinnitus from a causal perspective [49].

In another piece of research conducted by the same authors, individuals with tinnitus
and TMD were more likely to be female (with TMD: 54%; without: 33%), significantly
younger, and with an earlier onset of tinnitus than those without TMD [49]. In addition,
patients with tinnitus and TMD were more often able to mask tinnitus with sounds or
music (with TMJ disorder: 85%; without: 74%) and could more often modulate tinnitus
with somatic maneuvers (with TM] disorder: 48%; without: 30%) [14].

Kusdra et al. (2018) investigated the prevalence of ear-related symptoms in patients
with temporomandibular disorders (TMD) [1]. The researchers examined medical records
of 485 patients at a specialized center and found that 87% of TMD cases reported otological
symptoms, including tinnitus and ear fullness. The study provided evidence supporting
the connection between TMD and otological symptoms, despite the symptoms not being
directly caused by the ear [1]. A different study by Ward et al. investigated somatic tinni-
tus, which involves modulating tinnitus through somatic maneuvers, and showed a
higher proportion of individuals with pulsatile tinnitus (not related to the heartbeat), un-
der the age of 40, experiencing variations in tinnitus loudness, and having temporoman-
dibular joint (TMJ) disorder [15].
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Based on the data obtained from the studies examined, the prevalence of tinnitus
among TMD patients is estimated to be 37.4% [15,49,53,55].

4.2. Factors Influencing TMD and Tinnitus Association

Some authors identified specific factors influencing the TMD and tinnitus associa-
tion. Cakur et al. (2016) suggested that a certain type of TMD (PTF type 1) might be asso-
ciated with an increased incidence of tinnitus. The authors employed a tac cone beam
(CBCT) to assess the relationship between PTF subtype and tinnitus in TMD patients [54].
The study of Kijak et al. aimed to investigate the relationship between the displacement
of the condyle in the temporomandibular joint (TMY]), the structure and position of the
petrotympanic fissure (PTF), and comorbid tinnitus in patients with temporomandibular
joint and muscle disorder (TMD) [65]. The researchers enrolled 331 TMD patients (268
women and 63 men), with an average age of approximately 40 years for women and 38
years for men. They used imaging studies of the facial part of the skull to analyze the TMJ
and PTF configurations; around 10% of the TMD patients reported having tinnitus [65].

Lavinsky et al. (2020), using magnetic resonance imaging, found that patients with
TM]J dysfunction and tinnitus presented a displacement of the joint disc with greater re-
duction than those with TMD but without tinnitus [53]. Furthermore, in the study of Jin
Woo Choi et al. in 2020, the authors described a rare condition of chewing-induced tinni-
tus that occurs because of a defect in the normal ossification of the tympanic portion of
the temporal bone that creates a communication pathway between the external auditory
canal and the infratemporal fossa [64]. Instead, Koparal et al. aimed to use computed to-
mography (CT) to evaluate glenoid fossa depth and the horizontal angle of the ramus
mandible in patients with TMD with tinnitus and without tinnitus to determine the asso-
ciation between TMD and tinnitus [55]. It was found that the glenoid fossa depth was
decreased in patients with TMD and tinnitus compared to those with TMD only. This
suggests a possible link between TMD and tinnitus due to the close anatomical relation-
ship between the temporomandibular joint and the ear. Further research is needed to ex-
plore this association in more detail [55]. Another factor considered is the tympanic fora-
men or foramen of Huschke (FH), which is closed during the first five years of life [66].
The persistence of this defect can cause spontaneous herniation of the retrodiscal tissue of
the TMJ in the middle ear with consequent mandibular clicking and tinnitus enlargement
of the tympanic foramen, which can increase with age, resulting in tinnitus and hearing
loss, as assessed by Lim et al. [63]. Assessment by high-resolution TBCT of the external
auditory canal may be useful for diagnosis. Treatment in these cases requires surgery to
correct the defect, which can be obliterated using tragus cartilage [67].

4.3. Study on Socio-Economic Factors and Psychological Variables

The study by Edvall et al. explored socio-economic factors, phenotypic characteris-
tics, and psychological variables in tinnitus patients with or without TM] complaints [62].
TM]J issues were more common in severe tinnitus cases, indicating a strong link. Subjects
with TMJ complaints, mainly females, often attributed stress as the cause of their tinnitus.
They experienced more severe tinnitus symptoms, poorer psychological well-being, and
lower quality of life. This author uses TSCHQ (tinnitus sample case history questionnaire)
[62]. They also reported difficulty tolerating sounds, headaches, vertigo, dizziness, and
neck pain. These individuals often had pulsating or tonal tinnitus and somatic modula-
tion, which worsened with loud sounds and stress. Stress was suggested to contribute to
the co-occurrence and development of severe tinnitus, emphasizing dental care and stress
management in comprehensive treatment [62]. In 2013, Fernandes et al., in their study,
already demonstrated a strong link between tinnitus self-report, chronic severe TMD, and
severe depression. The RDC/TMD questionnaire (research diagnostic criteria for temporo-
mandibular disorders) was the test used [60]. These authors agree with Kong et al. (2022),
who investigated the relationships between TMD, tinnitus, and quality of life in adults
(nineteen years or older) using a nationally representative sample [59]. Participants were
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assigned to four groups: those with no TMD and no tinnitus, those with TMD but no tin-
nitus, those with TMD but no tinnitus, and those with TMD and tinnitus. The TMD and
tinnitus group referred to the major number of concerns in the normal activity, pain/dis-
comfort, and anxiety/depression aspects [59]. Clinicians should comprehend the idea that
tinnitus is a complicated, multidimensional developmental process encompassing numer-
ous physical, psychosocial, and environmental components to avoid using overly simpli-
fied techniques when diagnosing and treating tinnitus patients [59,60]. Another study by
Akhter et al. (2013) aimed to explore the connections between aural symptoms, headache,
and depression with temporomandibular disorder (TMD) symptoms through a survey
involving university students [50]. Finally, they reported that clicking-only TMD symp-
toms were linked to otalgia and depression and suggested the importance of considering
a functional assessment of the stomatognathic system in individuals experiencing unex-
plained aural symptoms and headache [50]. Hilgenberg et al. (2012) investigated the prev-
alence of temporomandibular disorders (TMD) and otologic symptoms in individuals
with and without tinnitus while also examining the impact of depression levels compar-
ing a tinnitus group with a control group [51]. The study revealed that 85% of tinnitus
patients showed signs of TMD, compared to 55% in the control group, and found a posi-
tive association between tinnitus severity, higher depression levels, and TMD [51].

4.4. Tinnitus Treatment

In 2020, Van der Wal et al. discovered significant gender differences in the treatment
results of numerous tinnitus care approaches [61]. Women in this study population have
demonstrated a better response to treatment after receiving successive HDtDCS (high-
definition transcranial direct current stimulation) sessions. HD-tDCS is a unique non-in-
vasive brain stimulation technology based on the idea that mild intensity electric currents
applied to locations of the scalp generate underlying cerebral activity [61]. These findings
are consistent with those of Frank et al. (2012), who found greater benefits from frontal
tDCS in women [68]. Chun-Feng Lee et al. (2016) conducted retrospective cohort research
in 2016 on patients aged 20 years and older who had recently been diagnosed with TM]
dysfunction [52]. The authors suggested that TMD may increase the risk of tinnitus, but
they found age, sex, and comorbidities of hearing loss, noise impacts on the inner ear, and
degenerative and vascular ear illnesses as demographic characteristics and comorbidities
that may be related to tinnitus [52]. The incidence of tinnitus was greater in the TM]J dis-
ease cohort than in the control patient, and female TMD patients have a higher risk inci-
dence than male TMD patients [52]. Sobhy et al. (2004) conducted a case-control study
aiming to assess the aural manifestations in patients with TMD and the effect of TMD
treatment on tinnitus. Thirty patients were divided into two groups: Group (A) with my-
ofascial pain dysfunction syndrome, and Group (B) with disc displacement with reduc-
tion. In conclusion, this study highlights the importance of evaluating aural manifesta-
tions in TMD patients. The results suggest that conservative treatment of TMD can effec-
tively alleviate ear symptoms and improve the overall condition in these patients. In fact,
the incidence of ear symptoms (otalgia and tinnitus) significantly decreased after therapy
in both groups [56]. The same results were obtained by Webster et al. (2011), who found
a significant decrease in tinnitus symptoms after treating temporomandibular dysfunc-
tion [57]. The researchers conducted a prospective cohort study involving individuals
with TMD and tinnitus, and after dental treatment for TMD, there was a significant de-
crease in the intensity of tinnitus. Notably, tinnitus completely disappeared in four (26.6%)
patients [57]. Van der Wal et al. (2020) conducted a randomized clinical trial, demonstrat-
ing that treating TMD pain reduced tinnitus severity in patients with somatic tinnitus at-
tributed to the temporomandibular joint. The same results were obtained by Webster et
al. (2011), who found a significant decrease in tinnitus recognition after treating temporo-
mandibular dysfunction. The researchers conducted a prospective cohort study involving
individuals with TMD and tinnitus, and after dental treatment for TMD, there was a sig-
nificant decrease in the intensity of tinnitus. Notably, tinnitus completely disappeared in
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four (26.6%) patients [57]. In 2020, Plaza-Manzano et al. evaluated the impact of physical,
clinical, psychological, and psychophysical factors on treatment results following the use
of cervico-mandibular manual therapy, education, and exercise in patients with TMD and
tinnitus [58]. The study highlighted the importance of baseline tinnitus severity and local-
ized PPT over the temporalis muscle as significant factors in predicting treatment out-
comes for individuals with TMD-related tinnitus undergoing physical therapy. Other pre-
dictors, such as sex and quality of life, also played a role but were less influential in the
treatment outcomes [58].

5. Conclusions

In conclusion, there are numerous and complex relationships between TMD and tin-
nitus. Even while some writers have questioned whether an issue with the TM] is the
actual cause of tinnitus or just one of its symptoms, research shows that there is a strong
correlation between the two illnesses. This study reveals that not all patients with TMD
will develop tinnitus, indicating that other factors may also contribute. Tinnitus is known
to be associated with advanced age, male gender, and hearing loss.

Numerous alternative processes have been used to explain the connection between
tinnitus and TMD. Tinnitus can be caused by the trigeminal nerve, which innervates the
TM]J, modulating the activity of the central auditory pathway. Tinnitus development may
also be influenced by structural anomalies, such as a shallower glenoid fossa or flaws in
the ossification of the temporal bone. Additionally, there is evidence that stress and brux-
ism may share a same ethology with tinnitus and TMD.

Physical therapy, manual therapy, exercise, education, and surgical intervention are
some of the different treatment modalities for TM]-related tinnitus. Studies have demon-
strated that a multidisciplinary strategy that incorporates several medicines can enhance
clinical results. With some encouraging results, repetitive transcranial magnetic stimula-
tion (rTMS) has also been researched as a potential treatment option for tinnitus.

According to data in the literature, occlusal splints do not contribute to the improve-
ment of tinnitus symptoms.

Tinnitus has an impact on patients’ quality of life, so a multidisciplinary treatment
approach is necessary. A thorough approach to diagnosis and treatment is essential be-
cause both illnesses have been linked to significant levels of depression. Tinnitus is a com-
plex condition and treating it effectively and enhancing patients” wellbeing requires an
understanding of how it interacts with TMD.

To create more specialized and individualized treatment modalities, additional study
is required to clarify the precise mechanisms behind the association between TMD and
tinnitus. Large-scale, national-level investigations that take the influence on quality of life
into consideration are especially necessary. To effectively serve patients with TMD and
tinnitus and ultimately improve their quality of life, healthcare providers must increase
our understanding of this complex link.
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Abbreviations

CN Cochlear nucleus

FH Foramen of Huschke

MRI Magnetic Resonance Imaging

TBCT Tetrahedron Beam Computed Tomography

TC Computed Tomography

TMD Temporomandibular Disorders

T™] Temporomandibular Joint

PTF Petrotympanic Fissure

HD tDCS High-Definition Transcranial Direct Current Stimulation
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