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Chapter

Temporomandibular Joint 
Disorders and Tinnitus
Henrique F. Pauna, Maria S.A. Amaral and  
Miguel Â. Hyppolito

Abstract

Tinnitus is defined as a sound a person hears that is generated by the body, rather 
than by outside source. The word tinnitus is derived from the Latin “tinnire” mean-
ing “to ring” and is perceived as ringing, buzzing, or hissing in or around the ear(s). 
Approximately 50 million Americans are affected, while there is a prevalence of 
10% in the United Kingdom among adult population. It has multiple etiologies and 
is sometimes idiopathic. Tinnitus may vary widely to pitch, loudness, description 
of sound, special localization, and temporal pattern. Most often, tinnitus is associ-
ated with other aural symptoms, such as hearing loss and hyperacusis. Tinnitus may 
result in sleep disturbances, work impairments, distress. Males are more likely to 
suffer from tinnitus. In the mechanically demanding and biochemically active envi-
ronment of the temporomandibular joint (TMJ), therapeutic approaches are capable 
of restoring joint functionality. TMJ treatments including splints, occlusal adjust-
ments, and jaw exercises have been shown to be more effective than no treatment. 
The following chapter presents a synopsis of etiology, current treatment methods, 
and the future of tissue engineering for repairing and/or replacing diseased joint 
components, specifically the mandibular condyle and TMJ disc.

Keywords: tinnitus, temporomandibular joint, anatomical interactions, 
multidisciplinary approach, hypersensitivity

1. Introduction

Tinnitus is a sensation of sound perceived by the individual regardless of exter-
nal sound stimulus. It is a symptom present or considered as a manifestation of dif-
ferent diseases. It can be manifested as a simple noise with no clinical complaining, 
or intense enough to prohibit the social activities of the individual. Up to 50% of 
cases are tinnitus, the etiology of which is unknown, but often tinnitus is associated 
with hearing loss, trauma, or ototoxic medication leading to cochlear damage, with 
sustained neural changes in the central auditory system causing such lesions [1, 2].

The global prevalence of tinnitus reaches 14–32%. It occurs at all ages and 
increases with aging, which can affect both men and women alike. Approximately 
4% of the North American population suffers from a severe form of tinnitus [3, 4]. 
In a more recent meta-analysis, McCormack et al. found a prevalence of tinnitus 
ranging from 5.1 to 42.7%. They also found that tinnitus is commonly observed 
among elderly population (8–20% in individuals above the age of 60 years) [5]. 
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Disabling tinnitus was considered by the “Public Health Agency of America” in 
1984 and 1985 to be the third worst condition a person can have [6].

One of the most known classifications to address tinnitus is the one that address 
to its source of origin. Tinnitus can originate from the sensorineural hearing system 
and para-auditory system. Tinnitus classified as sensorineural origin occurs due to 
injury and/or functional breakdown in the sensorineural hearing system, whether 
in the inner ear or the central auditory pathways. Tinnitus originated from the para-
auditory system can be caused by vascular or muscular structures [7].

Tinnitus originated from the sensorineural hearing system is more frequent than 
the tinnitus originated from the para-auditory system and may be accompanied by a 
hearing loss (more frequently) or not [8].

2. Physiopathology of tinnitus

The pathophysiology of tinnitus of sensorineural origin has not yet been fully 
established, although some authors believe that tinnitus would be the result of an 
exacerbated neuronal activity in the auditory pathways, usually of an excitatory 
nature, which would be interpreted as sound by the auditory cortex [9].

Both expression and intensity of tinnitus are difficult to quantify, leading to 
diagnostic, prognostic, and therapeutic difficulties. Several methods of examina-
tion, such as clinical and laboratory tests, scales and questionnaires, have been 
proposed to measure the intensity of tinnitus [10, 11]. However, the internal 
contradictions of each of these methods, such as the imprecision of the tests, limit 
the possibility of establishing a safety application tool focused on the manifestation 
of these symptoms.

In 1995, Zenner and Ernst hypothesized that tinnitus generation was due to 
cochlear disorders caused by mechanical trauma or altered blood supply, leading to 
changes in the properties of inner ear hair cells, increasing spontaneous neurotrans-
mission, increasing the activity of the auditory nerve fibers, and, consequently, tin-
nitus [12]. Henry et al. described that central neuronal activity would be the basis 
of tinnitus. Deafferentation of the resulting VIII cranial nerve leads to a central 
increase of upward regulation, thus increasing spontaneous activity, burst activity, 
and neural synchrony of the central auditory system [13].

Connections between the dorsal column and trigeminal systems, where the 
projections end in the cochlear nucleus (CN), have been demonstrated [14, 15]. 
Excitation of the ventral CN (VCN) neurons in the absence of sound upon stimula-
tion of the trigeminal ganglion has also been documented, and others have shown 
both excitation and inhibition in dorsal CN (DCN) neurons [16, 17].

According to the animal theory proposed by Shore et al., cochlear damage 
triggers tinnitus by inducing aberrant stimulus to central auditory structures 
and increasing the spontaneous activity in the DCN and VCN neurons [15, 18]. 
The study also shows an increased activity in DCN fusiform cells as a result of 
upregulation of the glutamatergic somatosensory innervation or changes in glycine 
receptors [19].

Tinnitus can be a manifestation of a turbulent blood flow near to the auditory 
pathways, caused by a vascular pathology (such as fistulas or aneurysms) [8]. 
Tinnitus can also be caused by myoclonic activity of the muscles of the middle 
ear or the palate, or by functional alterations of the stomatognathic system (such 
as dental problems, alteration of the condyle position, or loss of the dental sup-
port). Individuals with temporomandibular disorders (TMDs) may complain 
of tinnitus in 33–46% of cases [3, 4]. TMD is related to occlusal, emotional, and 
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neuromuscular (in the mastication muscles). TMD pain may be a contributing fac-
tor in the generation of tinnitus, with great interest among many areas [4, 20, 21].

The pathophysiology of tinnitus caused by TMD, as well as the pathophysiol-
ogy of sensorineural tinnitus, is also a controversial subject. Some authors believe 
that tinnitus caused by TMD could be explained by many craniofacial nociceptive 
receptors (such as the ones present under the skin, fascia, periosteum, fibrous 
capsule, and temporomandibular joint (TMJ) ligaments). These receptors would 
be stimulated by mechanical forces that deform or alter the surrounding tissues 
resulting from the inflammatory process and ischemia [22, 23]. In addition, it was 
proposed that innervation plays a role in the vascular tone of cochlear blood vessels 
and may also provide a pathophysiological explanation for ear manifestations that 
occur in trigeminal nerve irritation as in TMD and may lead to tinnitus sensation 
[24, 25, 26].

3. Anatomical relationship of the ear and temporomandibular joint

Temporomandibular joint is a ginglymoarthrodial joint (meaning hinge joint 
which permits a gliding motion of the surfaces) that allows the movement in one 
plane—backward and forward. The TMJ forms a bicondylar articulation with an 
elliptical shape, and its articular surface is covered by a fibrocartilage (Figure 1) 
[27]. Movement is guided by the shape of the bones, muscles, ligaments and also by 
the occlusion of the teeth.

3.1 Mandibular component

It consists of an ovoid condylar process seated atop a narrow mandibular neck. 
It is 15–20 mm side to side and 8–10 mm from front to back. Thus, if the long axes 
of two condyles are extended medially, they meet at approximately the basion on 
the anterior limit of the foramen magnum, forming an angle that opens toward 
the front ranging from 145 to 160°. The articular surface lies on its anterosuperior 
aspect, thus facing the posterior slope of the articular eminence of the temporal 
bone [27, 28].

Figure 1. 
Left: General picture of the relationship of TMJ and other cranial structures. Right: A closer image of the 
components of the TMJ.
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The mandibular condyle varies greatly among different ages and individuals. 
Morphologic changes occur based on each individual’s development as well as 
remodeling secondary to malocclusion, trauma, and other developmental abnor-
malities [28].

3.2 Articular disc

The articular disc is a biconcave fibrocartilaginous structure located between the 
mandibular condyle and the temporal bone. The articular disc—the most important 
structure of the TMJ—is an oval fibrous plate. The superior surface of the disc is 
saddle-shaped to fit into the cranial contour, and the inferior surface is concave to 
fit against the mandibular condyle.

The disc is attached all around the joint capsule except for the medial and lateral 
condylar poles, which ensure that it moves in protraction and retraction [29].

Functionally, the condyle and the disc are seated more anteriorly. When the jaw 
is opened, the condyle moves down and forward (translates). The upper part of 
the retrodiscal attachment has a rather prominent vascular shunt, and this vascular 
network is contained within loosely organized fat, collagen, and elastin [30].

3.3 Fibrous capsule

This is a thin tissue completely surrounding the joint. On the lateral part of the 
joint, the capsule functionally limits the condyle to move forward. This capsule is 
reinforced more laterally by an external TMJ ligament, which also limits the poste-
rior movement of the condyle.

The synovial membrane covers all the intra-articular surfaces except the pres-
sure-bearing fibrocartilage. The lower and upper compartments form fluid-filled 
sulci in the joint. These sulci change shape during translatory movements, which 
requires the synovial membrane to be flexible [31].

3.4 Muscular component

The masticatory muscles surrounding the joint are groups of muscles that con-
tract and relax in harmony so that the jaws function properly. Different muscles are 
required for the opposite movements of the mandible. These muscles are abductors 
(jaw openers) and adductors (jaw closers). The temporalis, masseter, and medial 
pterygoids muscles are adductors, while the lateral pterygoids muscles are the 
primary abductors of the jaw.

4. Physiopathology of temporomandibular joint disorder

A large percentage of individuals with tinnitus report tinnitus modulation by 
TMJ and head and neck maneuvers. Up to half the patients who have TMJ dysfunc-
tion have tinnitus as one of their symptoms, and in these patients, success rates in 
eliminating these sounds approach 90%. This suggests that the auditory pathway 
inputs from the cranial nerves and upper cervical region of the spinal cord are more 
important in modulating tinnitus than the inputs from the caudal spinal cord [15].

It has been established that, while progressive and regressive, mechanically 
induced remodeling is a normal process early on. When the capacity for the joint to 
remodel has been exceeded, remodeling merges into osteoarthritis. Characteristic 
osteoarthritic changes observed in the TMJ include alterations in shape and overall 
size of joint components. Degenerative remodeling present in pathologic TMJs 
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may result from either decreased adaptive capacity in the articulating structures 
or from excessive or sustained physical stress to the articulating structures [32]. 
Microtrauma of the TMJ (which is caused by bruxism or jaw tightening) or macro-
trauma of the TMJ (punch to the jaw or impact in an accident) can lead to muscle 
inflammation, dislocation of the TMJ, or damage to the cartilaginous disc. Other 
inflammatory diseases, such as osteoarthritis, may cause degeneration of the 
cartilage and increased blood flow that may lead to a greater number of inflamma-
tory cells close to the TMJ and the ear. This increase in blood flow may be suggestive 
of tinnitus perception.

The TMD has as signs and symptoms the limitation of mouth opening, the 
presence of articular noises during its opening and/or closing, and pain in the 
musculature of the face and in the TMJ to chew, both uni- and bilaterally. TMD may 
be presented with chronic pain in the head and neck region, in the cervical region, 
and the TMJ itself [33].

There are three main theories behind why problems with the TMJ may cause tin-
nitus or make it worse. Firstly, the chewing muscles are near to some of the muscles 
that insert into the middle ear (tensor tympani muscle) and so may have an effect 
on hearing and so may promote tinnitus. Secondly, there can be a direct connection 
between the ligaments that attach to the jaw and one of the hearing bones that sits 
in the middle ear. Thirdly, the nerve supply from the TMJ has been shown to have 
connections with the parts of the brain that are involved with both hearing and the 
interpretation of sound. The general discomfort associated with TMJ problems can 
also aggravate any preexisting tinnitus.

Patients with tinnitus and TMD often have excessive somatic concern syndrome 
with complaints disproportionate to the severity of physical and clinical findings 
exacerbated by emotional disturbances and are often diagnosed as depression and 
anxiety. Studies indicate that patients with TMD report their auditory and ves-
tibular symptoms exacerbated, being alleviated by drug treatment and emotional 
control [34]. These patients demonstrate emotional imbalance, depression, and 
anxiety. They manifest periods of control of their symptoms. They present physical 
and cognitive limitations, and the intensity of the symptoms and signs oscillates in 
an uneven way, suffering the distinct influence of personal, family, professional, 
and social problems in their daily life [34].

5. TMD diagnosis and complementary tests

The diagnosis of TMD is clinical, being performed through the clinical history 
and complete physical examination of the joint with palpation, measurement of 
mouth opening movements, functional tests, and evaluation of joint noises. TMD 
patients were defined as those who had experience of TMJ symptoms over the pre-
vious year as indicated by the presence of one or more of the following symptoms:

a. clicking sounds in the auricular area during the past year,

b. pressure or pain in the auricular area during the past year, or

c. discomfort opening the mouth during the past year [35].

Functional disorders of the masticatory organs are often manifested by acute or 
chronic pain in and around the TMJ and/or masseter muscles. Impaired dynamics 
of mandibular movements is manifested as restricted or enhanced range of jaw 
openings, deviations in the course of abduction and adduction of the mandible, 
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and lack of symmetry of mandibular lateral movements. Acoustic symptoms within 
the joints, manifested as popping and cracking sounds, are an evidence of the lack 
of coordination between the articular head TMJ articular discs during mandible 
movements [2]. Patients with TMD characterize their tinnitus as acute, continuous, 
sporadic, of short duration, moderate intensity, and that generally did not interfere 
with their daily activities [36]. Otolaryngological symptoms are a less common 
group of dysfunction symptoms, including sudden hearing impairment or loss, ear 
plugging sensation and earache, sore and burning throat, difficulties in swallowing, 
and vertigo [3, 4, 6].

Due to the latter symptom, patients may experience fear when moving around. 
Tinnitus may be experienced as squeaks, whistles, chirps, bubbling sounds, pulsa-
tions, howls, paper rustle, or sea humming [7]. Facial pain and headache are one of the 
symptoms of the painful form of the functional dysfunction of the masticatory organ, 
commonly misdiagnosed and treated as pain of some other etiology [8–10]. The impact 
of the emotional factors in the development of TMD and common concomitance of 
otolaryngological symptoms should also be noted. Tinnitus, chronic facial pains, and 
dysfunctions were commonly reported in depressive patients [10, 12, 13, 37].

Imaging examinations can be performed to confirm the clinical diagnosis, as 
well as to verify the degree of impairment and integrity of the structures involved. 
In addition, imaging may also confirm the extent of TMD and assists to document 
the effects of the treatment already initiated [38, 39].

The imaging tests that may be requested are simple or panoramic X-ray of TMJ, 
CT, and MRI scans. Both simple radiography and panoramic jaw radiography have 
low-cost and low-radiation dose but have low sensitivity rates. They are indicated 
for initial evaluations of less complex symptoms and in the differential diagnosis 
between TMD and maxillofacial inflammatory conditions [38, 39].

CT scan is considered the “gold standard” for the evaluation of bone structures. 
This examination is necessary for evaluation in cases of sudden trauma, occlusal 
changes and limitation of mouth opening, the presence of joint noises, joint 
systemic diseases, infection, and failure in conservative treatments. Cone-beam 
computed tomography (CBCT) currently presents an increased indication during 
the evaluation of TMD [32, 38, 39].

MRI scan has been the method of choice for the study of TMJ pathologic processes 
involving soft tissues such as discs, ligaments, retrodiscal tissues, intracapsular syno-
vial contents, adjacent masticatory musculature, as well as the cortical and medullary 
integrity of the bone components, respectively, in the axial, coronal, and sagittal 
planes, and is highly sensitive for intra-articular degenerative changes [32, 38, 39].

5.1 Electromyography

Electromyography is the study of muscle function, obtained from electrodes 
placed on the surface of the skin around the muscle, and connected to an equipment 
for amplification and recording of signals and, therefore, an examination that is 
capable to verify the action potentials of the muscle fibers of patients. It is consid-
ered a safety, easy, and noninvasive method that objectively allows quantification 
of energy within the studied muscle. It can be useful to assess TMD changes and to 
follow-up after the established therapy [32, 38, 39].

6. Tinnitus diagnosis and complementary tests

Tinnitus should be evaluated according to a clinical questionnaire, character-
izing the type of tinnitus, laterality, continuity, whether there is modulation or not, 
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if there are associated symptoms (hearing loss, vertigo, previous exposure to noisy 
environments), improvement and worsening, and eating habits, in order to quan-
tify the limitations caused by tinnitus.

The prevalence of TMD was higher in patients with tinnitus and hearing dif-
ficulty symptoms than in patients without tinnitus or hearing difficulty, which is 
consistent with previous TMD studies where reports of auditory complaints are 
common [35]. Moreover, patients with TMDs were at a greater risk of developing 
tinnitus and symptoms of a greater severity than patients without TMDs [40]. 
Excessive mechanical irritation of the disco-mallear ligament is suspected to play 
a definitive role in the development of tinnitus in TMD patients [41]. Tinnitus has 
also been linked with pressure and strain from mastication and jaw movement [42]. 
In an audiological evaluation of aural symptoms in TMD, hearing loss was observed 
in up to 15–32% of TMD patients [35, 43]. A previous study by Riga et al. attrib-
uted the hearing difficulty in TMD cases to increase in resonant frequency in the 
tympanum ipsilateral to the TMD [44]. The association between tinnitus, hearing 
difficulty, and TMDs has thus been ascribed to a bidirectional delivery of mechani-
cal stimulation and stress due to anatomical proximity.

TMD prevalence was found to be higher in patients with dizziness/balance dis-
order than in those without. Otologic complaints most frequently cited with TMDs 
in the study are dizziness, tinnitus, ear pain, ear fullness, and hearing loss [35]. de 
Moraes Marchiori et al. reported that patients with TMDs are 2.38 times more likely 
to present with dizziness, and Chole et al. conducted a case–control study to deter-
mine whether dizziness is more common in TMD patients compared to age-matched 
controls, finding dizziness to be significantly more prevalent in TMD group [3, 45].

The otolaryngological examination should be performed with flexible fibros-
copy, verifying the palatal myoclonus. Laboratory tests should be performed with 
glucose and insulin curves, thyroid function tests, blood count, lipidogram, and 
audiometric tests (audiometry, impedanciometry, and acuphenometry), electro-
physiological examinations (auditory brainstem response, otoacoustic emissions, 
and eletrocochleography). Cervical spine X-ray, CT of ears, and carotid Doppler 
can be performed [46].

7. Integrated therapeutic approach

The difficulty of associating tinnitus and TMD is very much associated with 
the unilateral view of the professionals involved in patient care over the integrated 
multiprofessional approach [46].

In addition, another difficulty in managing such pathologies is that there is a 
high number of drugs for the treatment and control of symptoms related to tinnitus 
and TMD and that have as their side effects the very triggering of these, making 
diagnosis related to side effects or caused by congenital or acquired disease.

Patients with tinnitus and TMD complaints require careful attention and should 
be assisted by a multidisciplinary team of dentists, nurses, speech pathologists, 
ENT doctors, and psychologists. This approach is more effective in diagnosis, thera-
peutic plan, and prognosis by hierarchizing specific procedures of each professional 
to approach this patient [15, 46].

8. Results of multidisciplinary approach

Studies have shown benefits for treating tinnitus associated with TMD. Wright 
and Bifano, in 1997, studied tinnitus in patients with TMD and reported that 56% 
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were cured and 30% showed significant improvement with cognitive therapy 
and modulation through maneuvers [47]. Sherman et al. in 2001 found that TMD 
treatment resulted in greater improvement when combined with psychological and 
dental treatment, showing improved outcomes when combined with conventional 
dental therapy alone, implying that psychological factors should be taken into 
account in the treatment of TMD [48].

Stomatognathic treatment includes therapy of myorelaxant plaques, therapeutic 
exercises for lower jaw, and occlusal adjustment. Occlusal plaques, considered as 
reversible and noninvasive devices for the treatment of TMD, can regulate the verti-
cal dimension of occlusion and eliminate malocclusion. They contribute to muscle 
relaxation, pain relief, and promote neuromuscular stability [49].

Referral to dentists or orthodontists, referral to audiologists, utilization of hear-
ing aids or tinnitus-dampening devices, tinnitus-retaining therapy, music therapy, 
behavioral therapy related to reducing factors that lead to jaw clenching and brux-
ism, and osteopathic-manipulative treatment are all therapeutic options that can be 
considered. In addition, therapeutic options with less of an evidence basis such as 
acupuncture, tinnitus therapy, hyperbaric oxygen, and others may also be consid-
ered for patients who have not responded to other modalities [32, 49, 50].

Treatment through muscle relaxation, through massage and stretching exer-
cises, is reported by some authors. Other authors have shown good results with 
drug treatment (vasodilators, hemorrhages, calcium-channel blockers, anxiolytics, 
antiplatelet agents, anticonvulsants, and vitamins) [50]. Okeson et al., compar-
ing muscle relaxation therapies with the use of occlusal plaques, concluded that 
occlusal plaque therapy was more effective than muscle relaxation therapy in the 
treatment of temporomandibular disorders [51].

Somatic modulation therapy (treatment aimed at modulating the intensity 
of a particular symptom, by motion) and electrical stimulation in the treatment 
of tinnitus have recently been cited. The electrical stimulation of the skin areas 
near the ear could increase the activation of the dorsal cochlear nucleus through 
the somatosensory pathway, increasing the inhibitory role of this nucleus in the 
central nervous system and thus improving tinnitus [52]. For the most debilitating 
and severe tinnitus, the transcranial stimulation by magnetic stimulation has been 
studied [53].

9. Prognostic

The increased prevalence of TMD with increased modulation of tinnitus by 
somatic maneuvers highlights the role of somatosensory afferents, depicting 
somatosensory tinnitus. However, many questions remain regarding the clinical 
approach to patients with tinnitus.

1. How close is the association between the capability to modulate tinnitus 
following somatic maneuvers and the presence of a somatic disorder? The 
evidence in the study is still scarce.

2. Are there specific individual demographic or tinnitus-related factors that 
increase the chance of tinnitus modulation? Identification of a tinnitus profile 
could facilitate patient selection during somatic testing.

3. What is the relationship between tinnitus modulation and the efficacy of 
somatic treatment? It is hard to hypothesize the relationship of demographic 
or tinnitus-related factors in patients who are able to modulate their tinnitus, 
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a characteristic that seems more closely related to somatic components such 
as the presence of musculoskeletal disorders than to specific demographic 
profiles.

Current evidence supports a link, mainly for TMD, between the presence of a 
somatic disorder and higher modulation of tinnitus, especially in patients with a 
normal hearing threshold.

Identification of specific individual demographic or tinnitus-related factors that 
increase the chance of tinnitus modulation can be helpful in the management of 
patients with somatosensory tinnitus. Although some of these treatments may have 
a positive effect on tinnitus, their effect depends on the correct identification of the 
underlying somatic disorder, when present.

10. Conclusion

Somatosensory tinnitus is certainly a widespread condition, and further animal 
studies are required to better understand its pathophysiologic basis. New studies are 
necessary to investigate whether the correct diagnosis and treatment of a possible 
underlying somatic disorder could contribute to the management of tinnitus.

Accurate screening for somatosensory modulation of tinnitus is imperative 
to correctly select patients who would benefit from a multidisciplinary somatic 
approach. Chronic diseases were associated with a higher TMD prevalence. These 
findings suggest that TMD treatment should employ an interdisciplinary approach 
in an effort to extend and maximize its effect.
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