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 Abstract  

Background and Aim: Multiple studies have shown the common 

co-occurrence of tinnitus and temporomandibular disorders (TMDs). 
This study assessed the effectiveness of a conservative treatment for 

TMD signs and symptoms of six patients with tinnitus-related  
complaints.    
Materials and Methods: Six patients with persistent non-pulsatile 
tinnitus were evaluated in this case series. The tinnitus  
characteristics evaluated included pitch and loudness matching 
(PMT-LMT), minimum masking level (MML), and residual inhibition 
(RI). In addition, the Persian versions of the 52-item Tinnitus  

Questionnaire (TQ), the Tinnitus Handicap Inventory (THI), and the 
Steigerwald/Maher TMD Disability Index (SMTDI) were used. The 
corresponding TMD treatment plan was subsequently implemented, 
taking into account the subtype of the disease. The data were  
statistically analyzed at 0.05 level of significance. 
Results: The mean SMTDI score significantly decreased after  
treatment (P=0.0001) and the symptoms of TMD effectively  

resolved. Comparison of visual analog scale (VAS) scores of tinnitus 

patients before and after TMD therapy indicated statistically  
significant changes (P<0.05) in intensity, irritation, and awareness. 
Comparison of the mean tinnitus evaluation test scores before and 
after TMD therapy in tinnitus patients indicated a significant change 
only in PMT (P=0.039). Comparison of THI and TQ scores before and 

after TMD therapy revealed significant changes in tinnitus patients 
(P<0.05).  
Conclusion: In case of correct selection of patients with concurrent 
somatosensory tinnitus and TMD signs and symptoms, TMD therapy 
might alleviate this condition, according to the present findings. 
Consequently, a multidisciplinary approach may be useful in  
treatment of such cases.  
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Introduction 
Tinnitus is defined as perception of sound in 

absence of an external or environmental  

acoustic stimulus. It is often characterized as 

one sound or collection of noises [1] and might 

be experienced in one ear, both ears, or the  

patient's head [2]. The prevalence of tinnitus in 

adults varies from 10% to 15% [3], and it  

approaches 18% in those >60 years old [4].  

According to a previous study, the prevalence 

of this ailment in the Iranian population is 

4.6%, i.e., 6.4% and 14.6% among individuals 

in their sixth and seventh decades of life, and 

16.8% among those >70 years old [5]. In addi-

tion to the impacts of the central auditory neu-

rons, the majority of patients also suffer from  

subjective tinnitus alterations due to the  

somatosensory system. These individuals may 

alter volume and pitch by contraction of their 

neck, head, or oral muscles [6]. In addition to 

hearing loss or noise stress, somatic or  

somatosensory system abnormalities of the 

cervical spines or the temporomandibular 

joints (TMJ) may cause tinnitus [7, 8]. This may  

account for the common co-occurrence of  

tinnitus and temporomandibular joint disorder 

(TMD) syndrome reported in a number of  

studies [9-13]. Manfredini et al. [14] in their 

study on individuals with TMD, observed a 

prevalence rate of 30.4% for tinnitus. In  

addition, Lam et al. [10] found that 64% of  

individuals presenting with tinnitus had TMD. 

Buergers et al. [11] reported that people with 

this condition were eight times more likely to 

have tinnitus than those without it. The  

experience of tinnitus may change by firmly 

clenching the teeth [3]. Also, 36-43% of the 

population with subjective tinnitus have been 

reported to have somatic or somatosensory 

tinnitus. Evidence shows that effective  

treatment of TMD may alleviate the perception 

of tinnitus. Therefore, conservative therapy 

based on scientific data should target the  

multifaceted etiology of TMD. TMD should be 

treated with a multidisciplinary approach  

because numerous biological, psychological, 

and social factors are involved in its onset and 

progression [15]. In addition, patients must be 

educated about the potential causes of this  

disorder, and they must recognize their vital 

role in its management [16]. Each patient's 

therapy should be customized depending on 

the diagnosis and cause. Dentists and physical 

therapists may provide such patients with  

multimodal, customized, and conservative 

treatment [17]. Moreover, Sherman and Turk 

[18] observed that TMD therapy led to  

substantial improvements when paired with 

psychological therapies as opposed to  

traditional dental care alone, indicating that 

psychological components should be included 

in TMD treatments [18]. Similarly, Aggarwal et 

al. [19] observed that a complete treatment 

strategy integrating cognitive behavior  

therapy, postural control, and biofeedback 

might give participants with orofacial pain 

longer-lasting pain alleviation than standard 

care. Collectively, these data suggest that the 

diagnosis and treatment of TMD need a  

complex and interdisciplinary approach. 

Therefore, the purpose of the current study 

was to evaluate the effectiveness of  

conservative TMJ therapy in six patients with 

tinnitus by identifying their TMD signs and 

symptoms and documenting their  

improvements in the studied indices. 

 

Materials and Methods  
The patients in this case series had  

persistent subjective tinnitus and were select-

ed among those referred to Tehran Tinnitus 

Center. Six male patients with chronic  

non-pulsatile tinnitus (duration > 6 months) 

and a mean age of 45.34 ±9.57 years were  

included in this study [20]. The patients had 

not received any treatment for their medical 

condition or therapeutic interventions on their 

brain or ears (e.g., acoustic, electrical, etc.) for 3 

months prior to the onset of this study.  

Patients who were evaluated in this study had 

no history of neurological conditions, head  

injuries, or brain tumor and had a definite  

diagnosis of chronic subjective idiopathic  

tinnitus (duration: > 6 months) confirmed by 

an audiologist and an otorhinolaryngologist. 

They also had normal external and middle ear 

function confirmed by otoscopy and  
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tympanometry and the ability to read, speak, 

and write in Persian, and consented to  

participation in the study and completion  

of follow-ups. In addition, the participants  

had no history of chronic neurological or  

auditory diseases, had not taken  

neurological/psychiatric medications within 

the past three months, no pregnancy or  

nursing, no treatment for tinnitus within the 

past 3 months, no alcohol consumption or drug 

abuse, no head and neck diseases or  

space-occupying lesions, and their tinnitus was 

not secondary to a systemic medical condition. 

All patients were informed about the study and 

signed informed consent forms before the  

experiment. 

Measurements and evaluations: 

A complete medical history was taken from 

each patient and all patients underwent  

physical and psychological evaluations. All  

patients also underwent subjective and  

objective assessments for tinnitus prior to  

receiving TMD therapy. The magnetic  

resonance imaging gadolinium contrast  

medium indicated that there were no  

identifiable abnormalities in the temporal lobe 

or brain of the individuals. In situations of  

bilateral tinnitus, the dominant side with more 

severe symptoms was evaluated. In  

participants whose complaints were identical 

on both sides, measures from both ears were 

included in the study. All patients underwent 

audiological evaluations (i.e., pure tone  

audiometry and tympanometry) and  

tinnitus-related psychoacoustic measurements 

(i.e., pitch and loudness matching).  

Tinnitus psychoacoustic assessments: 

The diagnostic characteristics for tinnitus 

were examined using a clinical audiometer 

(Madsen®Astera2, Natus) with two channels 

for recreating the most bothersome tinnitus 

(MTT) at the same frequency and intensity. The 

pitch matching and loudness matching of  

tinnitus (PMT-LMT), minimum masking level 

(MML), and residual inhibition (RI) factors of 

tinnitus were evaluated. The precision of the 

equipment calibration met the American  

National Standard Specification for  

Audiometers tolerance requirements  

(Accuracy no.: #S3.6-200412). All participants' 

tinnitus parameters were assessed both before 

and after TMD treatment. For the PMT  

examination, a forced-choice format with two 

options was used. For this objective, multiple 

pairs of pitch sounds were created at 11  

frequencies ranging from 125 Hz to 12 kHz. 

The pitch was then lowered or raised, and the 

participants were asked to identify which pitch 

best matched their tinnitus. Lastly, an octave 

confusion test was utilized to establish the  

frequency of tinnitus more precisely. Before 

presenting each pair, the loudness levels of 

tone pairs were modified to match those of the 

tinnitus. The LMT was also determined for each 

test tone in the PMT technique, after which the 

subject's auditory threshold at that particular 

frequency (A) was raised in 1-dB increments 

until they reported that the external tone was 

as loud as the tinnitus (B). Subsequently, the 

sound volume was adjusted in 1-dB increments 

to achieve a threshold somewhat higher than 

the tinnitus threshold (C). The mean level of 

loudness between (B) and (C) represented the 

volume of the tinnitus. This formula calculated 

the volume (expressed in decibels of the feeling 

level43): 

Loudness of tinnitus=[(B+C)/2–A](dB SL) 

[20] 

The MML was further assessed by the  

narrow-band noise in the afflicted ear until the 

tinnitus was completely masked. The RI was 

then measured using a narrow-band noise with 

an intensity of 10 dB greater than MML for 60 

seconds. Importantly, tinnitus may be  

temporarily muted by an adequate masking 

stimulus, also known as RI. After the stimulus 

is deactivated, one of the following outcomes 

may occur: full RI (CRI), partial RI (PRI),  

non-residual inhibition (NRI), and lastly  

rebound effect (RF, or facilitated tinnitus),  

resulting in an increase in the loudness of  

tinnitus as experienced by the individuals. CRI 

is the condition in which tinnitus remains  

inaudible even after removing the masking 
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stimuli. PRI also refers to a condition in which 

tinnitus is diminished but remains audible to 

the sufferer. When the tinnitus remains intact 

after the cessation of masking stimuli, this  

condition is known as NRI. In addition, the  

increase in the volume of tinnitus that occurs 

after turning off masking stimuli is known as 

the RF phenomenon [20]. 

Self-report tinnitus questionnaires: 

The 52-item Tinnitus Questionnaire (TQ) 

[20-22], originally created by Hallam, was used 

in order to assess the behavioral side effects of 

tinnitus. The questionnaire has a Cronbach's 

alpha value of 0.95 and a test-retest reliability 

of 0.91 to 0.94 [15]. The subscales of the TQ 

comprised auditory-perceptual difficulties,  

intrusiveness, sleep issues, physical symptoms, 

and emotional and cognitive abnormalities. 

The Tinnitus Handicap Inventory (THI) [22,23], 

which was originally developed by Newman et 

al. [23] and consists of 25 questions, was then 

used to characterize the functional, emotional, 

and catastrophic implications of tinnitus on the 

patients' everyday life. This version was easy to 

administer and interpret as a very effective 

psychometric instrument. Currently, it is also 

used in other health/treatment facilities  

globally. The THI item analysis revealed that 

this self-report questionnaire has great  

internal consistency and sufficient convergent 

and construct validity. The THI scores were 

classified as 0–16 for mild, 18–36 for moderate, 

38–56 for severe, 58–76 for severe, and  

78–100 for suffering. 

Visual analogue scale (VAS): 

This questionnaire is a certified  

psychometric response scale which can be used 

to assess the effect of tinnitus on ordinary  

everyday living in terms of severity, irritation, 

and awareness. Responding to the VAS,  

respondents ranked the loudness, irritation, 

and disruption of tinnitus on a continuum from 

0 to 10. 

TMD evaluation: 

The assessed patients completed the  

 

Steigerwald/Maher TMD Disability Index 

(SMTDI) [24]. Besides, VAS score for the  

existing tinnitus was recorded at baseline. 

TMD was diagnosed based on symptom 

evaluation; the most often used diagnostic 

classification systems were the Research  

Diagnostic Criteria for TMD and the American 

Academy of Orofacial Pain classification [12]. 

The patients were evaluated by noting their 

TMD signs and symptoms, such as pain and 

TMJ sounds (i.e., clicking and crepitus),  

limitation and pain on mouth opening, any 

mandibular deviation during mouth opening, a 

history of bruxism and clenching, and  

measurements of central and lateral opening 

and evaluation of occlusion parameters, such 

as central and lateral occlusal contacts. Then, a 

treatment plan was designed based on the  

diagnostic data. All six patients were  

meticulously examined in accordance with the 

procedure, and their therapy regimens were 

established using the TMD method to account 

for the absence or weakness of other causative 

variables. Upon registration, the TMJ  

examination, the definitive diagnosis of TMD 

based on clinical assessment, and the  

associated subtype of TMD, including  

"capsulitis, deviation of disc form, anterior disc 

displacement, and subluxation with or without 

reduction" were also recorded. None of the 

subjects tested exhibited TMJ discomfort or 

tenderness. Two patients were also identified 

with subluxation with reduction, three patients 

with anterior disc displacement, and one  

patient with disc deviation. For each instance, 

the use of the bite guard (i.e., the flat occlusal 

splint) with regard to its occlusal adjustment, 

precise occlusal adjustment of teeth, and  

exclusive physical treatment, including  

therapeutic jaw exercise linked to either  

subtype of existing TMD were planned. Six  

patients were treated for an average of 8 

months. The overview of the principal test and 

variance of measured parameters for each  

patient are provided in Table 1. 
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Table 1. Tinnitus and TMD indexes evaluated in six patients 

 

No. 

Auditory Evaluations TMD Evaluations 

1 PTA 

2(R/L) 

Tinnitus Psychoacoustic  

Assessments  

RI6 

Diagnosis 

of TMD10 

Clicking/ 

crepitus 

History of 

bruxism/ 

clenching 

Max opening 

LMT3 

(dB SL) 

PMT4 

(Hz) 

MML5 

(dB HL) 
central 

Lateral 

(L/R) 

Case #1: 

primary assay 

R: 17.50±18.1 

L: 13.00±13.9 
14 6000 55 PRI7 SLR11 clicking - 50 mm 9/11 mm 

Case #1: 

(after 5m.) 
No change 6 5500 45 PRI - - - 50 mm 9/11 mm 

Case #2: 

primary assay 

R: 16.00±6.15 

L: 15.00±8.82 
9 7500 65 PRI ADD12 clicking - 52mm 6/7 mm 

Case #2: 

(after 9m.) 
No change 4 6500 50 PRI - - - 52mm 9/10 mm 

Case #3: 

primary assay 

R: 19.00±9.07 

L: 25.00±10.54 
12 4000 70 PRI ADD clicking - 51mm 12/11 mm 

Case #3: 

(after 4m.) 
No change 5 4000 55 CRI8 - - - 52mm 12/12mm 

Case #4: 

primary assay 

R: 20.00±10.80 

L: 24.50±12.79 
15 5500 65 PRI SLR clicking bruxism 48mm 8/7mm 

Case #4: 

(after 9m.) 
No change 6 5000 60 PRI - - - 50mm 9/9mm 

Case #5: 

primary assay 

R: 15.50±2.84 

L: 14.50±3.69 
10 6000 45 NRI9 DD13 crepitus bruxism 51mm 9/8mm 

Case #5: 

(after 5m.) 
No change 3 6000 40 PRI - - - 52mm 10/10mm 

Case #6: 

primary assay 

RE: 19.00±8.10 

LE: 

36.50±22.86 

11 8000 85 NRI ADD clicking bruxism 50mm 12/11mm 

Case #6: 

(after 6m.) 
No change 6 7500 70 PRI - - - 50mm 12/12mm 

1 PTA=Pure tone average, 2R/L=Right/Left, 3LMT=Loudness match test, 4PMT=Pitch match test,  

5 MML=Minimal masking level, 6RI= Residual inhibition, 7PRI=Partial residual inhibition, 8CRI= Complete residual inhibition, 9NRI= Non-residual 

inhibition, 10TMD= Temporomandibular joint disorder, 11SLR=Subluxation with reduction, 12ADD: Anterior disc displacement, 13DD=Deviation of 

disc form 
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Results  

TMD treatment: 

Two of the six patients evaluated were  

diagnosed with subluxation with reduction, 

three with anterior disc displacement, and one 

with disc deviation. After therapy, clicking and 

crepitus improved for 7.1 ±0.9 months. After 

therapy, three patients with a history of  

bruxism reported no parafunction. The mean 

SMTDI score decreased from 34.50 ±1.3 to 

24.37 ±8.6, and this difference was  

significant according to paired-samples t-test 

(P=0.0001).     

The majority of patients did not have  

mouth opening limitation; therefore, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Evaluation of hearing threshold in six patients 

 

 

 

The change in VAS scores in the three  

subgroups of intensity, annoyance, and  

awareness, after TMD treatment compared 

with before in patients with tinnitus was  

significant for all parameters (P<0.05, Table 2). 

Comparing the mean tinnitus assessment 

test scores before and after TMD treatment in 

 

 

 

appropriate room was either already available 

or was significantly enlarged in such cases. 

Tinnitus improvement: 

The assessed auditory and TMD indices for 

six patients are listed in Table 1.  

The predicted marginal pure-tone average 

(PTA) thresholds for both ears was recorded 

with 95% confidence interval (CI).  

Additionally, the mean values of audiometric 

thresholds at 250–8000 Hz octave frequencies 

were recorded in dBs of hearing level (dB HL) 

independently for the left and right ears of  

patients with tinnitus and TMD, with no  

significant differences between the groups 

(P>0.05) (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

patients suffering from tinnitus revealed a  

significant change only in PMT (P=0.039,  

Table 3). 

Comparing THI and TQ scores before and af-

ter TMD treatment in patients with tinnitus  

indicated that the differences were significant 

for both assessed scores (P<0.05, Table 4). 
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   1VAS=Visual analogue scale 

 

LMT=Loudness Match of Tinnitus; PMT=Pitch Match of Tinnitus; 

MML=the Minimal Masking Level   

 

1Tinnitus handicap inventory, 2Tinnitus questionnaire 

 

 
Discussion 

This study evaluated the efficacy of  

conservative TMD treatment for management 

of somatosensory tinnitus and TMJ-related  

parameters. Through an anatomical  

relationship, TMJ disease (e.g., disc  

displacement) or hypertonia of the masticatory 

muscles may affect middle ear muscular  

tension or ventilation (e.g., the tensor veli  

 

 

 

 

 

 

 

 

palatini, the Eustachian tube, or several  

ligaments). These factors would produce  

afferent signals that would affect the auditory 

circuits. Recent research has shown anatomical 

and functional links between the trigeminal 

and dorsal column systems of the  

somatosensory system and the cochlear  

nucleus of the auditory system in the medulla 

oblongata. The spinal trigeminal nucleus  

Table 2.  Comparison of the mean VAS score among the three subgroups of intensity, annoyance, and awareness, before  

and after appropriate treatment of TMD in tinnitus patients 

 

VAS1 
Intensity Annoyance Awareness 

Before After P-value† Before After P-value† Before After Pvalue† 

VAS 

Scores 
61.3±23.2 29.8±13.9 0.019 76.8±19.5 28.6 ±10.1 0.000 61.3 ±14.2 25.5 ±10.6 0.010 

 

* The values are represented by median and interquartile range. 

† A P-value<0.05 was considered statistically significant. 

Table 3. Comparison of the mean tinnitus assessment test scores before and after appropriate treatment of TMD in tinnitus patients 

 

Psychoacoustic 

Assessments 

LMT [dB]* PMT [kHz]* MML [dB]* 

Before After P-value† Before After P-value† Before After P-value† 

Tinnitus Patients 6.9±3.5 5.1±2.9 0.125 5.0±2.8 3.2±2.9 0.039* 30.3±23.6 43.5±19.9 0.145 

 

* The values are represented as mean ± standard deviation 

† A P-value<0.05 was considered statistically significant 

Table 4. Comparison of P-THI and P-TQ questionnaire scores before and after appropriate treatment of TMD in tinnitus patients 

 

Self-reported Tinnitus 

Questionnaires 

1P-THI score*  

P-value† 

2P-TQ score*  

P-value† Before After Before After 

Tinnitus Patients 84.67±14.73 20.67±7.66 0.0001 56.5±13.23 26.7±14.28 0.001 

 

* The values are represented by Mean ±SD. 

† A P-value<0.05 was considered statistically significant 
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receives nociceptive and proprioceptive  

information from the head, face, oral  

structures, TMJ, and cervical spine (C1–C3). A 

proposed function of auditory-somatosensory 

interactions is the discrimination between  

external auditory signals and those produced 

by the body [24]. This functional link between 

the auditory and somatosensory systems in the 

brainstem may underlie the correlation  

between subjective tinnitus and TMD [24,25]. 

The present results demonstrated that the 

linked tinnitus and TMD indices and symptoms 

improved in six individuals after conservative 

TMD therapy. The strengths of the current 

study included a comprehensive evaluation  

of pertinent somatosensory tinnitus 

 characteristics, as well as accurate case  

selection and treatment of TMD. In patients 

presenting with tinnitus and TMD or oral  

parafunctional habits, improvements in  

tinnitus may be accomplished by examining 

and treating TMJ-related symptoms [26];  

nevertheless, case selection is essential for 

achieving optimal therapeutic effects. In  

addition, it is vital to develop proper TMJ 

treatment strategies for tinnitus problems to 

achieve maximum recovery. Several animal 

studies have provided physiological reasons 

for the frequent co-occurrence of tinnitus and 

TMD, revealing links between the  

somatosensory system of the cervical spine 

and the TMJ region and the cochlear nuclei.  

Afferent fibers transmit somatosensory  

information from the cervical and  

temporomandibular regions to the brain 

through their cell bodies in the dorsal root 

ganglia or trigeminal ganglion. A number of 

these afferent fibers project to the central  

auditory system and, more specifically, to the 

dorsal cochlear nuclei [10], allowing the soma-

tosensory system to influence the auditory  

system by modifying the spontaneous rates 

(i.e., not excited by auditory stimuli) or the 

synchronous firing of neurons in the central 

nucleus, inferior colliculus, or auditory cortex. 

Thus, the somatosensory system may affect the 

severity and features of tinnitus by forcibly 

contracting the neck or oral muscles or by  

increasing tension in the tensor tympani  

muscle [11]. At present, by recognizing the  

advantages of this treatment option, its  

comprehension and acceptance have been  

enhanced. This study was a preliminary effort 

to analyze and report beneficial changes in  

somatosensory tinnitus linked with TMD with 

regards to accurate case selection, which is 

crucial for success. Currently, the clinical  

assessment of somatosensory tinnitus is based 

on generally accepted anamnestic criteria 

[27,28]. According to these criteria, this type of 

tinnitus is suspected if it is associated with a 

history of head or neck trauma, premature 

tooth contacts, cervical spine, recurrent pains 

in the head, neck, or shoulder girdle, temporal 

coincidence of onset or increase in pain and 

tinnitus, and severe tinnitus. In addition, these 

criteria suggest a temporal and mechanical link 

between dysfunction of the TMJ or cervical 

spine and tinnitus-related symptoms.  

Therefore, if one of the aforementioned criteria 

is present, somatosensory tinnitus is  

suspected, and more examinations are advised 

[29]. Other investigations [30-33] explored the 

alteration of tinnitus during intense  

contractions of the neck and oral muscles. 

However, similar tests evoked sound  

sensations in 65% of asymptomatic  

participants in a control group with no tinnitus 

complaints, reducing the diagnostic value of 

modulation testing for somatosensory tinnitus. 

To identify somatosensory tinnitus, this study 

included a combination of psychological,  

otorhinolaryngological, audiological, and  

temporomandibular examinations in addition 

to the diagnostic criteria indicated before. 

Since all of the primary etiological causes for 

tinnitus were removed, patients with severe 

subjective tinnitus and TMD symptoms were 

recruited in order to better understand the 

subjective tinnitus patients who potentially 
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benefit from a therapeutic intervention. 

 

Conclusion 
TMD therapy might alleviate tinnitus in  

individuals with somatosensory tinnitus and 

simultaneous TMD signs and symptoms,  

according to the results of the present study. 

Consequently, a multidisciplinary approach 

may be useful in treatment of such patients. 
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