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Abstract

Objective. This randomized clinical trial investigated the effects of adding cervico-mandibular manual therapies into
an exercise and educational program on clinical outcomes in individuals with tinnitus associated with temporoman-
dibular disorders (TMDs). Methods. Sixty-one patients with tinnitus attributed to TMD were randomized into the
physiotherapy and manual therapy group or physiotherapy alone group. All patients received six sessions of physio-
therapy treatment including cranio-cervical and temporomandibular joint (TMJ) exercises, self-massage, and patient
education for a period of one month. Patients allocated to the manual therapy group also received cervico-
mandibular manual therapies targeting the TMJ and cervical and masticatory muscles. Primary outcomes included
TMD pain intensity and tinnitus severity. Secondary outcomes included tinnitus-related handicap (Tinnitus Handicap
Inventory [THI]), TMD-related disability (Craniofacial Pain and Disability Inventory [CF-PDI]), self-rated quality of life
(12-item Short Form Health Survey [SF-12]), depressive symptoms (Beck Depression Inventory [BDI-II]), pressure
pain thresholds (PPTs), and mandibular range of motion. Patients were assessed at baseline, one week, three
months, and six months after intervention by a blinded assessor. Results. The adjusted analyses showed better out-
comes (all, P< 0.001) in the exercise/education plus manual therapy group (large effect sizes) for TMD pain (g 2 P ¼
0.153), tinnitus severity (g 2 P ¼ 0.233), THI (g 2 P ¼ 0.501), CF-PDI (g 2 P ¼ 0.395), BDI-II (g 2 P ¼ 0.194), PPTs (0.363
< g 2 P<0.415), and range of motion (g 2 P ¼ 0.350), but similar changes for the SF-12 (P¼ 0.622, g 2 P ¼ 0.01) as
the exercise/education alone group. Conclusions. This clinical trial found that application of cervico-mandibular man-
ual therapies in combination with exercise and education resulted in better outcomes than application of exercise/
education alone in individuals with tinnitus attributed to TMD.
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Introduction

Temporomandibular disorder (TMD) is an umbrella

term used to describe a myriad of symptoms including

masticatory muscle pain and joint-associated symptoms

(degenerative joint disease and capsulitis) [1]. Pain is the

most common and limiting feature of TMD, but it can be

also accompanied by decreased mobility of the mouth,

headaches, stiffness, or fatigue, all of which impact the

quality of life of patients. It has been reported that

�75% of the general population will experience TMD-

associated symptoms at some point during their life [2].

Köhler et al. [3] found that the prevalence of TMD signs

and number of treatments as a result of TMD pain have

increased during the last decades. In fact, a recent study

observed that orofacial pain and TMD are associated

with a substantial burden and impact on society [4].

Another common associated symptom experienced by

individuals with TMD is tinnitus. Tinnitus or “ringing in

the ears” is described as the subjective perception of

sound without any external stimulation [5]. Tinnitus and

TMD occur most frequently in the fifth decade of life

and are more prevalent in females than in males (fema-

le:male ratio ¼ 3:2) [6]. In fact, it has been reported that

subjects with TMD are more likely to develop tinnitus

than those without TMD [7], and vice versa, people with

tinnitus are also more likely to develop TMD-associated

symptoms [8]. Tinnitus elicited by the somatosensory sys-

tem of the temporomandibular joint (TMJ), the mastica-

tory muscles of the neck, is referred to as “somatic

tinnitus,” which is present in 36–43% of individuals with

subjective tinnitus [5].

Physical therapy can be used for the management of

TMD-associated symptoms and for somatic tinnitus.

Two recent meta-analyses support the use of manual

therapy and exercises for TMD pain symptoms; however,

no consensus exists on which therapeutic approach is the

most effective [9,10]. Similarly, a recent systematic re-

view identified preliminary evidence for physical therapy

in the management of subjective tinnitus, although the

quality of the identified trials was low [11]. This review

included two studies investigating TMJ treatment, for

example, occlusal bite splints or adjustments, laser, and

jaw exercises [11]. Buergers et al. [12] also reported that

patients with TMD-associated tinnitus who received oral

splints and physiotherapy experienced positive outcomes;

however, no control group was included in this study. To

date, no randomized clinical trial has examined the

effects of manual therapies targeting the TMJ and cervi-

cal spine on individuals with TMD and tinnitus.

Therefore, the aim of this clinical trial was to evaluate

the effectiveness of adding specific cervico-mandibular

manual therapies into an exercise and educational pro-

gram on clinical outcomes in people with tinnitus associ-

ated with TMD. We hypothesized that individuals

receiving cervico-mandibular manual therapies in addi-

tion to the exercise and educational program will

experience better outcomes than those who only receive

an exercise and educational program.

Methods

Study Design
A randomized, parallel-group, multicenter clinical trial

was conducted to compare the effects of the inclusion of

cervico-mandibular manual therapies into an exercise

and educational program in patients with tinnitus associ-

ated with TMD. The study design was approved by the

Institutional Review Board of Universidad Complutense

de Madrid, Spain (16/477-E), and the study was prospec-

tively registered (ClinicalTrials.gov: NCT02850055).

This report follows the Consolidated Standards of

Reporting Trials (CONSORT) extension for clinical tri-

als [13].

Participants
Between January 2017 and December 2017, consecutive

patients with tinnitus concomitant with TMD presenting

at to one of three private physiotherapy clinics were

screened for eligibility criteria. The inclusion criteria

were 1) age 18–65 years and 2) diagnosis of tinnitus at-

tributed to TMD; that is, they had to report self-reported

tinnitus symptoms and have a diagnosis of TMD accord-

ing to the Research Diagnostic Criteria for TMD [14].

The following symptoms were assessed using the RDC/

TMD criteria: location of pain, jaw range of motion and

associated joint pain, clicking sounds, and pain upon

muscle and joint palpation. To be considered tinnitus at-

tributed to TMD, an association between both disorders

had to be reported by the patient [15]. Most patients as-

sociated their tinnitus with TMJ use, for example, during

eating.

The exclusion criteria included 1) diagnosis of ear,

nose, and throat medical pathology underlying the tinni-

tus; 2) neurological problems that could potentially cause

the tinnitus; 3) inability to read, understand, and com-

plete the questionnaires or understand and follow com-

mands (e.g., illiteracy, dementia, or blindness); 4)

comorbid fibromyalgia syndrome; 5) had received phys-

iotherapy or other treatment in the head/neck in the last

12 months; or 6) any contraindication to physical therapy

as noted in the patient’s Medical Screening

Questionnaire (i.e., tumor, fracture, rheumatoid arthritis,

osteoporosis, prolonged history of steroid use, etc.). A

detailed medical exam including an ear-nose-throat

(ENT) exam was performed in all participants. All sub-

jects signed an informed consent before participation in

the study.

Randomization and Masking
Once the baseline assessment was completed, patients

were randomly assigned to receive either physical therapy

plus manual therapy or physical therapy alone.
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Concealed allocation was performed by an external re-

searcher not involved in subject recruitment using a

computer-generated randomized table of numbers cre-

ated for each participating site before the beginning of

the study. The group assignment was recorded on an in-

dex card. This card was folded in half, such that the label

with the patient’s group assignment was on the inside of

the fold. The folded index card was then placed inside

the envelope, and the envelope was sealed. A second ther-

apist blinded to the baseline examination findings opened

the envelope and proceeded with treatment according to

the group assignment.

Treatment Interventions
All interventions were applied by a physical therapist

with more than 10 years of experience in the manage-

ment of patients with TMD. Both groups received six

treatment sessions, two sessions the first week and four

weekly sessions to complete the treatment in a month, of

multimodal physiotherapy treatment of 30 minutes’ du-

ration. The intervention included a cranio-cervical and

TMJ exercise program, self-massage of the masticatory

muscles (masseter and temporalis), and patient education

[9,16].

The exercise therapy program consisted of a mixed

approach including mobility, postural education, and

motor control exercises of the TMJ, the tongue, and the

neck; instructions for resting jaw position, head/neck po-

sition, and posture were provided [9]. Patients were

asked to perform the exercises twice per day during the

intervention period. Patients recorded in a diary their ad-

herence to the exercise program during the study period.

Therapeutic patient education included a brief descrip-

tion of the neurophysiological mechanism of pain, active

coping strategies, distraction strategies, changing behav-

iors about pain, and correction of inappropriate behav-

iors of the TMJ, such as tongue parafunctions. All

participants received a self-care book for home.

Patients allocated to the cervico-mandibular manual

therapy group also received manual therapy techniques

focusing on the TMJ and the masticatory and cervical

musculature during the treatment sessions. Participants

received an oscillatory TMJ inferior glide accessory mo-

bilization of mandible distraction intervention (Figure 1)

for 90 seconds. In addition, different manual therapies in-

cluding pressure release, soft tissue mobilization, or longi-

tudinal strokes of the following cranio-cervical

musculature were applied: masseter (Figure 2), temporalis

(Figure 3), sternocleidomastoid (Figure 4), and upper tra-

pezius (Figure 5). These muscles were chosen because their

pain referral is perceived around the TMJ, the ear, or the

orofacial area and can contribute to tinnitus [17–19].

Outcome Measures
All outcomes were assessed at baseline, one week after

the treatment program, and three and six months after

the last treatment session by an assessor blinded to group

allocation.

The primary outcomes were the intensity of TMD

(NPRS) and the severity of the tinnitus, assessed by

Figure 1. Inferior glide accessory mobilization of the temporo-
mandibular joint.

Figure 2. Soft tissue mobilization of the masseter muscle.

Figure 3. Soft tissue mobilization of the temporalis muscle.
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tinnitus annoyance and tinnitus loudness (VAS). As

patients included in this trial exhibited TMJ pain and tin-

nitus, both symptoms were assessed separately.

Participants rated their intensity of TMD pain at rest on

a numerical pain rating scale (NPRS; 0 ¼ no pain, 10 ¼
maximum pain) [20]. As there has not been an identified

minimum clinically important difference (MCID) for

NPRS in patients with TMD, we set the MCID at a pre-

determined reduction of two points [21] or a change of

30% of the initial score [22]. The visual analog scale

(VAS) was used to assess tinnitus severity (tinnitus an-

noyance and tinnitus loudness). The VAS scale consisted

of a 10-mm line with marked end points with two faces

drawn: a smiling one indicating lack of annoyance/no

perception of tinnitus (painted under the left end point of

a line) and a sad one indicating extreme annoyance or ex-

tremely loud tinnitus (painted under the right end point

of a line) [23]. The use of a VAS for assessing these sub-

jective symptoms of tinnitus has been shown to have

good reliability and validity. The estimated MCID

ranged from 10 to 15 mm [23]. It has been also found

that the combined VAS of both symptoms is more reli-

able than the isolated scales; therefore, in the current

trial, the mean of both VAS scores was used in the main

analysis [23].

Secondary outcomes included tinnitus-related handi-

cap (Tinnitus Handicap Inventory [THI]) [24], TMD-

related disability (Craniofacial Pain and Disability

Inventory [CF-PDI]) [25], general health-related quality

of life (12-item Short Form Health Survey [SF-12]) [26],

depressive symptom (Beck Depression Inventory [BDI-

II]) [27], pressure pain sensitivity (pressure pain thresh-

olds [PPTs]), and mandibular range of motion.

The THI is a self-reported measure assessing the im-

pact that tinnitus has on daily life and consists of 25

items divided into three scales: functional (11 items), cat-

astrophic (five items), and emotional (nine items) [28].

There are three possible answers to each item: “yes”

(four points), “sometimes” (two points), and “no” (0

points). Although each subscale can be scored indepen-

dently, it has been proposed to report a total score (range

¼ 0–100 points) [29]. Fackrell et al. [30] proposed that a

reduction of 20 or more points of the total score of the

THI could be considered a clinically meaningful change.

The CF-PDI is a self-administered questionnaire

designed to determine pain, disability, and functional sta-

tus of the mandibular/craniofacial regions [25]. This

questionnaire consists of 21 items with a total score rang-

ing from 0 to 63 points, where higher values represent

worse functional status. The CF-PDI questionnaire has

good internal consistency, reproducibility, and construct

validity. It has been reported that a score of 7 can be con-

sidered the minimal detectable change for this question-

naire [25].

The 12-item Short Form Health Survey (SF-12) is a ge-

neric health rating short version scale of the SF-36 ques-

tionnaire [26]. This questionnaire includes 12 questions

from the original scales of the SF-36. Response categories

for the items vary from two- to six-point scales, and raw

scores for items range from 1 to 6. After recoding raw

scores for some items, the raw scores are transformed to

provide a total score ranging from 0 (the worst health-

related quality of life) to 100 (the best health-related

quality of life) [26].

Patients completed the BDI-II for reporting their level

of depressive symptoms. The BDI-II is 21-item self-report

questionnaire assessing different aspects of depression,

such as affective, cognitive, and somatic symptoms [27].

The BDI-II is easily adapted in most pain conditions for

detecting depressive symptoms [31].

Pressure pain sensitivity was assessed by determining

pressure pain thresholds (PPT), that is, the minimal

amount of pressure applied on a point for the pressure

sensation to first change to pain [32], bilaterally over the

masseter and temporalis muscles and over the lateral as-

pect of the TMJ (anatomical projection of the lateral

pterygoid muscle). A digital pressure algometer (kg/cm2)

Figure 4. Soft tissue mobilization of the sternocleidomastoid
muscle.

Figure 5. Soft tissue mobilization of the upper trapezius
muscle.
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was used to assess PPTs. All participants were instructed

to press the switch when the sensation first changed

from pressure to pain. The mean of three trials was cal-

culated on each point and used for the main analysis. A

30-second resting period was allowed between each

measure. The reliability of pressure algometry in the

masticatory structures has been found to be high in both

healthy volunteers [33] and in patients with TMD [34].

As no side-to-side differences were observed, the mean

of both sides on each muscle was considered for the

analysis. The order of assessment was randomized be-

tween subjects.

Mandibular range of motion (maximal mouth open-

ing and lateral excursions) was evaluated with a plastic

device permitting the assessment of mouth movements in

millimeters. This procedure has exhibited good intra-

and inter-rater reliability [35]. The minimal detectable

change has been determined to be 6 mm for maximal

mouth opening [36] and 1.8 mm for the rest of mouth

movements [35].

Treatment Side Effects
Patients were asked to report any adverse event that they

experienced during the study. In the current study, an ad-

verse event was defined as sequelae of one week’s dura-

tion with any symptom perceived as distressing and

unacceptable to the patient and that required further

treatment [37].

Sample Size Determination
The sample size was calculated using Ene 3.0 software

(Autonomic University of Barcelona, Barcelona, Spain).

The calculation was based on detecting between-groups

differences of 10 mm on the VAS after treatment, assum-

ing a standard deviation of 12 mm [23], a two-tailed test,

an alpha level (a) of 0.05, and a desired power (b) of

80%. The estimated desired sample size was calculated

to be 25 subjects per group. A dropout rate of 20% was

expected, so 30 participants were included on each group

at baseline.

Patients with tinnitus symptoms screened for 
eligibility criteria (n=88) 

Excluded (n=27): 
Previous treatments (n=10) 

Tinnitus related to neurological problem (n=7)  
Concomitant fibromyalgia (n=7) 

Declined to participate (n=3) 

Baseline Measurements (n=61) 
TMD Pain, tinnitus severity, THI, CF-PDI, SF-12, BDI-II, PPT, range of motion 

Randomized (n=61)

Allocated to exercises + education 
+ manual therapy (n=31)  

Post-intervention (n=31) 

3 months follow-up (n=30) 3 months follow-up (n=31) 

Post-intervention (n=30) 

Allocated to exercises + 
education (n=30)  

6 months follow-up (n=28) 
2 lost follow-up (moving other country) 

6 months follow-up (n=28) 
3 lost follow-up (personal reasons 

and cancer development) 

Figure 6. Flow diagram of patients throughout the course of the study.
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Statistical Analysis
Data were analyzed using the SPSS, version 22.0 (SPSS

Inc, Chicago, IL, USA), program and were conducted

according to the intention-to-treat analysis. Means, stan-

dard deviations, and 95% confidence intervals were cal-

culated for each variable. The Kolmogorov-Smirnov test

revealed a normal distribution of all quantitative data (P
> 0.005). Baseline demographic and clinical variables be-

tween groups were compared using the independent t test

for continuous data and chi-square tests of independence

for categorical data. A 4�2 analysis of covariance

(ANCOVA) with time (before, immediately after, three

months after, and six months after) as the within-subjects

factor, group (exercise/education alone or exercise/educa-

tion plus manual therapy) as the between-subjects factor,

gender and center as covariates, and adjusted for baseline

data was used to examine the effects of interventions on

TMD pain, tinnitus severity, THI, CF-PDI, SF-12, BDI-

II, PPTs, and mandibular range of motion. Separate

ANCOVAs were performed for each outcome. The main

hypothesis of interest was the group * time interaction

with a Bonferroni-corrected alpha of 0.017 (three

moments). The effect size was calculated when the partial

Eta squared (g 2 p) was statistically significant. A Partial

Eta squared of 0.01 was considered small, 0.06 medium,

and 0.14 large [38].

Results

Eighty-eight consecutive subjects with self-reported tinni-

tus symptoms were screened for potential eligibility be-

tween January and December 2017. Sixty-one patients

satisfied all criteria, agreed to participate, and were ran-

domly allocated to exercise and education (N¼ 30) or

exercise and education plus manual therapy (N¼ 31).

The reasons for ineligibility are listed in the flow diagram

of patient recruitment and retention (Figure 6). Baseline

features between groups were similar for all outcomes

(Table 1). None of the subjects receiving exercise and

education with/without cervico-mandibular manual ther-

apy reported any adverse events. In addition, patients

reported an adherence of 97% to the exercise program

during the treatment period.

Primary Pain Outcomes
The ANCOVA revealed significant group time * inter-

actions for TMD pain (F¼ 10.639, P< 0.001, g 2 p ¼
0.153) and tinnitus severity (F¼ 17.878, P< 0.001, g
2 p ¼ 0.233): Patients receiving exercise/education

plus manual therapy exhibited a greater decrease (large

effect sizes) in both outcomes than those receiving ex-

ercise/education alone (Table 2, Figure 7). Gender did

not influence the effect in the main analysis (TMD

pain: F¼ 0.509, P¼ 0.478; tinnitus: F¼ 0.475,

P¼ 0.493).

Tinnitus and TMD-Related Disability Outcomes
The ANCOVA revealed significant group * time inter-

actions for THI (F¼ 39.291, P< 0.001, g 2 p ¼ 0.501)

and CF-PDI (F¼ 18.096, P< 0.001, g 2 p ¼ 0.395):

Subjects receiving exercise/education plus manual ther-

apy exhibited greater improvements (large effect sizes)

in tinnitus and TMD-related disability than those re-

ceiving exercise and education alone (Tables 2 and 3).

Gender did not influence the effect in the main analysis

(THI: F¼ 0.142, P¼ 0.707; CF-PDI: F¼ 0.018,

P¼ 0.895).

Health-Related Quality of Life and Depressive

Symptoms
The results did not reveal a significant group * time inter-

action for health-related quality of life (SF-12: F¼ 0.590,

P¼ 0.622, g 2 p ¼ 0.01): Patients in both groups experi-

enced similar changes (small effect size) in quality of life

(Table 3). A significant group * time interaction for de-

pressive symptoms (BDI-II: F¼ 14.234, P< 0.001, g 2 p

¼ 0.194) was observed: Individuals receiving exercise

and education plus manual therapy exhibited a greater

decrease (large effect size) in depressive symptoms than

those receiving exercise/education alone (Table 3).

Gender did not influence the main effect in the analysis

(SF-12: F¼ 0.586, P¼ 0.447; BDI-II: F¼ 0.469,

P¼ 0.496).

Table 1. Baseline characteristics by treatment assignment

Baseline Variable

Exercise þ
Education
(N¼30)

Exercise þ
Education þ
Manual

Therapy
(N¼31)

Gender (male/female) 13/17 12/19

Age, y 44.0 6 10.5 42.5 6 12.0

Months with tinnitus symptoms 17.1 6 5.0 17.5 6 6.5

Intensity of TMD pain (NPRS, 0–10) 5.2 6 1.7 5.2 6 2.2

Tinnitus severity (VAS, 0–10) 6.7 6 1.2 6.8 6 1.2

Tinnitus Handicap Inventory (0–100) 34.2 6 11.9 36.1 6 9.5

Craniofacial Pain and

Disability Inventory (0–63)

38.6 6 5.5 40.7 6 8.2

12-item Short Form Health Survey (0–100) 31.3 6 3.4 30.0 6 3.6

Beck Depression Inventory (0–63) 6.5 6 7.3 7.4 6 5.4

Mandibular range of motion, mm

Maximal mouth opening 31.5 6 3.2 30.5 6 3.2

Right lateral excursion 5.9 6 0.7 5.8 6 0.8

Left lateral excursion 5.9 6 0.6 5.7 6 0.7

Pressure pain thresholds, kg/cm2

Masseter muscle 2.2 6 0.4 2.1 6 0.3

Temporalis muscle 2.3 6 0.4 2.2 6 0.3

TMJ area 2.2 6 0.4 2.3 6 0.4

Data are mean (SD), except for gender.

NPRS ¼ numeric pain rating scale (0–10; lower scores indicate less pain);

TMD ¼ temporomandibular disorder; TMJ ¼ temporomandibular joint;

VAS ¼ visual analog scale (0–10; lower scores indicate less pain).
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Mandibular Range of Motion
The ANCOVA revealed significant group * time interac-

tions for changes in mandibular range of motion (mouth

opening: F¼ 17.683, P< 0.001, g 2 p ¼ 0.367; lateral

excursions: F¼ 18.594, P< 0.001, g 2 p ¼ 0.395):

Patients receiving exercise/education plus manual therapy

exhibited greater increases (large effect sizes) in mandibu-

lar range of motion than those receiving exercise and ed-

ucation alone (Table 4). Gender did not influence the

interaction effects on maximum mouth opening

(F¼ 1.083, P¼ 0.302) or lateral excursions (F¼ 0.237,

P¼ 0.628).

Pressure Pain Sensitivity
The ANCOVA revealed significant group * time interac-

tions for changes in PPTs in the masseter (F¼ 29.494,

P< 0.001, g 2 p ¼ 0.415), temporalis (F¼ 18.594,

P< 0.001, g 2 p ¼ 0.395), and the TMJ (F¼ 15.448,

P< 0.001, g 2 p ¼ 0.363): Individuals receiving exercise/

education plus manual therapy showed greater increases

(large effect sizes) in PPTs (decrease in pressure pain sen-

sitivity) than those receiving exercise/education alone

(Table 5). Gender did not influence the interaction effects

on PPT (masseter: F¼ 0.216, P¼ 0.643; temporalis:

F¼ 0.030, P¼ 0.863; TMJ area: F¼ 0.214, P¼ 0.646).

Discussion

This randomized clinical trial found that inclusion of spe-

cific manual therapies targeting the TMJ and the cervical

and masticatory musculature into a physical therapy pro-

gram, including education and exercises, resulted in sig-

nificantly better outcomes at three and six months than

application of education and exercise alone in patients

with somatic tinnitus attributed to TMD.

The Clinical Practice Guideline published by the

American Academy of Otolaryngology–Head and Neck

Surgery Foundation (AAO-HNSF) recommends educa-

tion and cognitive behavior therapy for the management

of tinnitus, but no recommendation of other therapeutic

modalities is provided [39]. There is limited evidence for

physiotherapy interventions and preliminary evidence for

TMJ approaches in patients with somatic tinnitus

[11,12]. This clinical trial is the first to add manual ther-

apy targeting the TMJ and the cervical and masticatory

muscles into a multimodal approach including exercise

and education for patients with somatic tinnitus,

Table 2. Pain intensity and tinnitus outcomes at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-group mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group
Differences, Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Intensity of TMD Pain (NPRS, 0–10)

Baseline 5.2 6 1.7 (4.6 to 5.8) 5.2 6 2.2 (4.5 to 5.9)

After intervention 4.1 6 1.2 (3.6 to 4.6) 3.2 6 1.8 (2.7 to 3.7)

Change baseline! after intervention �1.1 6 1.0 (�1.6 to �0.6) �2.0 6 1.8 (�2.6 to �1.4) �0.9 (�1.5 to �0.3)*

3 mo 4.0 6 1.3 (3.4 to 4.6) 2.4 6 1.8 (1.8 to 3.0)

Change baseline! 3 mo �1.2 6 1.4 (�1.9 to �0.5) �2.8 6 1.9 (�3.5 to �2.1) �1.6 (�2.5 to �0.7)*

6 mo 3.6 6 1.5 (3.0 to 4.2) 2.2 6 1.5 (1.6 to 3.0)

Change baseline! 6 mo �1.6 6 1.5 (�2.4 to �0.8) �3.0 6 1.8 (�3.7 to �2.3) �1.4 (�2.2 to �0.6)*

Tinnitus Severity (VAS, 0–10)

Baseline 6.7 6 1.2 (6.2 to 7.2) 6.8 6 1.2 6.3 to 7.3)

After intervention 5.8 6 1.2 (5.2 to 6.4) 4.7 6 1.9 (4.1 to 5.3)

Change baseline! after intervention �0.9 6 1.7 (�1.5 to �0.3) �2.1 6 2.0 (�2.9 to �1.3) �1.2 (�2.0 to �0.4)*

3 mo 5.2 6 1.5 (4.6 to 5.8) 3.6 6 1.7 (3.0 to 4.2)

Change baseline! 3 mo �1.5 6 1.9 (�2.2 to �0.8) �3.2 6 2.0 (�4.0 to �2.4) �1.7 (�2.6 to �0.8)*

6 mo 4.7 6 1.3 (4.2 to 5.2) 2.8 6 1.7 (2.2 to 3.4)

Change baseline! 6 mo �2.0 6 1.6 (�2.6 to �1.4) �4.0 6 2.1 (�4.7 to �3.3) �2.0 (�3.6 to �1.0)*

Tinnitus Handicap Inventory (0–100)

Baseline 34.2 6 11.9 (30.2 to 38.2) 36.1 6 9.6 (32.2 to 40.0)

After intervention 29.5 6 12.2 (25.7 to 33.3) 23.0 6 8.2 (19.2 to 26.8)

Change baseline! after intervention �4.7 6 7.9 (�7.6 to �1.8) �13.1 6 10.4 (�16.9 to �9.3) �8.4 (�12.8 to �4.0)*

3 mo 28.8 6 12.3 (25.1 to 32.5) 17.1 6 7.5 (13.4 to 20.8)

Change baseline! 3 mo �5.4 6 8.1 (�8.4 to �2.4) �19.0 6 9.8 (�22.6 to �15.4) �13.6 (�18.2 to �9.0)*

6 mo 28.3 6 11.8 (24.7 to 31.9) 14.4 6 7.3 (10.9 to 17.9)

Change baseline! 6 mo �5.9 6 7.4 (�8.6 to �3.2) �21.7 6 8.8 (�25.0 to �18.4) �15.8 (�19.6 to �12.0)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC = Education; EX= Exercise; MT= Manual therapy; NPRS ¼ numeric pain rating scale (0–

10; lower scores indicate less pain); TMD ¼ temporomandibular disorder; TMJ ¼ temporomandibular joint; VAS ¼ visual analog scale (0–10; lower scores indi-

cate less pain).

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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reflecting common clinical practice. The results of our

clinical trial found large effect sizes favoring the inclusion

of cervico-mandibular manual therapy for the manage-

ment of people with somatic tinnitus attributed to TMD;

however, between-groups change scores did not surpass

the MCID for each respective outcome. It should be

noted that both groups showed significant within-group

improvements in most outcomes, mostly at three and six

months; nevertheless, only within-group change scores of

the cervico-mandibular manual therapy group surpassed

the MCID for most outcomes. Improvements in the phys-

iotherapy group could be related to the fact that exercise

and education have been found to be effective for the

management of people with TMD symptoms [9,10].

Based on the current results, we could anticipate a

potential clinical benefit of adding manual therapy tar-

geting the TMJ and the cervical and masticatory muscu-

lature for patients with somatic tinnitus attributed to

TMD; however, future trials are needed to clarify the

clinical relevance of these therapeutic interventions.

Our results also showed that the inclusion of cervico-

mandibular manual therapies was able to induce better

improvements in clinical (i.e., tinnitus-related handicap,

TMD related-disability), psychological (i.e., depressive

symptoms), and physical (i.e., mandibular active range of

motion) outcomes, but not in health-related quality of

life. These findings suggest that physical therapy

approaches for patients with somatic tinnitus should be

multimodal by including manual therapy, exercise, and

education to facilitate multidimensional improvements in

Figure 7. Evolution of temporomandibular pain intensity (A) and tinnitus severity (B) throughout the course of the study, stratified
by randomized treatment assignment. Data are presented as mean (standard error). *P<0.01; **P<0.001.
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Table 3. Self-reported secondary outcomes at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,
Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Craniofacial Pain and Disability Inventory (0–63)

Baseline 38.6 6 5.5 (6.1 to 7.5) 40.7 6 8.2 (38.2 to 43.2)

After intervention 35.2 6 5.0 (4.0 to 5.6) 33.6 6 5.0 (31.5 to 35.7)

Change baseline! after intervention �3.4 6 2.1 (�4.2 to �2.6) �7.1 6 5.0 (�9.0 to �5.2) �3.7 (�5.7 to �1.7)*

3 mo 34.0 6 5.4 (4.1 to 5.7) 29.8 6 5.8 (27.8 to 31.8)

Change baseline! 3 mo �4.6 6 2.8 (�5.7 to �3.5) �10.9 6 5.9 (�13.1 to �8.7) �6.3 (�8.6 to �4.0)*

6 mo 33.3 6 5.0 (3.1 to 5.1) 28.7 6 6.1 (26.7 to 30.7)

Change baseline! 6 mo �5.3 6 2.4 (�6.2 to �4.4) �12.0 6 5.0 (�13.8 to �10.2) �6.7 (�8.7 to �4.7)*

12-Item Short Form Health Survey (0–100)

Baseline 31.3 6 3.4 (30.0 to 32.6) 30.0 6 3.6 (28.7 to 31.3)

After intervention 31.9 6 2.2 (30.8 to 33.0) 30.0 6 3.4 (28.8 to 31.2)

Change baseline! after intervention 0.6 6 3.2 (�0.6 to 1.8) 0.0 6 3.1 (�1.2 to �1.2) �0.6 (�2.2 to 1.0)

3 mo 32.0 6 2.5 (31.0 to 33.0) 30.5 6 2.7 (29.6 to 31.4)

Change baseline! 3 mo 0.7 6 3.5 (�0.6 to 2.0) 0.5 6 4.0 (�1.0 to 2.0) �0.2 (�2.0 to 1.6)

6 mo 31.9 6 2.8 (30.9 to 32.9) 30.9 6 2.4 (29.9 to 31.9)

Change baseline! 6 mo 0.6 6 3.6 (�0.7 to 1.9) 0.9 6 3.9 (�0.5 to 2.3) 0.3 (�1.5 to 2.1)

Beck Depression Inventory (0–63)

Baseline 6.5 6 7.3 (4.2 to 8.8) 7.4 6 5.4 (5.1 to 9.7)

After intervention 5.7 6 6.6 (3.6 to 7.8) 4.1 6 4.9 (2.0 to 6.2)

Change baseline! after intervention �0.8 6 3.3 (�2.0 to 0.4) �3.3 6 3.7 (�4.7 to �1.9) �2.5 (�4.0 to �1.0)*

3 mo 6.3 6 7.0 (4.2 to 8.4) 3.1 6 4.6 (1.0 to 5.2)

Change baseline! 3 mo �0.2 6 5.2 (�2.2 to 1.8) �4.3 6 3.4 (�5.5 to �3.1) �4.1 (�6.3 to �2.0)*

6 mo 6.0 6 7.0 (4.0 to 8.0) 2.4 6 3.8 (0.4 to 4.4)

Change baseline! 6 mo �0.5 6 5.6 (�2.5 to 1.5) �5.0 6 3.8 (�6.4 to �3.6) �4.5 (�7.0 to �2.0)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC ¼ Education; EX ¼ Exercise; MT ¼Manual therapy.

*Statistically significant differences between groups (ANCOVA, P< 0.001).

Table 4. Mandibular range of motion at baseline, postintervention, three months, and six months after treatment, as well as within-
group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,

Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Maximum Mouth Opening, mm

Baseline 31.5 6 3.2 (30.5 to 32.5) 30.5 6 3.2 (29.0 to 32.0)

After intervention 35.0 6 4.8 (33.5 to 36.5) 39.0 6 5.0 (37.5 to 40.5)

Change baseline! after intervention 3.5 6 2.7 (2.2 to 4.8) 8.5 6 4.5 (7.3 to 9.7) 5.0 (3.8 to 6.2)*

3 mo 36.0 6 4.1 (34.5 to 37.5) 41.0 6 4.5 (39.5 to 42.5)

Change baseline! 3 mo 4.5 6 2.6 (3.1 to 5.9) 10.5 6 3.8 (9.2 to 11.8) 6.0 (5.0 to 7.0)*

6 mo 36.5 6 4.0 (35.0 to 38.0) 42.0 6 3.5 (40.5 to 43.5)

Change baseline! 6 mo 5.0 6 2.9 (3.6 to 6.4) 11.5 6 3.3 (10.7 to 12.3) 6.5 (5.0 to 8.0)*

Left Lateral Excursion, mm

Baseline 5.9 6 0.7 (5.5 to 6.3) 5.8 6 0.8 (5.4 to 6.2)

After intervention 6.5 6 0.6 (6.3 to 6.7) 7.7 6 0.7 (7.4 to 8.0)

Change baseline! after intervention 0.6 6 0.8 (0.3 to 0.9) 1.9 6 1.0 (1.6 to 2.2) 1.3 (1.0 to 1.6)*

3 mo 7.0 6 0.8 (6.6 to 7.4) 8.4 6 0.8 (8.0 to 8.8)

Change baseline! 3 mo 1.1 6 1.0 (0.7 to 1.5) 2.6 6 0.9 (2.3 to 2.9) 1.5 (1.1 to 2 to 9)*

6 mo 7.2 6 1.1 (6.7 to 8.2) 9.0 6 0.8 (8.5 to 9.5)

Change baseline! 6 mo 1.3 6 1.1 (1.0 to 1.6) 3.2 6 0.7 (3.0 to 3.4) 1.9 (1.4 to 2.3)*

Right Lateral Excursion, mm

Baseline 5.9 6 0.6 (5.7 to 6.1) 5.7 6 0.7 (5.5 to 5.9)

After intervention 6.6 6 0.7 (6.3 to 6.9) 7.7 6 0.9 (7.3 to 8.1)

Change baseline! after intervention 0.7 6 0.8 (0.4 to 1.0) 2.0 6 1.1 (1.5 to 2.5) 1.3 (0.9 to 1.7)*

3 mo 7.0 6 0.7 (6.6 to 7.4) 8.6 6 1.1 (8.3 to 8.9)

Change baseline! 3 mo 1.1 6 1.0 (0.7 to 1.5) 2.9 6 1.2 (2.4 to 3.4) 1.8 (1.3 to 2.3)*

6 mo 7.2 6 0.8 (6.8 to 7.6) 9.2 6 1.0 (8.7 to 9.7)

Change baseline! 6 mo 1.3 6 1.0 (0.9 to 1.7) 3.5 6 1.3 (2.9 to 4.1) 2.2 (1.6 to 2.8)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC = Education; EX= Exercise; MT= Manual therapy.

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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this population. We also observed a localized hypoalgesic

effect, as expressed by an increase in PPTs, in both

groups, particularly within the manual therapy group.

There is evidence supporting that manual therapy is able

to increase PPTs in individuals with musculoskeletal pain

[40]. These results confirm the neuro-physiological

effects of manual therapy and exercise within the central

nervous system, as previously suggested [41].

Nevertheless, although changes were superior in individ-

uals receiving manual therapy, between-group differences

were small, and clinical relevance remains unclear.

The results of this clinical trial would suggest a corre-

lation between TMD and tinnitus in our sample, as ap-

propriate TMD treatment improved the severity and

distress of the tinnitus. The mechanisms linking TMD

and tinnitus remain to be further elucidated, and anatom-

ical and physiological theories are currently proposed.

For instance, the anatomical relationship between TMJ

ligaments and muscles and the inner ear provides a hy-

pothesis regarding where movements of the mandibular

condyle producing tension in these structures can result

in self-perceived tinnitus. Additionally, different animal

studies have described connections between the somato-

sensory system of the cervical spine and the TMJ and the

cochlear nuclei of the ear [42]. Shore et al. [43] showed

that the trigeminal and dorsal root ganglia relay afferent

somatosensory information from the periphery to sec-

ondary sensory neurons within the brain stem, specifi-

cally the spinal trigeminal nucleus and dorsal column

nuclei, respectively. These physiological links explain

that the musculoskeletal somatosensory system of the

cervical musculature and TMJ is able to influence the au-

ditory system by altering spontaneous rates (i.e., not

driven by auditory stimuli). Any of these hypotheses

would explain the results of the current clinical trial, yet

they require further scientific evaluation.

The results of this multicenter randomized clinical

trial should be considered according to its potential

strengths and limitations. Major strengths are the inclu-

sion of patients with defined somatic tinnitus, concealed

allocation, a best-evidence multimodal approach treat-

ment including exercise and education, blinded outcome

assessments, intention-to-treat analysis, and a six-month

follow-up period. Among the limitations, first, as there is

no objective method for the diagnosis of tinnitus, this is a

self-reported diagnosis; therefore, current data should be

not extrapolated to different subgroups of patients.

Second, we did not include a control group without ap-

plication of any intervention, so we do not know the nat-

ural course of the disease. It is important to note that

Table 5. Pressure pain thresholds (kg/cm2) at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,
Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Pressure Pain Thresholds over the Masseter Muscle, kg/cm2

Baseline 2.2 6 0.4 (2.0 to 2.4) 2.1 6 0.2 (2.0 to 2.2)

After intervention 2.3 6 0.5 (2.1 to 2.5) 2.6 6 0.4 (2.4 to 2.8)

Change baseline! after intervention 0.1 6 0.2 (0.0 to 0.2) 0.5 6 0.3 (0.3 to 0.7) 0.4 (0.2 to 0.6)*

3 mo 2.4 6 0.4 (2.2 to 2.6) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.2 6 0.2 (0 to 1 to 0.3) 0.7 6 0.4 (0.5 to 0.9) 0.5 (0.3 to 0.7)*

6 mo 2.5 6 0.4 (2.3 to 2.7) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.3 6 0.2 (0.2 to 0.4) 0.8 6 0.4 (0.6 to 1.0) 0.5 (0.4 to 0.6)*

Pressure Pain Thresholds over the Temporalis Muscle, kg/cm2

Baseline 2.3 6 0.4 (2.1 to 2.5) 2.2 6 0.3 (2.0 to 2.4)

After intervention 2.5 6 0.4 (2.3 to 2.7) 2.6 6 0.3 (2.4 to 2.8)

Change baseline! after intervention 0.2 6 0.2 (0.1 to 0.3) 0.4 6 0.2 (0.3 to 0.5) 0.2 (0.1 to 0.3)*

3 mo 2.6 6 0.4 (2.4 to 2.8) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.3 6 0.3 (0.1 to 0.5) 0.6 6 0.2 (0.5 to 0.7) 0.3 (0.2 to 0.4)*

6 mo 2.6 6 0.4 (2.4 to 2.8) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.3 6 0.3 (0.1 to 0.5) 0.7 6 0.2 (0.6 to 0.8) 0.4 (0.2 to 0.6)*

Pressure Pain Thresholds over the Lateral Aspect of the TMJ, kg/cm2

Baseline 2.2 6 0.4 (2.0 to 2.4) 2.3 6 0.4 (2.1 to 2.5)

After intervention 2.4 6 0.4 (2.2 to 2.6) 2.6 6 0.3 (2.4 to 2.8)

Change baseline! after intervention 0.2 6 0.3 (0.0 to 0.4) 0.3 6 0.3 (0.1 to 0.5) 0.1 (0.0 to 0.2)

3 mo 2.5 6 0.4 (2.3 to 2.7) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.3 6 0.3 (0.1 to 0.5) 0.5 6 0.3 (0.3 to 0.5) 0.2 (0.1 to 0.3)*

6 mo 2.6 6 0.4 (2.4 to 2.8) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.4 6 0.3 (0.2 to 0.6) 0.6 6 0.3 (0.4 to 0.8) 0.2 (0.1 to 0.3)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC ¼ Education; EX ¼ Exercise; MT ¼Manual therapy; NPRS ¼ numeric pain rating scale

(0–10; lower scores indicate less pain); TMJ ¼ temporomandibular joint; VAS ¼ visual analog scale (0–10; lower scores indicate less pain).

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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TMDs are often self-limited over time, and significant

fluctuation of the symptoms can be observed [44,45];

therefore, we cannot determine if the changes observed

in both groups can be specifically attributed to interven-

tions or simply the passage of time. Future clinical trials

should include a real control group that does not receive

any intervention to determine the real effects of the ther-

apy. Third, the influence of the placebo effect is un-

known, as we did not include a group receiving a sham

manual therapy approach. We do not know if the facts

that patients within the manual therapy group received

manual contact and that the clinician spent slightly more

time with them could have had a powerful benefit and

whether they could have produced the difference between

groups. In addition, although we tried to blind patients, it

is possible that individuals’ expectations for manual con-

tact may also have had an impact on the results. Future tri-

als including a control/sham group should be conducted to

determine the best therapeutic option for somatic tinnitus

attributed to TMD. Finally, subgroups of patients who

would benefit most from these interventions and factors

associated with successful treatment in either management

approach should be elucidated in future trials.

Conclusions

The inclusion of manual therapies targeting the TMJ and

the cervical and masticatory musculature into a multi-

modal physical therapy program including education and

exercise resulted in significantly better clinical, psychologi-

cal, and physical outcomes at three and six months than

the application of education and exercise alone in a sample

of patients with somatic tinnitus attributed to TMD.
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