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Long-term effect on tinnitus by treatment of temporomandibular
disorders: A two-year follow-up by questionnaire
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Abstract

Objective. The aim of the study was to investigate the presence of symptoms and signs of temporomandibular disorders
(TMD) in patients with tinnitus and to evaluate the effect of TMD treatment on tinnitus in a long-term perspective in
comparison with a control group of patients on a waiting list. Material and Methods. One-hundred-and-twenty patients
with tinnitus were subjected to a clinical examination of the masticatory system and whether they had co-existing TMD to
TMD treatment. Ninety-six patients had TMD, most frequently localized myalgia. Seventy-three of these completed the
treatment and responded to a questionnaire 2 years later. Fifty patients with tinnitus who were on the waiting list served as a
control group. Results. Eighty percent of the patients had signs of TMD, most commonly myofascial pain. Forty-three
percent of the patients reported that their tinnitus was improved at the 2-year follow-up, 39% that it was unchanged, and
17% that it was impaired compared to before the treatment. Twelve percent of the subjects in the control group reported
that their tinnitus was improved compared to 2 years previously, 32% that it was unchanged, and 56% that it was impaired.
The difference between groups was significant (}* p <0.001). Conclusion. The results of this study showed that TMD
symptoms and signs are frequent in patients with tinnitus and that TMD treatment has a good effect on tinnitus in a long-
term perspective, especially in patients with fluctuating tinnitus.
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Introduction radiologic examination [11]. However, fluctuating
tinnitus has been associated with temporomandibu-
lar disorders (TMD) [12].

As early as 1934, ear pain, tinnitus, impaired
hearing, and dizziness were reported in patients with
TMD, which was suggested to be caused by badly
fitted dental prosthesis or lack of molar support [13].
Other authors have also reported that tinnitus may
be associated with TMD. For example, Rubinstein &

Erlandsson [12] reported that awareness of diurnal

Tinnitus could be described as a subjective sound in
the ears or head without any external source of the
sound [1]. It is estimated that approximately 10—
15% of the general population suffer from tinnitus
[2—4]. It is reported that 20% of tinnitus patients are
affected by their tinnitus to a degree that their
quality of life is impaired and about 60% report
depression [2,5]. Tinnitus is therefore a widespread
conditions and a major health problem in many

countries.

There are many theories about the etiology and
pathophysiology of tinnitus. The most common
theories are that tinnitus is caused by otological
pathology, such as hearing-loss [6,7], cochleovestib-
ular disorders, and endolymphatic disorders [8], or
psychological factors, including, e.g., psychiatric
disorders and depression [9,10]. It is suggested
that if tinnitus is unilateral or pulsating it can
indicate a serious underlying pathological condition
and this should be out ruled by audiometric and

bruxism and feeling of jaw tenderness/fatigue may be
related to fluctuating tinnitus, vertigo, and hyper-
acusis, and Parker & Chole [14] reported that
tinnitus and vertigo were more prevalent in TMD
patients than in healthy controls. More recently it
was reported that 60% of patients with chronic
tinnitus had more than two symptoms of TMD
compared to 36.5% of healthy controls [15]. The
incidence of tinnitus in 989 consecutive TMD
patients during the years 1981 to 1990 was found
to be 7% [3], but other studies have reported that as
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many as 60% of TMD patients suffer from tinnitus
[14,16]. One might expect that temporomandibular
joint (TMJ) disorders, i.e. disk displacement or
osteoarthrosis, would be the most frequent TMD
subgroup. However, although TM] disk degenera-
tion is reported to be associated with tinnitus [17],
masticatory muscle pain is the most frequent TMD
symptom in tinnitus patients [12,15,18]. Conver-
sely, myofascial pain patients show the highest
prevalence of tinnitus [19].

One suggested explanation for the relation be-
tween tinnitus and TMD is that hyperactivity of
masticatory muscles is conveyed to the tensor
tympani and tensor veli palatine [15]. Other expla-
nations are that the sensory signal from the trigem-
inal nerve could be affected during tooth-grinding,
since the trigeminal ganglion also innervates the
ventral cochlear nucleus and superior olivary com-
plex [20], and psychological distress, which is
suggested in the etiology of both conditions [14].
However, the exact mechanism is unknown.

Because of the lack of clear etiology of tinnitus,
various treatments are proposed, i.e. hearing aids
and maskers [11,21], pharmacological treatment
[22], physiotherapy [23], acupuncture, and/or cog-
nitive behavioral therapy [24]. A few studies have
reported that TMD therapy, such as occlusal bite
splints, may improve tinnitus [25-27]. Given the
reports of a co-existence of tinnitus and TMD, this
might not be surprising. However, few studies have
investigated this is in a controlled manner. Our
hypothesis was that TMD treatment would alleviate
tinnitus in patients with co-existing TMD.

The aim of the study was to investigate the
presence of TMD symptoms and signs in a group
of patients with tinnitus and to evaluate the effect of
TMD treatment in a long-term perspective in
comparison with a control group of patients on a
waiting list.

Material and methods
Study group

One-hundred-and-twenty patients who suffered
from tinnitus were referred to the Specialist Clinic
at the Institute of Odontology, Karolinska Institutet
between the years 1997 and 2001. The patients were
referred by specialists in otorhinolaryngology or
audiology when medical causes to the tinnitus,
such as acusticus neuroma or Meniere’s disease
could be excluded. After an initial clinical examina-
tion, 21 patients were excluded, 19 since they did
not have any signs of TMD or malocclusion that
possibly could influence their tinnitus, one because
of a diagnosis of Meniere’s disease and one because
of a viral infection of the statoacusticus nerve. The
remaining 99 patients were offered TMD treatment.
Five of these patients resigned from the treatment

and 10 did not complete it. Two years after comple-
tion of the treatment, the patients were evaluated by
questionnaire. Of the 84 patients that had completed
the treatment two years previously, 11 did not return
the questionnaire, although they received a remin-
der. Thus, of the initial 120 patients, 73 completed
the study, and formed the study group (Figure 1A).
They had a mean (SD) duration of tinnitus of 7.5
(9.6) years. The 45 patients who were not included
did not differ significantly from the study group
regarding the distribution of gender, age, or duration
of tinnitus.

Control group

Eighty-two patients with tinnitus that were referred
from the same specialists in otorhinolaryngology or
audiology as the patients in the study group and were
on the waiting list in June 2002 received the same
questionnaire as the study group. A reminder was
sent to those who had not returned the questionnaire
after one month. Fifty-six of the patients returned
the questionnaire, giving a response rate of 68%. Of
these, 6 were excluded, since the duration of their
tinnitus was less than 2 years. The remaining 50
subjects formed the control group (Figure 1B). They
had a mean (SD) duration of tinnitus of 7.6 (6.1)
years. The 32 patients that were excluded did not

All patients
n=120

64M 56F
47 (13) yr

Drop-outs Treatment
n =36 n=284
23M 13F 42M 42F
46 (13) yr 48 (12) yr
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n=11 n=73

34M 39F

48 (12) yr

No diagnosis No treatment
n=21 n=15
15M 6F 8M 7F 8M 3F
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Figure 1. Patients with tinnitus referred to the Specialist Clinic at
the Institute of Odontology in the period 1997 to 2002. A. The
study group comprised patients with tinnitus and co-existing
temporomandibular disorders (TMD) that had completed TMD
treatment before 30 June 2002 and returned the questionnaire 2
years later. B. The control group comprised patients that were on
the waiting list for an appointment in June 2002 and returned the
questionnaire.



differ significantly from the control group regarding
age or gender.

The study was performed according to the treat-
ment practice outlined by the Declaration of Hel-
sinki, and informed consent was obtained from all
participating subjects.

Whitten questionnaires

Before the clinical examination, the patients in the
study group were asked to fill in two questionnaires.
The first included questions about (1) subjective
symptoms from the temporomandibular system in-
cluding aural symptoms and (2) oral parafunctions.
The second questionnaire included questions re-
garding their tinnitus, including (1) the duration of
tinnitus; (2) the temporal pattern of the tinnitus, i.e.
if it was fluctuating or constant; (3) the severity of
their tinnitus, with the alternatives: none, minor,
moderate, severe, and very severe; and (4) which
treatments they had received for their tinnitus, with
the alternatives: physiotherapy, bite splint/occlusal
adjustment, medical laser therapy, jaw exercises,
acupuncture, masking of the tinnitus sound, phar-
macotherapy, and others (describe which). The last
question (5) concerned the impact of tinnitus on
quality of life, i.e. if their tinnitus affected them to
such a degree that: they were currently on sick leave,
they had sleep disturbances, it influenced their
private life, or it influenced their studies/work.

Chlinical examination

After the patients had filled in the questionnaires a
clinical examination was performed which included
digital palpation of the TMJ and masticatory muscles,
recording of joint sounds, maximal unassisted mouth
opening ability, occlusion and articulation, and
deviations in the sagittal, lateral, and vertical plane,
e.g. crossbite, over jet, and anterior open bite.

Treatment

According to the diagnosis and clinical findings, an
individual treatment plan was made for each patient.
This included information about the association
between tinnitus and TMD and means of self care,
e.g. to relax the jaw and to avoid tooth contacts when
not chewing and to refrain from frequent use of
chewing gum. An occlusal bite splint adjusted
according to Ramfjord & Ash [28] was performed
for patients with localized myalgia or TM] pain and
subjective morning stiffness in jaw muscles (68% of
the patients). When splints were already used by the
patients, they were adjusted if needed. Minor
occlusal adjustment was performed on pre-contact-
ing teeth during mouth closing and articulation in
81% of the subjects. The majority (84%) of the
patients were instructed in jaw exercises, including
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isotonic and isometric exercises. In addition, medical
laser therapy was given to 88% of the patients with a
medical gallium-aluminium-arsenide laser (GaAlAr;
Soft power laser Med-700, Lasotronic AG, Baar,
Switzerland) operating at a wavelength of 820 nm. A
total dose of 1 J was given at each visit to the TM]
and masticatory muscles that were tender upon
digital palpation. The number of visits varied be-
tween 1 and 6, with an average (SD) of 3.7 (1.3).
At the final visit the patients were asked if their
tinnitus was: resolved, reduced, unchanged, or
increased (compared to before the treatment).

Follow-up

Two to 3 years after completion of the treatment, a
questionnaire was sent to the patients by mail. The
questionnaire consisted of questions B3—-B5 from
the tinnitus questionnaire. They were also asked if
their tinnitus had changed compared to 2 years
previously (see above).

The same questionnaire was sent to the control
group. They were also asked about the duration of
their tinnitus and about its temporal pattern (ques-
tions 1-2 from the tinnitus questionnaire), and
whether their tinnitus had changed compared with
2 years previously, similar to the patients in the study
group.

Statistics

Data are presented as mean (SD) unless otherwise
stated. The difference between patient groups re-
garding variables with percentage distribution was
tested for statistical significance with the chi-squared
or the Fisher exact test, while differences before and
after treatment were tested with the McNemar test.
Yates correction factor was used for the chi-square
and McNemar’s tests. The Mann-Whitney U-test
was used to test the significance of the difference
between groups in categorical data, e.g. rating of
severity of symptoms, while the Wilcoxon test was
used to test the difference before and after treatment
in the patient group. Correlations between variables
were tested with the Spearman rank correlation test.
The significance level was set to p <0.05.

Results
Tinnitus

Seventy-nine percent of the patients had tinnitus on
the right side and 85% on the left side. Bilateral
tinnitus was reported by 63%. The majority of
patients (89%) rated their tinnitus as moderate to
very severe (Figure 2) and 36% that the debut of
their tinnitus was associated with periods of in-
creased stress or stressful events, such as exposure to
loud noise. Seventy-eight percent described the



92 M. Tullberg & M. Ernberg

Table I. The frequency (%) of self reported TMD symptoms in 73 patients with tinnitus

Never 1-2 days/month 1-2 days/week Several days/week Daily

Pain in the face and/or jaws 38
Headache 15
Pain during chewing 61
Difficulties to open mouth wide 75
Tiredness in the jaws 23
Joint sounds/locking 34
Vertigo 40
Hyperacusis 11
Ear stuffiness 24

18
33
24

8
17
22
33

9
17

15 13 15
18 16 18
7 2 7
0 4 13
21 17 21
12 6 26
15 4 8
9 27 44
20 17 22

temporal pattern of their tinnitus as fluctuating,
while 28% described it as continuous.

Fourteen percent reported that their tinnitus
started after exposure to loud noise, 10% in combi-
nation with stress, and 8% after trauma. The
remaining patients reported various or unknown
causes.

In the control group, 74% of the patients reported
fluctuating and 26% continuous tinnitus.

Subjective symptoms and oral parafunctions

The frequency of self-reported symptoms is indi-
cated in Table I. Pain-related symptoms were
frequent. For example, 43% of the patients reported
pain in the face or jaws at least 1-2 days per week,
52% headache, and 59% fatigue in the jaws. Also
symptoms from the ear/TM] region occurred fre-
quently, with 44% reporting joint sounds or locking
of the jaw, 59% ear stuffiness, 80% hyperacusis, and
27% vertigo at least 1-2 days per week. Reduced
hearing on any side was reported by 80% of the

N Study group before TMD treatment
1 Study group after TMD treatment
Control group

60

50

40 -

30

Distribution (%)

20

10

1 2 3 4 5
Tinnitus severity (1-5)

Figure 2. Self-report of the severity of the tinnitus before and after
TMD treatment in patients with tinnitus and co-existing TMD
(study group) as well as in a group of untreated tinnitus patients
on a waiting list (control group). The following scale was used:
1 =none, 2 =minor, 3 =moderate, 4 =severe, and 5 =very severe.
The severity of tinnitus in the study group was decreased at
follow-up (Wilcoxon: p=0.004), but did not differ from the
control group before treatment.

patients and was related to tinnitus on the same side
(Spearman: r, =0.59, n =37, p <0.001 right side,
and r, =0.47, n =37, p =0.002 left side).

Seventy-six percent of the patients reported fre-
quent tooth-clenching, 51% grinding, 35% tongue
thrusting, 48% cheek biting, and 17% nail biting.
Almost all of the patients (98%) reported that their
oral parafunctions were associated with periods of
increased stress.

Chlinical examination

The clinical examination confirmed the subjective
symptoms for many of the patients. Forty-five
percent had palpatory tenderness over the TM]
and 44% had joint clicking, while only 8% had joint
crepitation. The median (IQR) number of tempor-
omandibular muscles with pain upon palpation was
6 (8), and 80% of the patients had at least 3 muscles
that were painful upon palpation. The voluntary
mouth opening capacity was 50 mm (7). Thirteen
percent had anterior open bite, 26% had posterior
crossbite, 13% were postnormal, and 4% were
prenormal.

Treatment result

Directly after treatment, 73% of the patients re-
ported that their tinnitus was reduced, while 27%
reported that it was unchanged. None reported an
increase of their tinnitus.

Result at follow-up

Forty-three percent of the patients in the study
group reported that their tinnitus was reduced at
the follow-up 2 years after treatment, 39% that it
was unchanged, and 18% that it was increased.
Twelve percent of the patients in the control group
reported that their tinnitus was reduced compared to
2 years previously, 32% that it was unchanged, and
56% that it was increased. The difference between
groups was significant (x*: p <0.001).

The severity of tinnitus was significantly decreased
at follow up (Figure 2) and the patients reported a
significant improvement regarding quality of life
variables (Table II). An increased number of patients
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Table II. The frequency (%) of perceived effect by tinnitus on quality of life parameters reported by the patients in the study group before

and 2 years after treatment as well as in the control group

Study group

Before After P Control group P
Due to my tinnitus:
I am currently on sick leave 38 21 0.025 30 0.500
I have disturbed sleeping 65 45 0.009 68 0.998
My private life is affected 74 49 0.019 60 0.194
My work/studies is affected 72 43 0.029 54 0.070

p =p-value. The McNemar’s test was used to compare patients before and after tretament and chi-square test was used to compare patients

before treatment with controls.

reported that they had received occlusal therapy, jaw
exercises, medical laser therapy, and masking of the
tinnitus sound at follow-up (Table III).

Split of study group into subgroups

Since almost half of the patients in the study group
reported an improvement of their tinnitus at the
follow-up (subgroup 1), while the other half re-
ported that their tinnitus was unchanged or impaired
(subgroup 2), we decided to investigate whether
these two subgroups differed in self-reported symp-
toms or clinical signs before treatment.

The groups did not differ with respect to severity
of tinnitus before treatment, but differed signifi-
cantly at follow-up (Mann-Whitney: p <0.001).
Eighty-seven percent in subgroup 1 and 62% in
subgroup 2 reported an improvement of their
tinnitus directly after treatment. The difference
between groups was significant (x* p=0.034).
Subgroup 1 reported fluctuating tinnitus signifi-
cantly more often than subgroup 2; 95% compared
to 66% (Fisher exact test: p =0.017). There were no
significant differences between subgroups regarding
any other variable.

Differences berween the study group and the control group
in background variables

The duration of tinnitus was significantly longer in
the patient group than in the control group (Mann-
Whitney: median 5 and 3 years, respectively; p =

0.013). A larger proportion of patients in the control
group had received masking therapy compared to
the study group (Table III), but there were no
differences between groups regarding age, the pro-
portion of patients with fluctuating tinnitus, the
severity of tinnitus (Figure 2), or the impact of
tinnitus on quality of life (Table II).

Discussion

The major findings of the present study were that
TMD symptoms and signs were frequent in our
group of patients with tinnitus, that TMD treatment
alleviates tinnitus in a long-term perspective, and
that the effect is most beneficial in patients with
fluctuating tinnitus.

The co-existence of tinnitus and TMD is well
described previously. Rubinstein et al. [18] found
that pain on palpation of masticatory muscles,
impaired mandibular mobility, and signs of para-
functions were more prevalent in tinnitus patients
than in epidemiologic samples. Bernhardt et al. [15]
reported that 60% of tinnitus patients, but only 36%
of healthy subjects from the general population, had
TMD symptoms, and Lam et al. [29] reported that
64% of patients with tinnitus had TMD. Of the 120
patients referred to our clinic 101 (82%) showed
signs of TMD. The higher prevalence of TMD signs
in our study compared to previous studies [15] could
be due to a more selected patient sample. Self-
reported pain-related symptoms were also frequent.

Table ITII. The frequency (%) of treatments that the patients in the study group reported that they had received at the first visit and 2 years
after TMD treatment and that the non-treated controls reported that they had received

Study group

Before After P Controls P
Physiotherapy 47 48 0.502 50 0.911
Occulsal therapy 35 84 <0.001 48 0.277
Medical laser therapy 17 68 <0.001 7 0.275
Jaw exercises 31 72 0.003 43 0.397
Acupuncture 47 47 0.683 38 0.539
Masking 10 29 0.001 36 0.004

p =p-value. The McNemar’s test was used to compare patients before and after tretament and chi-square test was used to compare patients

before treatment with controls.



94 M. Tullberg & M. Ernberg

TMD questionnaires are reported to be a good
predictor of TMD signs [30], which is supported
by the findings in this study.

Most of the patients described their tinnitus as
fluctuating, which may not be surprising since it is
the type of tinnitus that has been associated with
TMD [12]. Similar to previous studies [9], left-sided
tinnitus was a little more prevalent than right-sided
tinnitus, although most patients had bilateral tinni-
tus. Furthermore, tinnitus was associated with sub-
jective hearing loss on the ipsilateral side. This could
indicate a relationship between tinnitus and hearing
loss. However, a recent study in TMD patients
found no relation between TMD patients’ subjective
report of hearing loss and objectively assessed
hearing loss by audiometry [19].

Many patients reported that their tinnitus oc-
curred in conjunction with stressful events, although
they did not report high psychological distress at the
time of examination. Similar to the study by
Rubinstein et al. [18], oral parafunctions frequently
occurred and these were reported to be associated
with periods of increased stress. Stress is suggested
as an etiologic factor to tinnitus [31], but is also
frequently associated with TMD [32]. Although the
pathophysiological mechanism that could explain
the co-existence of tinnitus and TMD is unknown,
stress seems to be one possible factor that links the
two disorders.

Previous studies have reported that patients with
co-existing tinnitus and TMD may benefit from
TMD treatment [25-27,33]. In view of this, the
positive treatment result in the present study is not
surprising. Despite the severity of tinnitus before
treatment not differing from the severity in the
control group, the study group reported a significant
improvement of their tinnitus after 2 years and a
concomitant decrease of tinnitus severity, while most
patients in the control group reported that it was
increased or unchanged compared to 2 years pre-
viously. The patients in the study group also
reported improved quality of life. Although no single
treatment could be held responsible for the positive
result, occlusal splint therapy could have been
important, since there is evidence that it has a
positive effect on TMD [34,35]. The use of medical
laser deserves some explanation. We are aware that
this is not a widely used treatment for TMD, but
there is some evidence that it may be effective for
treatment of musculoskeletal disorders [36,37].
Although the mechanism of action is vastly un-
known, it is proposed that it has a pain modulatory
effect on peripheral sensory nerves [38], enhances
the release of B-endorphins from the spinal cord
[39], and increases muscle metabolism [40]. On the
other hand, in all pain treatment there is a consider-
able placebo effect and factors such as the patient’s
expectations of the treatment and wish to satisfy the
therapist also influence the result [41]. As judged

from the questionnaire, the patients in both groups
had received several treatments for their tinnitus
with only minor effect before the TMD treatment.
At follow-up, few patients reported additional
therapy apart from TMD treatment. We therefore
believe that the positive treatment effect on tinnitus
was due to the latter treatment.

This study did not aim to investigate the prog-
nostic value of specific symptoms and signs for the
treatment outcome. However, it is striking that most
patients had fluctuating tinnitus, which previously
has been reported to be associated with a better
prognosis [12,16]. In addition, when the patient
group was divided into subgroups the proportion of
patients with fluctuating tinnitus was twice as high in
the subgroup that reported improvement at the
follow-up. Since this was the only factor that differed
significantly between subgroups, it strongly supports
fluctuating tinnitus being an important prognostic
factor for the outcome of TMD treatment in patients
with tinnitus.

The present study has several methodological
limitations that need to be addressed. First, the
patients were not examined clinically at the follow-
up and we therefore lack knowledge about TMD
signs, such as palpatory pain on this occasion. This is
unfortunate. However, if we consider tinnitus as a
sign of TMD the positive result regarding tinnitus
might indicate that other TMD symptoms were also
improved, although subjective and objective treat-
ment results could be disparate [42].

Secondly, the patients were asked if their current
tinnitus had changed compared to 2 years previously.
It is possible that the patients in the control group
might wish to report impairment in order to receive
an appointment more quickly. Another possibility is
that the subjects’ memory of their tinnitus 2 years
previously is not reliable, since the memory is prone
to error and bias [38,43]. On the other hand, the
patients in the study group scored their current
severity of tinnitus lower at the 2-year follow-up than
before treatment. This may indicate that the im-
provement of tinnitus that they reported was not
biased by lack of memory. In addition, the influence
of memory on reported tinnitus would probably be
similar in both groups. Furthermore, the choice of
control group might not be the most adequate. In all
treatment studies, two parallel groups, one receiving
active treatment and one receiving placebo treat-
ment, is preferable. However, for ethical reasons we
consider such a design inappropriate when studying
long-term treatment effects. Therefore a control
group of patients on a waiting list is the only option
at hand and, indeed, better than no control group.

Thirdly, despite the fact that questionnaires simi-
lar to those used in the present study are commonly
used in the clinic, many of them are not validated.
This is a concern, since their reliability is therefore
unknown. Future research should either validate



these or use other questionnaires that are already
validated.

Although TMD often co-exists with tinnitus, the
patients seldom inform their dentist about their
tinnitus. The most probable reason for this is that
the relation between tinnitus and facial pain has
never occurred to them. However, the beneficial
effect on tinnitus by TMD treatment found in this
and previous studies [25-27,33] is remarkable in
view of the fact that many patients had suffered from
tinnitus for many years and had moderate to severe
tinnitus. In addition, the proportion of patients that
were on sick leave was reduced by almost 30% at the
follow-up, which is a significant positive effect for
both the individual patient and the society. This
suggests that patients with tinnitus should be re-
ferred to a dentist when medical causes of their
tinnitus have been ruled out. Furthermore, dentists
could also aid by asking their patients about the
presence of fluctuating tinnitus and examine the
masticatory system more thoroughly in patients with
a positive answer.

Within the limitations of this study, we
conclude that TMD symptoms and signs are fre-
quent in patients with tinnitus and that TMD
treatment has a good effect on tinnitus in a long-
term perspective, especially in patients with fluctu-
ating tinnitus.
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