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Background: Numerous studies have discussed cases of concomitant temporomandibular disorders (TMD) and otologic symp-
toms (0S). However, attempts to determine the true origin of these symptoms combined with assessments of
the condition of the organ of hearing are relatively rare.

This study aimed to evaluate the frequency and type of OS in patients with TMD, and attempted to determine
the origin of the OS in the studied group of patients.

Material/Methods: 246 patients, aged 40.08+11.12 years (F=147, M=99) with TMD, from the Department of Oral Rehabilitation
of Poznan University of Medical Sciences. Methods: dental history interviews and clinical examinations. There
were 2 groups—G1 and G2-selected on the basis of the presence or absence of OS in the medical history stage.
After audiological evaluation, 2 subgroups were identified: G1.1 and G1.2.

Results: 0S were observed in 36.18% (G1). In 48 patients (53.93%), the audiological evaluation found there was no im-
pairment of the organ of hearing (G1.2). Audiological abnormalities were found in 46.07% (n=41) of the pa-
tients (G1.1). The OS which differentiated the 2 groups were a plugging sensation as well as otalgia (more fre-
quent in group G1.2) and hearing impairment (more frequent in group G1.1).

Conclusions: 1. The OS which most frequently accompany with TMD were fullness and otalgia. 2. It is recommended that
a subjective assessment of hearing loss in patients with TMD and concomitant OS should be included in the
medical history stage. 3. Clicking and popping are significantly more frequent in patients without concomitant
hearing impairment.
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Background

Numerous studies have discussed cases of concomitant tem-
poromandibular disorders (TMD) and otologic symptoms (OS).
The otologic symptoms of TMD within the stomatognathic sys-
tem vary, but often involve otalgia (referred ear pain), tinnitus
lasting for over 5 minutes, hypersensitivity to sounds, a fullness/
plugging sensation, vertigo, and hearing loss [1-3]. Although
the occurrence of the various OS together with functional dis-
turbances of the stomatognathic system (SS) is unquestionable,
an unambiguous explanation of this phenomenon has not been
provided so far. Most probably, it is triggered by connections at
the embryological, anatomical, and physiological levels between
the structures of the middle ear and the SS. At present, there
are several theories that attempt to explain the emergence of
0S in the course of functional disorders of the SS [4-7]. These
include, for instance, theories concerning the direct mechanical
stimulation of the malleus through its connections to the TM)
by means of the discomalleolar ligament (Pinto’s ligament) [8].
The shared innervation of the tensor veli palatini, tympanic
membrane, and masseter via the trigeminal nerve and its ir-
ritation [7], or the contraction of the blood vessels supplying
the hearing receptor, or an oral parafunctional activity (brux-
ism) leading to microtraumas, may also account for the appear-
ance of OS in the course of SS disorders. The aforementioned
theories may partially explain the occurrence of pain, not only
in the neuromuscular system and the masticatory system, but
also in the region of the ear (otalgia) [6]. Otologic complaints,
similarly to tension headaches, and sensations within the oral
cavity and throat, as well as ocular symptoms, are non-charac-
teristic clinical symptoms in the clinical picture of SS function-
al disorders since all of them are located outside the mastica-
tory system [6,9]. Additionally, patients with concomitant OS
of TMD complain of problems with falling asleep, difficulty in
interpersonal communication, unclear speech, and problems
with concentration, as well as anxiety, irritation, and fear con-
nected with chronic symptoms and prolonged diagnostic pro-
cedures [2,3,10]. This leads to a deterioration in their quality of
life and a decrease in their professional capacity [11].

Although many studies have explored the issue of OS coex-
isting with SS dysfunctions, attempts to verify the real origin
of these ailments, together with an appropriate assessment
of the organ of hearing, have been rare [7]. The concomitance
of hearing loss or middle ear disorders may also be a source
of OS localized in the periauricular region, irrespective of the
disturbances and symptoms which appear in the course of SS
disorders. However, the treatment of these symptoms differs
depending on their primary location.

This study aimed to assess the prevalence of otologic signs
and symptoms and the type of reported otologic complaints in
patients with temporomandibular disorders, and to determine
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the origin of otologic symptoms in a group of patients with
functional disturbances of the stomatognathic system [12].

Material and Methods

The study group comprised patients with functional disorders
of the SS who presented at the Clinic of Oral Rehabilitation,
Department of Prosthodontics at Poznan University of Medical
Sciences (PUMS) for the diagnosis and treatment of dysfunc-
tions of the masticatory system.

Initially, each patient underwent dental and audiological eval-
uation in accordance with the following protocol:

1. The dental part:

— History taking (the research diagnostic criteria for temporo-
mandibular disorders — part 1) (RDC-TMD) [12]

General and dental interview — this enabled the influence of

general conditions on SS dysfunctions to be eliminated.

- Specialist dental evaluation (RDC-TMD - part 2) [12].

The assessed factors included the symptoms of muscular
hyperfunction in the region of the masticatory system and
bruxism, i.e., tooth wear (according to Martin’s scale), verti-
cal cracks in the enamel, and impressions on the lateral sur-
faces of the tongue.

2. The audiological part:

— Audiological survey.

The survey concerned the occurrence of tinnitus, ear fullness,
otalgia, hypersensitivity to sounds, and impaired hearing. The
presence or absence of otologic symptoms in the survey en-
abled the division of all the subjects into 2 groups: G1 — pa-
tients who reported the presence of OS in the medical history
stage; and G2 (control group) — patients in the survey with-
out OS (Figure 1).

— Specialist audiological evaluation.

The evaluation was performed to objectively verify the report-
ed otologic complaints with respect to their actual origin, as
well as evaluating the impairments to the organ of hearing.
The performed OS diagnostics made it possible to subdivide
group G1 into 2 subgroups: G1.1 (patients with abnormalities
in the audiological evaluation) and G1.2 (patients without ab-
normalities in the audiological evaluation). The division into
groups and subgroups is illustrated in Figure 1.

To assess the organ of hearing, objective hearing tests and
psychophysical methods were employed, all of which were
performed at the Department and Clinic of Phoniatrics and
Audiology. The following audiological tests were performed
each time [13-15]:
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Figure 1. A graphical representation of patients with functional
disturbances of the SS (TMD), including subjective and
objective otologic symptoms.

Otoscopy: a visual assessment of the external auditory me-
atus and the tympanic membrane — an analysis of color, mo-
bility, post-inflammatory scarring, and the presence of tym-
panic perforation (Heine mini 3000 otoscope with built-in light
source and optical magnifying system).

Acoumetric tests: (the whisper test) the most physiological ap-
proximate assessment of hearing via air conduction and the
ability to discriminate speech.

Tuning fork tests: an evaluation of the bone and air conduc-
tion of sound — Weber’s test assesses the lateralization of the
vibrating tuning fork placed on the apex of the skull; Rinne’s
test compares the duration of bone and air conduction in a
given ear; Schwabach’s test compares the time of bone con-
duction in the patient and the investigator (265 Hz and 512 Hz
tuning forks).

Pure tone audiometry: measuring the hearing thresholds for
air and bone conduction within the frequencies 125-8000 Hz,
separately for each ear; this qualitatively and quantitatively
evaluates hearing loss (AD 229e manual audiometer manufac-
tured by Interacoustic).

Impedance audiometry: evaluating the changes in acoustic im-
pedance of the conductive system, being a function of pressure
changes in the external auditory meatus (tympanometry), as
well as an acoustic reflex threshold test (AT 235h impedance
audiometer manufactured by Interacoustic).

Auditory brainstem responses: an evaluation of the changes
in electrical activity in the individual fragments of the audito-
ry pathway under the influence of acoustic stimuli (Vivisonic
Integrity V 500).

Otoacoustic emission (DPOAE - distortion-product otoacoustic
emission): an assessment of the micromechanics of the cochlea;
as a result of which, the responses, otoemission signals, are
recorded for individual frequencies (Vivisonic Integrity V 500).
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Table 1. Exclusion criteria regarding participation in the clinical
research.

Exclusion criteria

Epilepsy

The evaluation was approved by the PUMS Bioethical
Committee, and the patients, having been informed about
the objectives and the course of the test, signed an informed
consent form to participate in the test.

The obtained data underwent statistical analysis with Statistica
10 PL software (StatSoft). To investigate the relevance of differ-
ences between the tested groups, non-parametric tests were
used for the qualitative variables — the chi-square test and
Fisher’s exact test. Tests for proportions were used as well,
with the significance level being assumed at p>0.05.

Results

Having taken into consideration the proper exclusion criteria
(Table 1), out of a total of 455 patients, 246 with an average
age of 40.08+11.12 qualified for the research (F=147, M=99).

On the basis of the audiological survey, OS were observed in
36.18% of participants (n=89) — group G1. To verify the report-
ed otologic symptoms and to assess their source, the group
underwent specialist examinations. Objectively-found audio-
logical abnormalities were confirmed in 46.07% (n=41) of par-
ticipants (group G1). A sensorineural hearing loss was found in
25 subjects, conductive hearing loss in 11, and mixed hearing
loss in 5. The causes of hearing impairment determined on the
basis of audiological criteria are presented in Figure 2. The as-
sessment of the degree of hearing loss is presented in Figure 3.

The percentage distribution of OS in individual subgroups is
presented in Table 2.

Statistically significant differences were found between the
otologic symptoms in the 2 groups: ear fullness and otalgia
were more frequent in G1.2, and progressive hearing loss was
more frequent in G1.1.
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Figure 2. Diagnosed disorders of the organ of hearing in patients
in subgroup G1.1.

The participants presented with a considerable variety and
variability of symptoms regarding SS disturbances. Their type
and frequency of occurrence were analyzed in the groups list-
ed below (Table 3).
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The normal condition of the organ of hearing was found in 48
patients (53.93% — subgroup G1.2). In these patients, the re-
sults of the audiological evaluation were within normal rang-
es: in pure tone audiometry, the average hearing threshold for
the right ear was 12.52+5.16 decibels hearing level (dBHL), and
for the left ear 10.70+6.37 (dBHL); tuning fork test results were
normal, i.e., Weber’s was inside the head and Rinne’s was bi-
laterally positive; and in impedance audiometry there were
A-type curves bilaterally as well as acoustic reflexes present
for the frequencies 0.5, 1, 2, and 4 kHz.

Discussion

Many authors point to the fact that OS are concomitant in pa-
tients with SS dysfunctions [1,2,4,16-18]. The concomitance
of both these disorders fluctuates within a wide range (2% to
82.4%) [19,20]. The literature includes infrequent reports of si-
multaneous otolaryngological and audiological evaluations of
patients with SS disturbances in order to verify the reported
0S [7]. In the present study, we performed diagnostic proce-
dures that made it possible to reliably connect SS dysfunction

Table 2. Percentage distribution of the frequency of otologic symptoms in subgroups and their statistical relevance, including p value

(significance level p<0.05).

Otological symptom

Hypersensitivity to

Hearing loss
sounds 8

Otalgia

Tinnitus Ear fullness
G 1.1 (n=41) n=15 36.59% n=11 26.83%
G 1.2 (n=48) n=21 43.75% n=33 68.75%
p p=0.478 p=0.0001

n=18 43.90% n=8 19.51% n=30 73.17%
n=37 77.08% n=18 37.50% n=8 16.67%
p=0.0012 p=0.2206 p=0.0000

Table 3. The most frequent symptoms of functional disturbances of SS in patients in individual groups and subgroups, including p

value (significance level p<0.05).

Symptom

p

G1.1 vs. G1.2

Tenderness of SS muscles 87 97.75% 125 79.62%
Tooth wear 71 79.78% 129 82.17%
Impressions on tongue 54 60.67% 62 39.49%
Cracks of enamel 50 56.18% 74 47.13%
Tenderness of TM) on 55 61.78% 72 45.86%
palpation

Popping/clicking in TM) 47 5281% 118 75.16%
Masseter hypertrophy 53 59.55% 92 58.59%
S-shaped mandibular 30 43.82% 91 57.96%

abduction path

p=0.0001 39 95.12% 48 100%  p=0.1217
p=0.6441 26 63.41% 45 93.75%
p=0.0014 19 4634% 35 72.92%
p=0.1727 17 4146% 33 68.75%
p=0.0162 18 43.90% 37 77.08%
p=0.0003 21 51.22% 26 54.17%

p=0.0328 18
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Figure 3. Causes of impairment of the organ of

hearing in subgroup G1.1 (%).

symptoms with OS through an appropriate selection and stan-
dardization of the groups of studied patients.

We found otologic symptoms in more than one-third of the par-
ticipants (G1=36.18%, n=89) (Figure 1). The frequency of the
occurrence of OS with hearing impairment was 46.07% in the
G1.1 subgroup (16.67% of the total number of the evaluated
subjects). These patients were diagnosed with certain audio-
logical disturbances (Figures 2, 3). In 48 patients (53.93% of
the subjects with OS) no objective abnormalities were record-
ed in the audiological tests (G1.2), although all of them had
subjective complaints. This suggests that there is a possibility
of SS dysfunctions coexisting with impairments to the organ
of hearing, as well as the necessity to distinguish the source
of the troublesome symptoms [20]. In contrast, in 48 patients
(53.93% — 19.51% of the total number of subjects), no objective
abnormalities were recorded in the audiological tests (G1.2).

The most frequent OS in the G1.2 group was referred ear pain,
i.e., otalgia (Table 2), which is the symptom often mentioned
in the literature [2,17,20-23]. Kuttiula noted the occurrence
of otalgia in 40-49% of patients with TMD [21] and De Felicio
found this in almost 60% [20]. In the present study, the per-
centage was lower and amounted to 22.37% of the group as
a whole (n=246). However, in the group with S (G1), the per-
centage was comparable and was 61.79% (n=89). The overall
figure obtained of 22.37% may be the result of a more detailed
interview as well as the audiological evaluation, in which no
indicators of otitis were found in any of the cases. The exces-
sive tenderness of the stomatognathic region, as well as the
temporomandibular joint (TMJ) region, but not the ear, which
was found significantly more often in the control group (G2)
as compared to the G1 group (Table 3), points to the fact that
otalgia may be of articulatory origin.

An equally frequent OS was ear fullness/ear discomfort
- 17.89% (n=246); and 49.44% in group G1 (n=89) (Table 2).

Only a few authors have analyzed this OS: Kuttiula et al. re-
ported ear fullness in 5-9% of cases [21] and Kaygusuzi et al.
reported this in 13.6% of cases [23]. Nevertheless, if the
scope of the survey question is extended to include non-spe-
cific symptoms that are still located within the ear (ear full-
ness and/or ear discomfort, but differentiating and excluding
pain), the percentage of reported OS is as high as 8.4% of the
4528 patients studied in Cooper’s research [19]. In the pres-
ent research, ear fullness with otalgia but without hearing
impairment were the symptoms that differentiated the sub-
groups G1.1 and G1.2 (p=0.0001 and p=0.0012, respective-
ly) (Table 2). These results may confirm the anatomical rela-
tionships between the organ of hearing and the SS and they
may also point to the transmission of tensions or overloads
due to the closeness of their developmental origin.

Tinnitus was present in 14.63% (n=246) of cases, which is
40.45% of the reported OS in group G1. According to the lit-
erature, the range in tinnitus is wide. In an article by Tuz, out
of 200 patients with SS disturbances, 155 patients reported
0S, 91 of whom (45.4%) reported tinnitus [2]. In an analysis
by Buergers et al,, tinnitus was 8 times more frequent in pa-
tients with TMD (30 out of 82; 36.6%) than in the group with-
out such disorders (38 out of 869; 4.4%) [24]; while De Felicio’s
study found it in 74.4% of cases [20].

Hypersensitivity to sounds was reported by 10.57% (n=246)
of patients, 19.51% in group G1 (Table 2). This is not surpris-
ing, taking into consideration the characteristic, usually emo-
tional, nature of such patients [25].

It is worth mentioning that symptoms such as tinnitus or hy-
persensitivity to sounds were not differentiated for the groups
with and without hearing impairment (p>0.05) (Table 2). These
symptoms may often be conditioned by audiological, dental,
and psychogenic factors [3,6].
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Figure 4. The degree of hearing loss in group G1.1 (n=41).

Hearing impairment was reported in the audiologi-
cal survey by 15.45% of the 246 patients (42.70% of
group G1) (Figure 3, Table 2). However, verification by means
of the audiological evaluation revealed normal hearing thresh-
olds for 48 patients in group G1.2 (Figure 1). The subjective
sensation of deteriorated hearing in this group may result from
the discomfort of the preauricular and articulatory region, as
well as from concomitant complaints such as ear fullness/ear
plugging. Similar observations were made by De Felicio [20].

It should be emphasized that in the group of patients with
TMD, the differentiating factor is hearing loss. It is more of-
ten considered to be connected with certain otologic disorders
than with functional disturbances of the SS (p=0.0000, Table 2).
Therefore, in questionable cases, the origin of OS should be
determined by means of a hearing test.

The literature points to the fact that patients with TMD and
concomitant OS present with greater tenderness on palpa-
tion, as well as increased soreness, as compared with patients
with SS disturbances but not suffering from 0S [1,2,5,16,17].
In this research, the presence of OS in the G1.2 subgroup was
related to the greater frequency of dental symptoms such as
impressions on the tongue, cracks in the enamel, tenderness
of the TMJ, tooth wear, and masseter hypertrophy (Table 3).
Therefore, OS may suggest a greater intensity of symptoms
connected with the masticatory system and more advanced
changes in comparison with the control group. In contrast,
clicking and a disturbed path of mandibular abduction were
significantly more frequent in those cases of functional dis-
turbances of the TMJ without OS (G2). It is possible that the
presence of OS may indicate a different degree in the inten-
sity of changes, a different mechanism leading to SS dysfunc-
tion, or an individual adaptive capacity of the SS.

The studied group presented mainly with a slight degree
of hearing loss, both conductive (connected with lesions in
the middle ear — post-inflammatory lesions, allergic lesions
- along with disturbances in the function of the eustachian

Maciejewska-Szaniec Z. et al.:
Otologic symptoms in patients with TMD
© Med Sci Monit, 2017; 23: 5123-5129

tubes) and sensorineural, resulting from damage to the inner
ear (Figures 2, 4). Slight hearing loss is related to aging, the so-
called presbycusis. This phenomenon manifests itself through
disturbances in hearing and understanding speech as a result
of involutional changes during the aging process, and is ob-
served mostly in people over 65 years of age. However, the
aging process in the organ of hearing is not always identical
and is characterized by considerable individual variability [26].

Slight high- or low-frequency hearing loss may remain unno-
ticed in its early stages in everyday life since it does not sig-
nificantly influence the understanding of speech. Thus, it only
tends to be revealed by means of specialist hearing tests.
Nevertheless, any existing impairment to the organ of hearing
may lead to tinnitus and discomfort, as well as ear fullness.
Moreover, disturbances in muscular activity and pathologi-
cal changes within the TM) may at first develop impercepti-
bly, the only manifestations being OS. Therefore, patients are
not usually aware of them or they wrongly attribute the ob-
served symptoms to other diseases, which is reflected both
in our material and in the relevant literature [6]. There were
various reasons for the hearing loss (Figure 3). It is worth not-
ing that many of them can be treated by drugs or by using a
hearing aid. As a result, OS in patients with SS can be verified
after audiological/laryngological consultation.

Due to the untypical radiating localization of pain symptoms in
the course of TMD, patients do not associate them with symp-
toms related to the abnormal functions of the SS and tend to
seek the help of other specialists rather than a dentist (e.g.,
otorhinolaryngologists, audiologists, neurologists, psychia-
trists or ophthalmologists) [6]. It is estimated that every day,
on average, 2-3 patients visiting an audiological-laryngologi-
cal practice are patients with OS concomitant with function-
al disturbances of the SS, but without objective indicators of
changes within the external ear, and without any impairment
of the organ of hearing in audiological evaluations. Kent, on
the basis of his longstanding experience from his own otolar-
yngological practice, reports that patients with OS concomitant
with SS complaints spend, on average, approximately 6 years
looking for effective medical (i.e., dental) assistance [16]. This
suggests that SS dysfunctions are often overlooked in general
diagnoses, and the frequency of their occurrence in the popu-
lation is underestimated.

Conclusions

1. The otologic symptoms which are most frequently concom-
itant with TMD are plugging and fullness sensations in the
ear, as well as otalgia.

2. It is recommended that a subjective assessment of hearing
loss in patients with TMD and concomitant OS should be
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included in the medical history stage. Hearing loss may be Conflicts of interest
related to objective hearing impairment and produce oto-
logic symptoms unrelated to the condition of the mastica- None.
tory system.
3. Dental examination proves that clicking and popping are
significantly more frequent in patients without concomi-
tant hearing impairment.
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