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Neuro-otological findings in tinnitus patients with
normal hearing
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Abstract
Introduction: Tinnitus is usually associated with hearing loss, and patients with tinnitus and normal
hearing are unusual. Neuro-otological findings have not previously been described in tinnitus patients
with normal hearing.

Aim: To analyse neuro-otological examination results from a group of tinnitus patients with normal
hearing.

Materials and methods: Seventeen normal-hearing tinnitus patients seen over a 10-year period were
retrospectively evaluated. Their results were compared with those of a control group of 17 normal
subjects without tinnitus.

Results: The main neuro-otological finding in the tinnitus patients was caloric test abnormality: a
unilateral canal paresis was present in 15 of the 17 patients. Caloric tests were normal in 15 of the 17
control subjects.

Conclusion: We may infer from these results that tinnitus could be the only clinical manifestation of a
cochlear – and presumably cochleo-vestibular – lesion, and that unilateral canal paresis may be the only
abnormal finding on neuro-otological examination.
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Introduction

Tinnitus is the general term for a sound sensation
experienced in the head or ears which cannot be
attributed to an external sound source.1 It is a
common disorder which is very prevalent in the
general population and causes considerable morbid-
ity, and which may interfere with sleep, concen-
tration, emotional balance and patients’ social life.2

Although tinnitus may occur in children, it is most
common among the elderly, with an increase in preva-
lence as age increases.3

Tinnitus is usually associated with hearing loss,4

and the severity of tinnitus is often found to increase
with the degree of hearing loss.5 It has been reported
that 85 to 96 per cent of patients with tinnitus have
some degree of hearing loss,6 and that only 8 to 10
per cent have normal audiometry results.7 The
limited literature on patients with tinnitus but
normal audiometry is restricted to the study of otoa-
coustic emissions,8 auditory brainstem responses,9

auditory processing,10 high frequency audiometry11

and zinc deficiency.12 Although tinnitus character-
istics have been described in patients with normal
hearing,13 neuro-otological findings have not been
reported in such patients.

We report a neuro-otological clinical study in a
group of 17 tinnitus patients with normal hearing.

Materials and methods

Of 457 patients examined over a period of 10 years
(1998–2007), we retrospectively evaluated a group
of 17 patients with normal audiometric findings (3.7
per cent) whose only symptom was tinnitus.

We excluded patients presenting with a history of
hearing loss, a sensation of fullness in the ears or ves-
tibular symptoms (such as vertigo, dizziness or gait
ataxia). The same exclusion criteria were applied to
control subjects.

All patients underwent a complete neuro-otological
assessment, which included tests of stance and
gait, cerebellar examination, audiological evaluation,
caloric tests (Fitzgerald and Hallpike technique),14

electronystagmography, and evaluation of spon-
taneous, positional and optokinetic nystagmus.

A control group of 17 normal subjects without tinni-
tus was also studied as a baseline. All these subjects had
normal hearing and no auditory or vestibular symp-
toms. These subjects underwent caloric testing, audio-
metry (using an Interacoustic Clinical Audiometer
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AC 30; Interacoustics, Denmark), Romberg testing
and Bárány’s pointing test.

Results

The 17 patients in the tinnitus group comprised 11
(65 per cent) men and six (35 per cent) women,
with a male–female ratio of approximately 3:2.
Patients’ age distribution ranged from 24 to 56
years, with a mean age of 44.29+ 9.58 years.

In the tinnitus group, localisation of tinnitus was
unilateral in 15 patients (10 in the right ear and five
in the left ear) and bilateral in the two remaining
cases. The tinnitus tone was high-pitched in eight
patients, low-pitched in seven and of mixed pitch in
the remaining two. Only one patient had tinnitus so
severe it interfered with sleep. The clinical course of
the tinnitus was classified as either fluctuating (i.e. tin-
nitus intensity significantly varied during the day; 11
patients), permanent (i.e. no changes in intensity;
three) or progressive (i.e. intensity increased with
time; three).

All patients showed normal and symmetrical pure
tone thresholds in all frequencies (up to 25 dB HL
in the frequency range 0.25 to 8 kHz). Gait was
normal in all patients, and there was no evidence of
neocerebellar signs, spontaneous nystagmus, pos-
itional nystagmus or abnormal optokinetic nystagmus.
Although all patients were negative for the Romberg
test, all exhibited a sensitised Romberg test response
(i.e. when the patient was pushed sideways in the
Romberg test position, they tended to lose balance
to one side only). In all 15 patients with unilateral tin-
nitus, the Romberg test was sensitised towards the
same side as the tinnitus. In the remaining two cases
with bilateral tinnitus, the Romberg test was sensitised
to the right, and right canal paresis was found.
Bárány’s pointing test was abnormal in five of the 17
patients (29.4 per cent). Of these five patients, the
four with complaints of unilateral tinnitus had a devi-
ation towards the same side as the tinnitus, and the
remaining patient, with bilateral tinnitus, had an ipsi-
lateral deviation to the side of the canal paresis.
Caloric tests were abnormal in the 15 patients (15/
17; 88.2 per cent) with unilateral canal paresis; the
remaining two patients had normal caloric tests
results. Tinnitus was unilateral in 13 of the 15 patients
with unilateral canal paresis. In these 13 patients, 12
had tinnitus ipsilateral to the canal paresis; in the
remaining patient, tinnitus was contralateral. In the
two patients with bilateral tinnitus, the side of
the canal paresis corresponded well with the side of
the sensitised Romberg test.

One of our patients was of special interest, a
56-year-old man who complained of right-sided tin-
nitus (described as a ‘buzzing sound’) for more
than three months. Originally present only in the
mornings, the tinnitus had become more marked in
the last month, being present during the entire day
and also occurring at night. The patient denied
hearing loss, a sensation of pressure in the ears, dizzi-
ness, vertigo or gait disturbance. Audiometry was
normal and the Romberg test was negative, but a sen-
sitised Romberg test to the right was found. Caloric

tests showed a right canal paresis. This patient’s tin-
nitus disappeared after some months, along with his
sensitised Romberg test. However, he returned
approximately 18 months later, having experienced
a severe vertigo crisis. On this occasion, a markedly
sensitised Romberg to the right was again found.

The control group comprised 17 healthy subjects
with normal hearing and no auditory or vestibular
symptoms, including tinnitus. There were 11 men
and six women, with ages ranging from 25 to 62
years and a mean age of 43.88+10.62 years. In
marked contrast with the tinnitus group, the
Romberg test was negative in all control subjects,
as was the sensitised Romberg test. The pointing
test was normal in 16 of the 17 subjects. Caloric
tests were normal in the majority (15/17; 88.2 per
cent), whereas unilateral canal paresis was found in
the remaining two subjects (Figure 1).

Discussion

The higher incidence of tinnitus in men has been com-
mented upon by other authors,3 whose findings corre-
late very well with our own. Patients with tinnitus and
normal audiometry are infrequent, with a reported
incidence of 8–10 per cent.7 A recent study of 744 tin-
nitus patients found that 7.4 per cent had normal
hearing.13 In the present study, among 457 tinnitus
patients examined over a 10-year period, we found
17 (3.7 per cent) with normal hearing.

In the majority of our normal-hearing tinnitus
patients (15 of 17), caloric tests indicated a unilateral
canal paresis. Of these patients, 13 had unilateral tin-
nitus and two had bilateral tinnitus. In 12 of the 13
patients with unilateral tinnitus, the canal paresis
was ipsilateral to the tinnitus. It is also important to
note that the Romberg test was sensitised towards
the same side as the tinnitus in all 15 patients with
unilateral tinnitus. In four of five patients with an
abnormal pointing test tinnitus was unilateral; in all
of them tinnitus was ipsilateral to the canal paresis
and to the side of the deviation of pointing test.

FIG. 1

Patients and control subjects with abnormal pointing test (PT),
sensitised Romberg test (RT) and canal paresis (CP) results.
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In the remaining case with bilateral tinnitus, the
pointing test deviated to the right and a right canal
paresis was found.

In sharp contrast to the findings in our tinnitus
patient group, none of our control group subjects
had a sensitised Romberg test, 16 of 17 had a normal
pointing test, and 15 of 17 had normal caloric tests.

It is interesting to note that patients with substan-
tiated cochlear lesions may exhibit normal pure tone
audiograms. Morales-Garcı́a and Hood15 reported
two patients with normal pure tone audiograms in
whom marked tone decay was found to occur. One
had a cholesteatoma of the cerebellopontine angle,
and the other had unilateral vestibular nerve section.
A similar case was reported by Sörensen.16 Schucknecht
and Woellner17 conducted an experimental study of
hearing loss following partial section of the cochlea
nerve, using a feline model, and showed that a
large number of nerve fibres may be destroyed
without affecting the hearing level. It may therefore
be inferred that the pronounced tone decay observed
in the above-mentioned two cases was the result of
injury to the VIIIth nerve fibres.

. Neuro-otological findings have not previously
been reported in patients with tinnitus and
normal hearing

. This paper presents neuro-otological findings
in 17 such patients

. In 15 of the 17 patients, a unilateral canal
paresis was found on caloric testing

. In 12 of 13 patients with unilateral tinnitus,
canal paresis was ipsilateral to the tinnitus

. Tinnitus may be the only clinical manifestation
of a cochlear, and presumably
cochleo-vestibular, lesion, and unilateral canal
paresis may be the only abnormal finding on
neuro-otological examination

Based on the previously reported fact that patients
with cochlear lesions may have normal hearing, we
may infer that, in our group of normal-hearing patients,
tinnitus may be the only apparent manifestation of
a cochlear – and presumably cochleo-vestibular –
lesion. Upon neuro-otological examination of these
patients, a unilateral canal paresis may be the only
additional abnormal finding.
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16 Sörensen H. Clinical application of continuous threshold
recording. Acta Otolaryngol 1962;54:403–22

17 Schuknecht HF, Woellner RC. Hearing losses following
partial section of cochlear nerve. Laryngoscope 1953;63:
441–65

Address for correspondence:
Dr Carlos Morales-Garcia,
Luis Thayer Ojeda Norte 0115-Of 705,
Santiago 9, Chile.

Fax: (56 2) 232 2763
E-mail: cvmoralesg@vtr.net

Dr C Morales-Garcia takes responsibility for the integrity
of the content of the paper.
Competing interests: None declared

C MORALES-GARCIA, G QUIROZ, J M MATAMALA et al.476

https://doi.org/10.1017/S0022215109992404 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215109992404

