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Introduction

Tinnitus is a condition in which the individual perceives a
sound in the ears or in the head in the absence of outside
sounds. A multidisciplinary approach should be used for the
treatment of tinnitus as its physiopathology is not fully
understood and it seems to be related to disorders of the
outer, middle, or inner ears; brain stem; and cerebral cortex.1

Individuals with tinnitus frequently report sleep disor-
ders, concentration and attention problems, and symptoms of

anxiety and/or depression. These problems can cause diffi-
culties at work and can compromise socialization with family
and leisure activities, interfering with social habits and daily
dynamics. Each patient is affected differently, irrespective of
presence of hearing impairment, and the condition has major
negative consequences on quality of life and psychological
state.2

Tinnitus may be associatedwith abnormalities in any level
of the auditory pathways. However, it starts very often in the
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Abstract Introduction Analysis of the suppression effect is a simple method to evaluate
cochlear status and central auditory mechanisms and, more specifically, the medial
olivocochlear system. This structure may be involved in the generation of mechanisms
that cause tinnitus and in the pathophysiology of tinnitus in patients with tinnitus and
normal hearing.
Objective To review the literature of the etiology of tinnitus on the lights of
otoacoustic emissions in patients with normal hearing.
Data Synthesis Individuals with tinnitus and normal hearing have a higher prevalence
of alterations in transient-evoked otoacoustic emissions and distortion-product otoa-
coustic emissions than normal subjects. This fact suggests that dysfunctions of the
outer hair cells (OHCs) might be important in the generation of the tinnitus; however,
this feature is not always present in those who have the symptoms of tinnitus.
Final Comments These findings suggest that OHC dysfunction is not necessary for
tinnitus development—that is, there might be mechanisms other than OHC damage in
the tinnitus development. On the other hand, OHC dysfunction alone is not sufficient to
cause the symptom, because a great many individuals with OHC dysfunction did not
complain about tinnitus.
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cochlea. Jastreboff considers that tinnitus usually starts in the
cochlea and later generates abnormal activity in the central
pathway, which perpetuates the symptom.3

Several studies have investigated the relationship between
tinnitus and dysfunction of the efferent auditory system by
measuring the suppression of otoacoustic emissions (OAEs).
Evidence indicates that subtle changes in cochlear function
can be detected by OAE testing even before the occurrence of
significant changes in the patient’s audiogram.4 Therefore,
the study of OAEs and its suppression are extremely impor-
tant and have become increasingly necessary for the differ-
ential diagnosis of diseases that might cause tinnitus.

This article reviews the literature on OAE testing and
suppression of OAEs in patients with normal hearing and
tinnitus.

Review of the Literature

Otoacoustic Emissions
At the end of the 1970s, Kemp defined OAEs as the release of
sound energy produced in the cochlea and its propagation to
the middle ear and external acoustic meatus.5 The author
suggested that these emissions are produced by the outer hair
cells (OHCs) of the cochlea as a result of active and nonlinear
mechanical feedback processes, which can be spontaneous or
evoked by sounds of low and medium intensity.5 OAEs are
classified as spontaneous or evoked. The latter are divided
into transient, distortion-product, or stimulus-frequency
OAEs.

Spontaneous otoacoustic emissions (SOAE) are narrow-
band signals recorded in the ear canal in the absence of an
acoustic stimulus, which can be detected in �50% of individ-
uals with normal hearing. SOAEs disappear in the frequency
range associated with hearing losses that exceed 30-dB HL
(hearing level) and are present at normal auditory thresh-
olds.6,7 The clinical applicability of SOAEs is restricted be-
cause this screening test is of low specificity. In addition,
these OAEs may be absent even in individuals with normal
middle and inner ear function.8

Transient-evoked otoacoustic emissions (TEOAEs) are low-
intensity responses produced by the cochlea. These emissions
are sound waves emitted after a short acoustic stimulus
(clicks or tone bursts) that occur over a wide range of
frequencies, thus permitting broad stimulation of the co-
chlea.7,8 TEOAEs can be detected in individuals with normal
OHC function at the frequency analyzed, or in individuals
with auditory thresholds below 30-dB HL. TEOAE screening is
able to detect impaired hearing but is unable to identify the
type and degree of impairment.9,10

Like TEOAE, distortion-product otoacoustic emissions
(DPOAEs) are sounds generated by OHCs in response to
concomitant stimulation with two pure tones (f1 and f2)
with closely similar frequencies (f2/f1 ¼ 1.22). By convention,
the lower-frequency pure tone is referred to as primary f1 and
its intensity level is L1. The higher-frequency tone is called f2
and its intensity level is L2. The parameters analyzed in
DPOAE testing are amplitude of the signal and signal-to-noise
ratio.5,11,12 Studies using DPOAEs showed that this type of

emission is present in individualswithmild hearing loss of up
to 50 dB, depending on the intensity levels used.11,13 The
advantage of this type of OAE is the greater specificity of the
frequency, which permits evaluation of cochlear function
from the basal (high frequencies) to the apical (low frequen-
cies) turns by varying the primary frequencies of the evoking
stimuli.4,14

Effect of Otoacoustic Emission Suppression
Analysis of the suppression effect is a simple method that
permits evaluation of cochlear status and central auditory
mechanisms, more specifically, the medial olivocochlear sys-
tem.15 In 1946, Rasmussen16 described the anatomy of the
efferent auditory pathway. In the cochlea, efferent control
occurs through the olivocochlear system that originates in the
superior olivary complex. The system comprises two main
bundles, the lateral and medial bundle. The lateral bundle
consists of unmyelinated fibers that project ipsilaterally from
the lateral region of the superior olivary complex to the inner
hair cells. The medial bundle is composed mainly of crossed
(�80%)myelinated fibers that originate in the area around the
medial superior olivewhere they directly innervate the OHCs.
The olivocochlear system can be activated by electrical or
chemical stimulation or noise. Once activated, the system
inhibits OHC contraction, thus reducing the amplitude of
OAEs.7,15,17 As a consequence, the effect of suppression of
evoked OAEs is characterized by a reduction in the response
amplitude or by latency and phase changes when a contra-
lateral noise is introduced simultaneously to the recording.18

The suppression value is calculated as the difference
between the values obtained in the presence and absence
of the stimulus. In this respect, a suppression effect is
considered to be present when there is a reduction of at
least 0.5-dB SPL (sound pressure level) in OAE amplitudes in
the presence of a contralateral noise. A suppression effect of
0.5 to 1.0 indicates integrity of the medial olivocochlear
system.19,20

The presence of a suppression effect in individuals with
normal hearing thresholds is a phenomenon reported in a
large number of studies. The suppressor stimulus frequently
employed is a contralateral broadband noise. However, ipsi-
lateral or simultaneous noise stimuli have been used in
different studies.15,21,22

Tinnitus Generation Mechanisms
Many theories describe the generation of tinnitus. In this
study, only those that possess direct relationship with the
exams of EOA and suppression will be described.

One of the theories for the tinnitus is that it might occur by
virtue of the SOAEs (although nowadays this theory is not
well accepted). The incidence of tinnitus originated by the
SOAEs is frequently uncommon and occurs in less than 10% of
the population with tinnitus.23

Another hypothesis for tinnitus refers to the existing
disproportional damage between the hair cells. Traumatic
situations such as exposure to intense noise or use of ototoxic
drugs may cause cochlear damage. These injuries initially
occur in the basal portion of the basilar membrane (region of
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high frequencies) and in the outer hair cells (OHCs), following
the inner hair cells (IHCs). In this way, it is possible to observe
cochlear regions with total lesion of the outer and inner hair
cells and other areas of the cochlea with lesion on the OHCs
but with unharmed IHCs. The alterations of the mechanic
properties of the organ of Corti with lesions on the OHCs
produce a tonic depolarization (blocking by depolarization)
of the IHCs and the appearance of an irregular activity on the
afferent fibers.24,25

When there is a lesion of a group of OHCs, a reduction of
entrance of the auditory information is observed, provoking
diminished efferent activity and inhibition of rapid contrac-
tions of the OHCs in this region. Considering that the inner-
vation of the efferent fibers is very diffuse, it is possible
that this inhibition affects adjacent healthy regions, causing
the hyperactivity of the healthy OHCs perceived as being
tinnitus.1,26

Granjeiro at the University of Brasilia stated that probably
the less efferent inhibition in the ears with tinnitus results
from functional characteristics of the efferent system with
possible origin on the cochlea ormedial olivocochlear system,
on the activation of the medial olivocochlear system (MOC
system), or with an association of many possibilities.6

The medial efferent system influenced by the autonomic
nervous system also is another hypothesis, possibly causing
oscillations of the symptoms of tinnitus as a consequence of
stress, suggesting the presence of parasympathetic activity in
the efferent disinhibition.27

Discussion

OAE testing has been used as part of the protocol of audiologic
evaluations and is currently an important tool in studies on
tinnitus. Tinnitus is a frequently reported symptom, even in
patients with normal hearing. A study conducted at the
University Hospital of Santa Maria analyzed 480 audiologic
evaluations performed between 2005 and 2008 and found
normal hearing in 17.08% and tinnitus in 7.5%.28 A significant
difference was observed between genders, with a higher
prevalence of tinnitus in women.29

Several studies have demonstrated a relationship between
tinnitus and abnormal OAEs. In a study involving normal-
hearing patients, TEOAEs and DPOAEs were abnormal in 70.2
and 68.4% of the groupwith tinnitus, respectively, but only in
16.10 and 50% of those without tinnitus.30 Similar results
have been reported by our research group. We observed
abnormal TEOAEs and DPOAEs in 67 and 65.2% of patients
with normal hearing and tinnitus, respectively.31

Tinnitus has been suggested to be related to a reduction in
the amplitude of OAEs. Fernandes and Santos found a lower
amplitude in all frequency bands and in both ears of normal-
hearing individuals with tinnitus when compared with those
without tinnitus.32Mor and Azevedo observed a difference in
the cases of unilateral tinnitus, with the overall amplitude
being lower in the ear with tinnitus.16

The higher prevalence of abnormal OAEs in patients with
tinnitus suggests that cochlear dysfunction is involved in the

development of this condition, especially at higher frequen-
cies (6 and 8 kHz).30,31,33

Studies developed by Maurer and Mann reported another
category of individuals in which the otoacoustic emissions
were present with greater intensity on the patients with
tinnitus and auditory thresholds in the 3,000-, 4,000-, and
5,000-Hz frequencies, suggesting that the tinnitus might be
generated by the increase in the motility of the OHCs induced
by the diminished activity of the efferent system and not by
failure of the OHCs.34

According to Azevedo et al,35 the auditory perception of
tinnitus might be related to dysfunction of the efferent
auditory pathway, which would result in the loss of OHC
modulation, causing abnormal activity of the auditory path-
ways that could be wrongly interpreted as sound.

The study of OAE suppression provides reliable informa-
tion about efferent system function and the interaction
between afferent and efferent pathways and also contributes
to the differentiation between peripheral and central hearing
loss. The absence or reduction in the suppression of OAEs
may occur in cases of retrocochlear diseases, auditory neu-
ropathy, acoustic neuroma, impaired auditory processing,
and tinnitus.15 Studies investigating suppression in individu-
als with normal hearing and tinnitus have increased in
recent years. This fact demonstrates concern regarding the
need for a better understanding of the function of the
auditory pathway.

Urnau and Tochetto studied normal-hearing adults with
tinnitus and hyperacusis and found no association between
the suppression effect of TEOAEs and laterality, degree of
tinnitus, or degree of hyperacusis.36 A study conducted
involving a group of normal-hearing individuals with tinnitus
showed that the absence of OAE suppression at frequencies of
1.5, 2.0, 3.0, and 4.0 Hz was strongly associated with the
presence of tinnitus. The same study demonstrated lower
suppression of DPOAEs on the side of perceived tinnitus
compared with contralateral suppression.36 Another similar
study recording suppression of OAEs in individuals with
tinnitus and normal hearing concluded that the results
were less reproducible in tinnitus patients compared with
the control group, but no significant differences in latency or
suppression effectswere observed between the two groups.33

In a recent study conducted in The Netherlands, the
authors found no significant differences in the overall analysis
of OAE suppression between tinnitus patients and the control
group. The suppression value was lower in the right ear of
tinnitus patients for the 2.0- and 2.8-Hz frequency bands but
was similar to the control group at the other frequencies.37

Azevedo et al investigated the effect of acupuncture on
OAEs in tinnitus patients and found an increase in the
amplitude and suppression of OAEs after acupuncture treat-
ment,35 suggesting that this method exerts an effect on
cochlear function. Lower suppression values were also ob-
served in children with impaired central auditory processing
when compared with the control group. This finding agrees
with the literature showing low or absent suppression of
OAEs in cases of cochlear diseases, auditory neuropathies,
central auditory processing disorders, and tinnitus.38
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In conclusion, the efferent auditory pathways have been
extensively investigated in normal-hearing individuals with
tinnitus. However, these studies have not been conclusive and
a better understanding of this topic is needed. For this reason,
our group has started a new protocol to investigate the effect
of OAE suppression in the genesis of tinnitus at our University.

Final Comments

Based on the previous studies, it is possible to observe that
individuals with tinnitus and normal hearing have a higher
prevalence of alterations in the exams of TEOAEs and DPOAEs
than normal subjects. This fact suggests that dysfunction of
the OHCs might be important in the generation of the
tinnitus. However, we studied a group of patients complain-
ing about tinnitus and having normal OAE tests. These find-
ings suggest that the OHC dysfunction is not necessary for
tinnitus development—that is, it might be possible that a
mechanism other than OHCs is involved in tinnitus develop-
ment.30,31 On the other hand, the OHC dysfunction is not
sufficient in itself to cause the symptom, because most
individuals with OHC dysfunction did not complain about
tinnitus.30,31 In this way, it is important to consider the
hypothesis of the involvement of the efferent system in
the generation of tinnitus, as well as its analysis by means
of the test of suppression of the EOA.

Despite the growing number of publications in recent
years, the results of studies investigating tinnitus in nor-
mal-hearing patients using OAEs are still inconclusive and
further research in this area is needed.
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