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Abstract

Background and Aim: In everyday life, auditory stimuli with different levels of intensity and various conditions from silence to the presence
of competitive noise are presented. The auditory efferent system, which runs parallel to the auditory afferent one throughout the entire auditory
pathway from the cortex to the cochlea, is involved in complex auditory processing such as speech recognition and auditory localization in noise.
In this review, we have a focus on published researches about the structure and functions of the auditory efferent system.

Findings: In the anatomic view, the auditory efferent system can include circular or serial chain paths at different levels. For evaluating the
performance of this system in humans, the only accepted non-invasive method is the application of the OAE suppression test, which examines
the specific cycle in the caudal part of the efferent system and provides no direct information about the performance of the rostral parts. Various
studies have reported the probable role of auditory efferent pathways in many auditory processes and this system damage in hearing impairment
such as tinnitus and central auditory processing disorder.

Conclusion: Considering the anatomy and the various centers involved in the auditory efferent system, as well as the definitive and possible
functions described around it, it seems that more studies require in this field. Based on the last published studies, the role of the auditory efferent
system is prominent in hearing processing, especially in challenging and difficulty auditory conditions.

Keywords: Auditory Efferent System; Olivocochlear Bundle; Corticocollicular; Speech perception in Noise; Localizatio; Selective Attention
Abbreviations: S-ABR: Speech Evoked ABR; S-ABR/coN: Speech Evoked ABR with Contralateral Noise; ADHD: Attention Deficit Hyperactivity

Disorder; MGB: Medial Geniculate Body; IC: Inferior colliculus; SOC: Superior Olivary Complex; MOCB: Medial Olivocochlear Bundle; LOCB:
Lateral Olivocochlear Bundle; SNR: Signal to Noise Ratio; TEOAE: Transient Evoked Otoacoustic Emission

Introduction

For a long time, sensory afferent paths were known as a way
of connecting living organisms to their surroundings, creating
a one-way route from sensory receptors to processing centers
at higher levels to each sensory processing cortex. In the case
of the auditory path, the auditory pathways from the peripheral
hair cells of the cochlea to the auditory cortex are accurately
identified and evaluated behaviorally, physiologically and
through electrophysiological tests [1].

The discovery of neuronal pathways from the central
nervous system to the nuclei and receptors of the peripheral
hearing system [2-4] led to a change in the look at the auditory
processing pathways and developed the theory of “central

control of sensory inputs”. This theory focused based on that
brain and high processing levels can control or at least, make
changes in the signals received from the sensory receptors and
afferent pathway [5,6]. Researchers have defined the “efferent
system” in the auditory system as centrifugal pathways that run
to the inner ear hearing and balance peripheral receptors [2].

According to the findings of the further studies, the auditory
efferent system was parallel to the auditory afferent system with
the same volume and structural characteristics from the auditory
cortex to the MGB, IC, SOC, and CN [5,7-10]. Direct paths and
cycles from the level of the auditory cortex to the thalamic levels
of MGB, followed by the levels of the brain stem IC, LL to SOC
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and CN, and finally the inner ear was described. Some of which
represent series and hierarchical processing and some other
paths suggest parallel processing. Identifying and explaining the
structural and functional characteristics of the peripheral levels
of auditory efferent system are likely to be made earlier due to
the availability of the route.

Indeed, the discovery of the SOC’s neural pathways towards
the inner ear can be seen as the starting point in the modern
scientific viewpoint of the auditory efferent system, which was
carried out by Rasmussen in 1946, although it was a cross-
sectional look at the most peripheral parts of the auditory
efferent system [4]. After more than 60 years of introducing
auditory efferent system by the Rasmussen, more studies have
been done on the structure and function of this path at its various
levels but many questions in this field are unknown yet. With
a review of published articles in the field of auditory efferent
system, can conclude that the pathways of the auditory efferent
system are less well-known than the afferent auditory pathways,
one of its factors can be the structural complexity of cycles
and possible series or sequential chains in this pathway [11].
Therefore, we have a view on structural studies and explain the
nuclei and the connections of this pathway based on published
references. Then some of the known functions of the auditory
efferent system are considered.

Anatomy and Structure of the Auditory Efferent
System

The auditory efferent system can be divided into two main
parts:

a.  The rostral part or centrifugal pathway, which itself
includes corticothalamic and corticocollicular pathways.

b.  The caudal part or the olivocochlear system, whose
structure and function are more studied and more known
than the rostral part.

Rostral or Centrifugal Part

This section originates from several centers in the auditory
cortex and its messages are sent to various nuclei of thalamic
and brainstem such as MGB and IC [11-13]. The centrifugal
pathway, which begins from the auditory cortex and is followed
up to the IC, can be divided into two main corticothalamic and
corticocollicular systems [8]. These two systems are the main
pathways of the auditory cortex, which for years served as the
only outputs of the auditory cortex to the cores of the auditory
system, but later studies identified fewer volume paths from the
auditory cortex to the subcortical nuclei, such as SOC, CN, LL
[14].

The corticothalamic system, which is the largest volume of
the corticofugal pathway [15], has the frequency tonotopic and
spatial topography and sends messages from the V and VI layers
of different regions of the auditory cortex to different parts of the
MGB (the most important thalamic nucleus) [16]. Accordingly,

the tonotopic regions of the auditory cortex send the highest
output to the MGB tonotopic sections [8]. Morphology and the
structure of the axons of this path depend on the origin and
destination of the axon. The narrower fibers have smaller buttons
terminals and end in the ventral parts (generally the tonotopic
regions), whereas thicker axons, with larger terminals, end in
the posterior and middle portions (generally non- tonotopic
regions) [17].

The afferent and efferent pathways between the auditory
cortex and the MGB provide a vital afferent- efferent cycle.
Although the general performance of the auditory efferent
system is the modification of the afferent pathways information
and assistance to auditory processing in challenging auditory
situations, detailed and published information on functional
details of this system is not available. The corticocollicular
system includes the efferent pathways to the midbrain and the
IC. This pathway involves less volume of the efferent system than
the corticothalamic pathway [15], but still has a tonotopic and
topographic organization [18]. For many years, it was believed
that IC as the main nucleus in this pathway received its main
input from the neurons of the V layer of the auditory cortex, and
these enter the dorsal and external nucleus of IC [8,9], which are
commonly referred to as auditory attention-related structures
[19]. However, in subsequent studies, the involvement of VI-
layer cells was also confirmed in the corticocollicular pathway
[20].

Due to the size of the IC, internal neural connecting in IC and
the specific position of this nucleus as the common boundary
between the rostral efferent pathways and the entrance to
the caudal efferent pathway [21], as well as the confirmed
connections of cortical efferent fibers with afferent pathway
fibers at the IC level [22] led to a special focus on the role of
the IC on the efferent pathway. Huffman and Henson defined the
probable three-way synaptic pathway from the auditory cortex
to the cochlea, which transmitted the information from the
auditory cortex to the IC and then transferred to the SOC, then
through the OCB to the cochlea (caudal efferent pathway).

Although this pathway was not identified in cellular studies,
there was some evidence in favor of this theory, including the
fact that cortical axons end in the same parts of the IC whose cells
carry messages to the SOC [23]. Some researchers have defined
topical feedback cycles in this system, which include rostral
pathway cycles, including auditory cortex, thalamus (MGB), and
IC and the cycles of the lower or caudal part of the path include
the connections between brain stem nuclei, IC, SOC, and CN.

In this model, IC is also the common boundary between the
upper and lower cycles of the efferent pathway, which has the
ipsilateral and contralateral connecting with other brain stem
nuclei and send more fibers outputs to the ipsilateral SOC [11].
The bilateral pathways from the IC to the CN are also identified
[6,24]. Cellular studies have also been published to confirm the
chain or cycle paths in the pathway for the auditory efferent
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system, some of which were in favor of chain trails [14,25,26],
and some were in confirmation of feedbacks in the efferent
pathway [8]. These findings require further studies to explore
communication between the centers on this path.

In recent years, communications have been found between
the major centers of corticothalamic and corticocollicular
pathways, MGB and IC [27,28]. Direct inputs from the auditory
cortex to SOC and CN are defined, which are less than 10% of the
inputs to the IC [8]. Efferent inputs from the auditory cortex to
other non-auditory centers such as pons, striatum, cerebellum,
tegmentum, and amygdala have also been found [8,29-31], which
are beyond the scope of this review article.

Caudal part or Olivocochlear Bundle

On the contrary, the rostral part or centrifugal pathway
of the auditory efferent system that has less well-known
structure and function, the Caudal part of the auditory efferent
system or olivocochlear bundle, has been carefully studied
in animal and human studies, and its structure and functions
were taken into consideration. The olivocochlear bundle, the
pathway which was discovered by Rasmussen in 1946 [4], has
two general components. One of the segments is known as the
lateral olivocochlear bundle (LOCB) and the other as the medial
olivocochlear bundle (MOCB) group [30]. Some researchers
have named these two parts as the Lateral Efferent System and
the Medial Efferent System [32].

The lateral olivocochlear bundle or lateral efferent system,
including non-myelinated fibers, is generally derived from the
lateral SOC portions and ends on the dendrites of the auditory
afferent pathways coming out from the inner hair cells, and
sometimes on the inner hair cells bodies themselves [33,34]. The
most fibers of LOCB are in the middle and basal parts of cochlea
i.e. the high-frequency regions, which have been observed in
animals with high-frequency hearing, and in these animals, the
LOCB has received a large proportion of auditory efferent system
[32,35]. But in humans and mammals with dominant hearing
in lower frequency regions, the role of MOCB is much more
pronounced and it seems that the larger medial olivary nucleus
than the lateral olivary nucleus in humans also confirms the role
and importance of MOCB in humans [32,36].

The medial olivocochlear bundle originates from the medial
SOCs and terminates at the large terminals at the inferior end of
the outer hair cells, which is on the contrary of LOCB, the most
fibers of MOCB go to the contralateral outer hair cells, and make
the junctional path [30,37]. The synapses of the medial efferent
system are created in the earlier growth stages than the lateral
efferent system and after the discontinuation of the axons, they
also show slow degeneration [32]. MOCB fibers in the internal
auditory canal before being exited from the habenula were
myelinated, and this led to a significant structural difference.
Therefore, the MOCB fibers could be directly stimulated
electrically and recorded their response, which was not possible
in non- myelinated LOCB fibers. The acoustic stimulation of the

LOC and the MOC fibers have not been approved. Therefore, the
published information on the LOCB path is much more limited
but is more comprehensive in terms of the functional details of
the MOCB path [6].

Auditory Efferent System Functions

It seems that the general performance of the auditory
efferent system is manipulating the messages or functions
of the sensory afferent centers in the lower levels. Due to the
prevalence of inhibitory neurotransmitters in this pathway,
most of these effects are caused by interventions to lower levels
nuclei either in the form of a chain or through cycles at different
levels of auditory efferent system. The auditory efferent system
improves hearing accuracy, or auditory processing in challenging
conditions such as hearing in the presence of background noise,
dichotic listening etc. In the following, the results of published
studies in the field of effects and functions of the auditory
efferent system at the rostral and caudal levels are discussed.
Of course, in this area, the knowledge of the importance and
performance of the caudal part of the olivocochlear bundle are
much higher.

Functional Effects of the rostral or Centrifugal part

When the responses of IC cells were recorded as the target
of the corticocollicular pathway by stimulating the associated
cortical regions, it was observed that the response to the
characteristic frequency was improved, and response to the
lateral frequencies was inhibited [30]. It seems that wider section
of the auditory pathway is allocated to the frequencies that are
stimulated in the auditory cortex and depending on the cortical
regions. Due to corticofugal efferent pathways, the response
of the lower centers of the auditory path was corrected, these
findings were recorded in mice and bats [38,39]. Based on this, it
seems that the function of central centrifugal efferent pathways
at thalamocortical levels, which is more likely to be considered
as cortico-thalamo-cortical cycles, and at the corticocollicular
levels, leads to the allocation of more neurons in lower levels to
stimuli of particular importance for humans.

Although a significant part of auditory skills is because of
efferent pathways on the process of auditory processing, yet
the same and approved methodology is not available for direct
and clinical examination of the rostral or Centrifugal part [40].
Recent studies in the field of behavioral and electrophysiological
auditory examination have shown evidence of the work of
this system in complex auditory processes such as speech
perception and sound localization in noise [16]. Tracking the
effects of corticocollicular pathways from IC on SOC, and then
on the cochlea (through the MOC pathway) also indicates an
improvement in the frequency characteristic through generally
inhibitory (and in some cases, excitation) effects that control the
IC function by increasing spontaneous activity in nerve fibers
and effects with frequency characteristics on cochlear responses
were shown [30,41].
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Functional Effects of Caudal Part or Olivocochlear
Bundle

Before we look at the function and effects of the MOCB, we
look at the limited findings and assumptions given about the
effects of the LOCB on the auditory system function.

Lateral olivocochlear bundle (LOCB)

It is difficult to investigate the effects of LOCB stimulation
due to its non-myelinated structure and its association with
the effects of MOCB [30]. Therefore, general studies have been
conducted indirectly by stimulating LOC sections in SOC or
IC. The delay in the efferent effects of LOCB due to the non-
myelinated of fibers in this path is longer than the MOCB pathway
and results in very slow effects (with a time constant of minutes)
[42]. Activating the LOC origin cells in the superior olivocochlear
complex with the topical application of Noradrenaline has
increased the spontaneous response and excited the auditory
nerve fibers’ responses [43].

Subsequent studies have shown that LOC affects upper-
threshold neural responses, which are not always inhibitory.
In fact, in various studies, due to the electrical stimulation of
different regions of the IC, which were related to the LOC, it
was observed that some areas had an inhibitory effect on the
response of the auditory nerves, and the stimulation of other
areas led to an increase in responses [42,44,45]. Therefore, the
theory of binary stimulatory and inhibitory effects of LOC is the
mostdominant theory. It also justifies some effects of LOCB fibers
in reducing acoustic trauma and hearing protection against
noise by decreasing TTS through inhibiting neurotransmitter
release from inner hair cells [46,47]. But in any case, due to the
lack of the direct stimulation of the LOCB, our understanding of
the precise performance and effects of this part of the caudal
auditory efferent system is less than the MOCB.

Medial olivocochlear bundle (MOCB)

The direct electrical stimulation of MOC neurons, which is
generally obtained through the stimulation of crossing fibers
in the fourth ventricle floor, can change the movement of outer
hair cells and decreases the active amplification of the traveling
wave in the cochlea. Electrical stimulation of MOC neurons with
reducing the amplitude of the basilar membrane vibrations may
lead to changes in the fine-tuning curves of the inner hair cell
and auditory nerve [48,49].

MOC neurons with the release of the acetylcholine
neurotransmitter at the terminals attached to outer hair cells
led to the activation of acetylcholine receptors in outer hair
cells and opening the Ca channels. Intracellular Ca increase
leads to the opening of K channels called SK2 [48]. The opening
of these channels can increase the stiffness of outer hair cell
membrane and reduce the potential changes caused by acoustic
stimulation that ultimately reveals itself by decreasing the active
amplification of the traveling wave [30,49]. These mechanisms
lead to a rapid onset of the effects of MOC activation on outer

hair cells and a decrease in the amplitude of the traveling wave
associated with the function of outer hair cells in the cochlea.

MOC neurons by releasing acetylcholine and stimulating
the entry of Ca into outer hair cells lead to a reduction in the
stiffness and skeletal changes in the structure of these cells,
and by inducing these slowly (in time as compared to the above
effects) affects the amount of activate reinforcement by the
outer hair cells [30]. The time constant has estimated for these
fast and slow effects in the MOC efferent paths are about 100 ms
and 10 seconds (with their coefficients) [6].

In addition to the direct effects of MOCB on outer hair cells
function, stimulation of this pathway, possibly through the outer
hair cells, has the potential to reduce the range of the mechanical
response of the basilar membrane (BM). The maximum effect
was reported on the specific stimulation frequency, which affects
the responses of inner hair cells and auditory nerve fibers by
increasing the minimum stimulus intensity required and reduces
the responses dynamic range [30]. Under certain conditions,
the stimulation of the MOCB has shown a slight increase in the
vibrations of the basal membrane by unknown mechanisms that
cause, and functional outcomes are not known [50].

Regarding the possibility of recording the activity of outer
hair cells through the OAE test, stimulation of the contralateral
ear can also stimulate the MOCB by stimulating the CN and
SOC reflex arc. Therefore, the OAE Suppression test is the non-
invasive method that was used to study the MOCB function and
the caudal part of the auditory efferent system. There was still
no non-invasive clinical examination for the LOCB in the caudal
part of the auditory efferent system. Many studies have shown a
reduction in cochlear response as a result of the inhibitory effect
induced by MOCB stimulation with the use of contralateral noise
in humans [51,52].

With the help of the OAE Suppression test, the function of
this part of the caudal auditory efferent system is discussed in
many auditory skills and diseases such as auditory neuropathy
[53], learning disorders [54], central auditory processing
disorder, Dyslexia [56] and Autism [57]. Their results indicate
a disorder in the function of the caudal auditory efferent system
in several people with these disorders, but they cannot verify
the accuracy of the function of the rostral parts of the auditory
efferent system.

Considering that cutting off about two-thirds of MOC fibers
in the fourth ventricle floor, in many cases, has no impairment
in individual functions or has had very minor effects [30], so
the functional importance of the MOC and, of course, the LOC
in the caudal auditory efferent system is not fully understood.
Many studies have been carried out on the functional effects
of this part of the auditory efferent system on “protecting the
auditory system against noise “, “improving the ability to detect
target stimuli and understand speech in the presence of noise”,

“optimizing the auditory dynamic range”, “selective attention
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or dichotic auditory skills” and “sound localization”. It should
be noted that due to the interaction of the LOCB path with the
MOCB in the Corti tunnel, some of these findings may be the
result of the LOCB function or interaction between the two parts
of the caudal auditory efferent system. At present, there was no
information on the functioning and even inhibition or excitation
synaptic of the LOCB path [58].

Protection Against Noise

Crossing fibers of fourth ventricle floor stimulating or
contralateral acoustic stimulation, both contribute to the activity
of the olivocochlear bundle the medial region, decreases the
active enhancement of outer hair cells by reducing the response
amplitude and preventing the occurrence of temporary or
permanent changes of hearing threshold. Regarding the direct
association of MOCB with outer hair cells, it seems that the main
contribution to this auditory care is related to MOCB. Although
LOCB also has an effect on the transmission of stimulation to
auditory nerve fibers to reduce the impact of acoustic trauma
on the auditory system but it has probably been shown by
correction of the responsiveness of the afferent nerve fibers and
not by altering the responsiveness of the outer hair cells [59].

Research has shown that the protective function against
acoustic trauma in mice is independent of the number of SK2
channels and the rapid effects of MOCB. It is mainly due to the
slow effects of MOCB and the reduction of active enhancement
by introducing temporary structural changes in outer hair cells
[48]. The protective effects indicated depend on the severity,
duration, frequency, and power of the MOCB reflex, the animals
with the stronger MOCB reflexes exhibited less threshold
changes after severe acoustic stimuli that indicating a greater
protective effect [6,60,61]. It seems that the power of MOCB
reflex can be partly genetically dependent [62].

In addition to noise and acoustic trauma, other harmful
agents for the auditory system such as aminoglycoside and
ototoxic drugs, also influence the auditory efferent system
and MOCB. Studies have shown that some ototoxic drugs such
as gentamicin that do not damage hair cells can vary MOCB
response depending on the amount of the drug used, depending
on the effect on the different neurotransmitters or receptors of
outer hair cells or auditory nerve fibers depending on the drug
[63,64].

Improving the Ability to Detect Signals and

Understand Speech in Noise

One of the mostimportant functions for the auditory efferent
system is its role in detecting a target signal or stimulus in the
presence of background noise. Considering further studies and
more knowledge about the caudal part of the auditory efferent
system the MOCB, there are some theories about the mechanism
of the occurrence of this ability at these levels. Animal studies
have led to the presentation of the theory of “the antimasking
effect of medial olivocochlear bundle”. According to this theory,

the activity of the MOCB by reducing the cochlear enhancement
reduces the response of the nervous system to continuous
background noise and reduces the resulting adaptation,
therefore by increasing the dynamic range of response, facilitates
identifying the slightest changes in tone or each transient signal
such as speech for the central nervous system. This seems to be
the most important function of MOCB and the auditory efferent
system in everyday life and speech perception in the presence of
noise [6,65,66].

The review of the articles showed that the method of the
studies in the field of the effect of the efferent system MOCB on
the ability to detect acoustic signal and speech stimuli in the
presence of background noise, can be divided into two general
categories:

i. To damage or cut the fibers of the medial olivocochlear
bundle.

the correlation between the
psychoacoustic performance of individuals and the strength

of the medial olivocochlear bundle (MOC).

ii. By examining

In the first group of studies in animal samples, MOCB damage
led to a reduction in the discrimination between stimuli in cats
[67], in human studies, cutting vestibular nerve that the OCB
traverses in, leads to disorder of speech perception in noise but
in some patients, not in all cases [68].

In the second group studies that relate to the correlation
between the psychoacoustic evaluations and the activity of
the olivocochlear bundle, they began with the study of the
performance of subjects in simpler psychoacoustic tasks such
as identifying the stimulus and the intensity discrimination in
the presence of noise. These studies indicating the relationship
between the discrimination abilities and the activity of the MOC
[69,70]. Studies on the correlation between the performance
of the medial olivocochlear bundle and high-level skills such as
speech perception in noise have reported different results.

A significant number of studies have shown that there is a
positive correlation between the amount of inhibition induced
by the medial olivocochlear bundle and the scores of speech
perception in noise [71-73]. These studies reported similar
results about the effect of caudal part of the auditory efferent
system on the ability of speech perception in noise in normal
children [72] and normal adults [73]. However, other studies did
not find a meaningful relationship between these two variables
[74,75].

Some recent studies that provided precise assessment
methods and similar measures to some previous studies have
reported even negative correlation and the inverse effect of the
medial olivocochlear bundle on the ability of speech perception
in noise and lack of meaningful connection in some experimental
conditions [76-78]. According to researchers’ suggestions,
the reasons for the differences in these studies can related to
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the methods of medial olivocochlear reflex evaluation like the
used signal to noise ratios and the subject’s duty during the
examination. These differences can relate to the complex nature
of the process for speech perception in noise and the conflict
between different auditory and non-auditory processes, which
is evaluated in speech in noise tests with different test materials
such as syllable, word, and sentence [79-82].

According to the common finding of all the studies, the
effect of the medial olivocochlear bundle on the improvement
of the signal-to-noise ratio was reported. The findings of
the recent papers suggesting that a lack of the relationship
between the performance of the medial olivocochlear bundle
and speech perception in noise despite the signal-to-noise ratio
improvement have noted the role of higher auditory structures
in controlling and modifying the purely reflexive function of
the medial olivocochlear bundle [58,76,79]. Therefore, despite
the confirmation of the effect of auditory efferent system on
improving the the signal in the presence of noise in normal
people and even in people with more auditory experiences,
such as bilingual subjects [83], the need to determine the
effects of higher levels of auditory efferent system on the speech
perception in noise has suggested. The limited studies on the
relationship between the rostral and caudal levels of auditory
efferent system on the performance of speech perception in the
presence of noise have shown the independent effect of these
two paths [84], but still a verified assessment method for survey
higher levels are not clinically provided just test like S-ABR/coN
was suggested recently.

Adapting and Optimizing the Auditory Dynamic
Range

As noted, the effects of the caudal auditory efferent system on
the basilar membrane, hair cells and auditory nerves responses
and the decrease in the level of activity of the auditory nerves in
cases of severe intensity levels stimuli, can improve the dynamic
range of the activity of the cochlea and the auditory nerve [30].

Selective Attention and Dichotic Listening Skills

The role of the efferent auditory system on selective
attention was reported [30]. Selective attention is a mechanism
that leads to the allocation of cognitive resources and the focus
on specific stimuli during separation among a range of non-
target stimuli [85,86]. Currently, dichotic listening tasks are
considered as valid behavioral criteria for selective attention
examine [40]. Selective auditory attention plays an important
role in dichotic auditory tasks and is one of the most common
problems in central auditory processing disorder [87,88]. a shift
in the level of OAE suppression following focused attention tasks
was reported in cats [89] and in humans [40,90].

In addition, a significant correlation between normal
performance dichotic listening task and OAE
suppression is shown in studies [91]. According to the
researchers’ suggestions, the verbal dichotic listening task

in verbal

needs to divided attention, which is a cognitive ability that
requires a precise central adjustment at high levels. Therefore,
the correlation between the results of dichotic behavioral testing
and OAE suppression, reinforcing the notion about the control of
the rostral part of the auditory efferent system on cochlear and
effects on the OAE amplitude. Confirmation the effects of rostral
part of the auditory efferent system on the process of selective
attention through the impact on the MOCB activity, need further
research to identify the role of the rostral part of the auditory
efferent system or the direct and independent influence of the
caudal part of the auditory efferent system on this skill.

Sound Localization

Although one of the main functions of the auditory efferent
system in everyday life is the discrimination and identification
of the signal in the presence of background noise, in addition to
that, humans and many animals have to respond appropriately
to the sound locations in silence and in challenging noise
situations. The localization of sound source is dependent on the
intensity, time, and spectral features of the sounds that reach the
ears [30] and require the cooperation of various neurological
centers, especially the SOC to determine the location of the
sound and to work with other sensory-motor systems to send
appropriate commands. In addition to the afferent auditory
pathways, the pathways for auditory efferent system also play a
part in this ability. In a study that investigated the localization of
sound in affected MOCB group and control group of cats, weaker
performance in the experimental group was confirmed by the
role of the auditory efferent pathway in sound localization [92].
Human studies in the area of sound localization in the presence
of noise indicate the effect of signal-to-noise ratio on localization
accuracy. By increasing the noise intensity or decreasing the
signal-to-noise ratio, the score of correct localization has shown
a decreasing trend relative to the silence conditions [93,94].

In 2011 a study was conducted to investigate the relationship
between the ability of sound localization in noise and the
performance of the auditory efferent system in physiological
conditions in normal people without hearing impairment.
To determine, the correlation between the scores of sound
localization in noise and the amplitude of OAE suppression were
studied in subjects with normal hearing. The results showed a
significant negative correlation. The greater the response of the
OAE suppression, the lower sound localization scores decrease
in comparison to silence were reported so individuals with more
OAE suppression amplitudes showed better performance in
sound localization in noise [95]. The participation of the rostral
part of the auditory efferent system is also confirmed in sound
localization in noise. Therefore, one of the auditory skills related
to functions of auditory efferent system is the ability to sound
localization in noise.

The less attended areas, such as the effect of auditory efferent
pathways on incident or management of tinnitus, have been
suggested in studies, in which OAE suppression was recorded in
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patients with tinnitus or hyperacusis [96,97]. Unusual findings
such as more TEOAE amplitudes by providing contralateral noise
(rather than decrease amplitude) in tinnitus patients, indicates a
special need to look at the role of the auditory efferent system in
tinnitus occurrence [98].

Discussion and Conclusion

According to the structural and anatomy studies of the
auditory efferent system that show the presence of these
pathways from the auditory cortex to the lowest levels of the
auditory system means the peripheral receptors, it seems
important to determine the function of this system and to
evaluate it clinically at different levels. Considering the overall
classification of this system based on rostral and caudal
levels, the current information from the rostral part, namely
corticothalamic and corticocollicular pathways, despite its
large volume, cyclic communication with the auditory afferent
pathway and the auditory and non- auditory interactions of the
major nuclei of this path, like the IC, is negligible.

The need for structural, physiological and
electrophysiological studies at rostral levels is obvious. In the
caudal part or the olivocochlear bundle, in particular it’s a medial
part, there is valuable information that indicating the functional
significance of this path, especially in challenging auditory
skills such as signal detection and speech perception in noise,
dichotic listening tasks, creating the optimum dynamic range
and sound localization in noise. Considering the availability of
OAE-suppression physiological and non-invasive test to examine
the reflex of the MOC, it seems that the clinical use of this test
in various groups with specific disorders can provide a more

comprehensive assessment of the auditory system.

Another important point is the study of the interaction
between the two rostral and caudal parts of the auditory efferent
system in different auditory processing skills. The attention of
researchers in the field of auditory neuroscience will open many
research windows to the auditory efferent system.
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