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INTRODUCTION

In humans, the role of ear is extremey important. It is one of the most
important links in speech chain, which enables proper communication. Al
the information from periphera receptor organ of the ear is carried to the
central organ, the brain for andys's, by means of the auditory or eight crania
nerve. The higher organs can have control over the periphera receptor the
cochlea by means of two mgor efferent feed back pathways viz., middle ear

muscle, reflex, and olivocochlear reflex [Liberman & Guinan, 1999).

The acoustic reflex (AR) is the contraction of the stapedius muscle of
the middle-ear in response to an acoustic activating sgnd. This contraction
can be monitored by recording the resultant change in the acoustic immittance

of themiddle ear.

The acoudtic reflex center is dtuated in  superior oOlivary
eomplex(SOC) of the braingdem. There are four acoudtic-reflex arcs, two
epsilateral and two contralateral (Borg,1978). The ipsilatera acoudtic reflex
arc consistsof
1. The primary auditory neuron of the eighth crania nerve from the hair cells

of the cochleato ventra cochlear nuclei (CN),



2. The second order neuron from the ventral cochlear nuclei through the
trepezoid body to the ipsilateral superior olivary complex,

3. The third-order neuron from the ipsilateral superior olivary complex to the
ipsilateral facial-nerve nuclei (FMN). But some neurons from VCN
bypass the superior olivary complex and synapses directly with the FMN
constituting second ipsilateral path way.

4. Fourth-order neuron from the ipsilateral facia-nerve nuclei to the

ipsilateral stapedius muscle.

Contralateral acoustic reflex arc has,

1. Thefirst-order neuron to the ipsilateral ventral cochlear nuclei.

2. The second-order neuron fromtheipsilateral ventral cochlear nuclel to the
ipsilateral superior olivary complex. Some fibers from ipsilateral ventral
cochlear nuclei may cross over and synapses with the contralatera
superior olivary complex and sends fibersto the contralateral FMN

3. The third-order neuron from ipsilateral superior olivary complex to the
contralateral facial-nerve nucle.

4. Fourth-order neuron from contralatera facial-nerve nuclel to contralateral

stapedius muscle.
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Fig.1. Schemaic diagram of the acoudtic reflex arc. Solid lines indicate right
ear pahways, dased lines indicate left ear pahways. AN: auditory nerve
(cranid nerve VIII). CN: cochlear nucleus. TB: trapezoid body. MSO:

media superior olivary complex. MN7: motor nucleus of crania nerve VII.
FN: facid nerve (crania nerve VIl). &t sapedius muscle.

The reflex contraction after aloud acoustic sSimulus causes the stapes
foot plate to swing outward and backward from ova window. This action

ditenuates the vibrations of stapes foot plate, thereby reducing the fluid

motion of Inher ear.

The eferent Innervation that terminates in the cochlea consists of two sub-
sysems. the lateral and media efferent pathways (War & Guinan, 1979).
The latera olivocochlear efferents orignate from smal neurons in and near
the lateral superior olivary nucleus. They have unmydinated axons, and
terminate on the dendrites of auditory nerveradia aferent fibresin theregion
beneath IHCs. Medid olivocochlear efferents originate from larger neurons
located medid, ventral and anterior to the medid superior olivary nucleus.

These have mydinated axons, and terminate directly on OHCs (Warr and



Guinan, 1979; Guinan, Warr, and Norris, 1983). The auditory afferents fibres
terminate in the cochlear nuclei which sends connections to both ipsilateral
and contralateral superior olivary complex from where the efferent are
originated. Thus the olivo cochlear bundle forms an inter-cochlear loop,
where by stimulation of one cochlea modifies the functioning of the opposite

cochlea.

These efferent fibers can be activated by the electrical stimulation at
the floor of forth ventricle (Galambos, 1956) or by contralateral acoustic
stimulation (Buno, 1978). The stimualation of efferent system by these
method reduces the compound action potentials of the auditory nerver (N1, or
reduces the amplitude of both spontaneous (Mott et al., 1989) and evoked
otoacoustic emission (Collet et a., 1990; Veuillet et al., 1991). Thisis dueto

reduction of gain of cochlear amplifier.

Although early literature emphasizes efferent effects at low sound
levels (Galambos, 1956; Mountain, 1980), recent work suggeststhat the most
significant effect of medial efferents may be at moderate and high sound
levels. (Guinan and Stonkovic, 1995). Other recent data suggest a role of
efferents in preventing damage to cochlea due to intense sounds (Rgan &

Johnstone, 1983a: Rajan, 1988: Reitor and Liberman, 1995).



Smilarly, stapedia acoudtic reflex is also produced a high sound

levels, can be used as a noninvasive technique to study the effect of efferent

giimulation at high sound levels.

Since, there is a dearth of literature on effects of efferents for high

sound levels, this sudy was aimed.

1

to examine the effect of contralateral wide and narrow band noise
presentation on acoustic reflex.
To see whether OCB has a protective effect or not.

To develop atest for efferent pathway using acoustic reflex.



REVIEW OF LITRATURE

The mammalian cochlea recaives efferent innovation from both
ipsilateral and contrdatexa superior olivary complex (SOC). These
descending fiber tracts, known as olivocochlear bundie (OCB), represents the
fina link of chain of neurons from the cortex to the cochlea (Desmeat 1975).
The OCB Is composed of two separate systems. The media olivocochlear
(MOC) projections primarily to outer har cdls (OHCs) and laterdl

olivocochlear (LOC) projections primarily to inner hair cells (IHCs) (Warr

and Guinan, 1979).

Approximately 72 to 74% of MOC fibers travd to the contralateral
cochlea. The remaning 26 to 28% course ipdlaterally (Guinan, et al. 1983,
1984; Warr, 1975). Approximatey 89 to 91% of LOC fibers destined to
terminate in the ipslateral cochlear IHC region and remaning 9% to 11%

project to contralateral IHCs (Guinan, et al, 1983,1984; Warr, 1992).



Fig. 22 Schematic of the dfeaent olivocochler sysem showing the
digribution of fiber projections from efferent nucle to targets withn the

cochlea

Medid efferent innervation Is largest near the centre of the cochlea,
with the crossed Innervation biased towards the base compared to the
uncrossed Innervation. In contrast, lateral efferent innervation Is relaivay
condant in the center and base of the cochlea. (Guinan, Warr and Norris,

1984; Liberman, Dodds and Pierce, 1990).

Although the existence of an efarent innervation of the mamaian
cochlea was described more than 50 years ago (Rasmussen, 1946), the
functiond role of these fibers reman unclear. In generd, the OCB has an
Inhibitory effect on the auditory periphery. Because of its predominently

Inhibitory nature, It has been hypotheszed that the efferent sysem sarves a



protective role in the auditory system (Raan, 1988). It dso hypothesized that
the activation of OCB enhances the detection of sound In noise (Michdy &
Collet, 1996) and maintains the cochlea a an optimum mechanica State for

efficient function of active processes (Johnstone et al , 1986).

Although biological sgnificance of media efferent fibers remans
ambiguous, It Is clear that activation of MOCB alters the cochlear output. For
example, eectrica simulation of MOC bundle at the floor of forth ventricle
Inhibits cochlear and neura potentials (Galambos, 1956 , Gifford and Guinan
1983,1987; Fex, 1959, Mountain, 1980) MOC fibers can aso be activated by
acoustic stimulation (Buno, 1978). BBN presented to the ear opposite to the

test ear reduces the amplitudes of several auditory responses such as

compound action potentid (Galambos, 1956, Gifford and Guinan, 1987)
goontaneous rate (SR) of auditory nerve fibers (Wiederhold & Kiang, 1970;

Buno, 19/8) and oto-acoustic emissions.

Thereview of literature about the physiology of eferent system can be
classfied under the following headings.
1 Effect of medid efferent system
a) On cochlear potentials,
b) On cochlear anplifier, and

c) Beyond cochlear amplifier.



|| Effects of lateral efferents on cochlear mechanics.

Il Effects of efferent over stgpedia acoustic reflex.

| Effect of medial efferent system

(a) On cochlear potentials

Perhaps the best known effect of efferent activity Is to depress the
compound action potential of auditory nerve, N1 (Galambos. 1956; Desmedit
1962; Wiederhold and Peake, 1966). This inhibition can be seen with N1 S
evoked by clicks or by tone pips. Efferent activity evoked by electrical
simulation and contralateral sound produces quditativey similar effects
(Buno, 19/8; Murata et a, 1980; Folsom & Owdey, 1987; Liberman, 1989).

Theseinhibition was greatest at |ow sound levels (Galambos, 1956).

In addition to nhibiting N1 media efferents aso affect non neural
cochlear potentias. Efferent ssimulation increases the amplitude of cochlear
microphonics (CM). Thisincreaseistypicaly larger at high sound levelsthan
al low sound levels and can be as large as 4 dB (Fex, 1959; Kittrell and

Dalland, 1969; Mountain et a_, 1980; Gilford & Guinan, 1987).

The endochochlear potentia bathing the haircell cillia is around +80
to +90mv. Stimulation of OCB decreases this endocochlear potential by few

milivolts. This decrease in large positive endocochlear potential istermed as
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"Media olivocochlear potentia” (MOC) (Fex, 1959, 1962; Konishi and

Slepian 1971; Brown and Nuttall, 1984; Gifford and Guinan, 1987).

This change in the CM and EP potential can be understood from the
electrical properties of the cochlea. Efferent stimulation increases OHC
basolateral conductance and hyperpolarizes OHCs. Thisresultsin increase In
current flow and thereby increase in CM (Davis, 1965; Dallos and Cheatham.
1975). The increased conductance and hyperpolarization of the OHCs causes
an increased DC current flow through OHC stereociliathereby decreasing the
large podgitive endocochlear potential. This decrease In large podgtive

endocochlear potential iIstermed as'M OC' potential.

b) On cochlear amplifier:
OHCs are known to be cochlear amplifier, OAEs are believed to be
generated by active mechanisms in the cochlea which involves OHCs. Snce

OHCsrecave direct efferent innervation they may be affected by contralateral

acoustic stimulation of olivocochlear bundle (Kim, 1986).

Distortion product otoacoustic emmissons (OPOAES) are tones
produced by distortion in the cochlea in response to two externally supplied
tones, the primary tones (f, <f,) the 2f, - f, distortion product has the highest
amplitude and has been moststudied. Efferent stimulation usualy decrease

the amplitude of DPOAES, (Mountain 1980; Segel & Kim, 1982). On



average, efferent inhibition of DPOAES is grestest for low leve primaries and
decreases as primary tone leve isincreased (Mountain, 1980; Moulin, Collet

and Duclaux, 1993).

Smilarly, activity of medid efferent inhibits transent evoked OAEs
and dimules frequency evoked OAEs (Guinan, 1986, 1991; Ryan, € 4.,

1991).

Medid efferents produce small changes in SOAEs. SOAE freguency
shifts to higher frequencies and amplitude can change in either direction

(Mott et ., 1989; Harrison and Bums, 1993).

There are wide variety of machanisms by which media efferents
might affect OAEs.

* At low to moderate sound levels, medid efferent induces depression of
basilar membrane. (Dolan and Nuttall, 1994).

* |t affect the operation of OHCs, i.e, it may reduce the OHC receptor
potential, which would reduce OHC motion (Santos-sachi and Dilger,
1989).

* |t hyperpolaries the cell, which moves the membrane potential away from
the optimum voltage for voltage to length transduction (Roddy et al.,

1994).



* Efferent induced-contractions of OHCs distort the organ of corti, thereby
lowering the gain of the cochlear amplifier (Rgan, 1990).
* Hnaly, medid efferents reduces the endocochlear potentia which

reduces the gain of cochlear amplifier (Seweli, 1984).

c) Beyond Cochlear Amplifier;

These are dfeent dfects that are not completdy explaned by medial
efferent control of cochlear amplifier. This include
1. Media dferent induced changesin auditory nerve spontaneous rate

2. Media eferent inhibition of auditory nerve responses to high level sounds

3. Potection of cochlea from high level sounds.

1. Effarent induced changes in auditory nerve soontaneousrate

The discharge of neural Impulses by auditory nerve in the absence of
acoustic simulation Is called "spontaneous firings'. The stimulation of
medial efferent reduces the spontaneous activity of auditory nerve fibers, even
Invery insengtivefibers (Wiederhold and Kiang, 1970; Guinan and Gifford,
1988; Kawase et dl., 1993). This observation is not due to an efferent induced

reduction of cochlear amplifer gain. Guinan and Gifford (1988) hypothesized

that thisisdueto the MOC potential.



1 On High_Sound L evels:

In addition to the wdl known changes for low sounds, media efferents also
decrease auditory nerve fiber regponses to high level sounds. In most studies
of efferent effects as a function of sound level (Wiederhold, 1970; Gifford and
Guinan, 1983; Guinan and Gifford, 1988), rate versus sound level functions
were obtained by presenting low level to high level sounds In sequence with
eferent simulation (by €eectrode placed at IV ventricle) and no efferent
simulation conditions alternating at each sound level. Such alevel functions
show aregion in which the rate increases Tagady with the sound level and at

high sound levels there Is a "saturated” or "plateau” region. In these level

functions efarent simulation produced small depresson In plateau region

(Guinan & Stankovic, 1995).

For mid frequency auditory nerve fibers, efferent stimulation reduced
plateau rates in high-SR fibers by 5% and in low-SR fibers by more, often
15% to 20% (Guinan & Gifford, 1988). Although these data demonstrate that
efferents have substantiad effects a high sound levds, the interpretation of
these experiment is difficult because with the sequentid paradigm, the firing

rates are srongly influenced by adaptation.

Recent experiments show that medial efferent produces large effects
on responses to high-leve sounds (Guinan and Stankovic, 1995) even when

the influence of adaptation i1s minimised by randomisng the sound level
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function . These experiments have shown that, high soontaneous rate fibers
show little effect of efferent stimulation, however, for medium SR and low
SR fibers, efferent stimulation has astrong effect, even a 100 dB SPL. At 100
dB S, eferent inhibition can reduce the rate by an amount equivaent to
more than 20 dB reduction in sound level. At these high sound levels, 20 dB

of eferent inhibition Is unlikely to be produced by reduction in baslar

membrane motion.

3. Protective Effect:

Efferents aopear to provide some protection from temporary threshold
shift (TTS) due to intense sounds. In the last few years, many reports have
been published on this phenomenon, with conflicting results, some found a
protective effect (Cody and Johnstone, 1982; Rgan and Johnstone 19833;
Raan, 1988; Putuzzi and Thompson, 1991). Some did not (Trahiotis and
Elliott, 1970; Liberman, 1991), and some found that it depended on

experimenta conditions (Reiter and Liberman, 1995).

Cody and Johnstone (1982) found that monoaura losses in hearing
sengtivity induced by an intense pure tone could be reduced If an acoustic
simulus of the same freguency was smultaneoudy ddivered to the other ear.
The reduction was eliminated after the administration of strychnine a known

blocker of auditory efferent activity. They concluded that acoudtic activation

of auditory efferentsis responsible for reduced TTS.
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In his review of "Protective functions of the efferent pathways to the
mammadian cochled’, Rgan (1992), concluded that brain stem electric
gimulation, contralatera acoudtic simulation (CAS) and contralaterd
cochlear distraction (CCD) resulted in decrease in the TTS produced by
intense sound. He attributed these protective effects were due to the crossed
olivocochlear bundle because these effect was diminated by administration of

grychnine and lesoning at the floor of forth ventricle which destroys MOCB.

Takeyama e a, (1992) concluded that there was sgnificant
protective effect for intermediate intensity and no protective effect for greater
or milder intengities, by exposing guinea pigs to sounds of varying intensity
(110-130 dB SL) with and without eectricd stimulation of COCB, using

threshold shift for compound action potentias as an indicator.

Pujol, (1994) in his reviewed effeent neurochemistry and
pharmacology, with an emphasis on the protective roles. He concluded that
laterd efferent neurotransmitters, particularly enkephaons and dopamine may
play role in protecting the auditory nerve dendrites against excessive noise
and/or oto-toxicity. The cholinergic media efferents synapsing with OHCs

play arolein atering and/or modulating cochlear micromechanics.



Il Effects of lateral efferents:;

Although there is no direct evidence of effects of lateral efferents, it
has been reported that lateral efferents that contain Ach may excite auditory-
nerve fibers (Felix and Ehrenbergen 1992; Liberman, 1990) and latera
efferents that contain GABA may inhibit AP of auditory nerve fibers (Flexi

and Ehrenberger, 1992).

Sahley and Colleagues (1991; 1994) have suggested that enkephalins

found in lateral efferents may increase auditory sensitivity near threshold.

Il Efferent effect over acoustic reflex:

Higson, Stephenson and Haggard (1996) reported the binaural
summation of acoustic reflex. They found out ipsilateral acoustic reflex
threshold (ART) with and without contra lateral stimulation. Contralateral
stimuli was of the same frequency as that of reflex activating stimulus and
intensity was ipsilateral ART+ (contralateral ART- ipsilateral ART). They
noted an improvement in the acoustic reflex threshold by about 4.4 dB. But 3
subjects out of 34 showed negative summation i.e., elevation in threshold and

some showed no difference.
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Downs and Cram (1980) reported four case studies with low acoustic
reflex threshold. All of them had some retrocochlear and/or CNS impairment
as suggested by neurologic, audiologic, speech pathologica and psychological
evauation. In these patients acoustic reflex thresholds were found with
valuesaslow as 55 dB. It is suggested that these low thresholds represents

reduced centra inhibitory influence on peripheral auditory function.

Borg (1971) measured the acoustic reflex threshold in the awake
rabbit, before and after the COCB sectioning. He found that ART were
decreased by 12 dB dfter the sectioning. These results indicate that the

efferent sysem has some influence over the acoustic reflex.



METHODOLOGY

This study was taken up to examine the effect of contralateral broad
and narrow band noise presentation on acoustic reflex and its physiological

basis.

SUBJECTS

Comprised of 60 volunteers (30 males and 30 females) age ranged
from 17 to 23 years (mean age = 20 years). All the subjects had pure tone
hearing thresholds less than 15 dB HL inthefrequency range from 250 Hz to
8 kHz. The immittance measuresrevealed 'A type' tympanograms and normal
reflexes on screening. None of the volunteers reported of any history of
ototoxic drug usage, noise exposure, previous history of otologic disease,

tinnitusor giddiness etc.

Equipment used:
The following equipment were used in the study.
a) The GRASON-STADLER (GS1-16) clinical audiometer with standard
accessories as specified by manufacturer was used to obtain pure tone

thresholds which was calibrated as per ANSI S3.6-1969.
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b) The GRASON-STADLER (GSI-33) middle ear analyzer, version-2
(calibrated as per ANSI, 1969) was used to assess the middle-ear function
of volunteers and to measure the acoustic reflex thresholds (ART) and

amplitudeof AR a 10 dBS...

Test Environment:

The tests were carried out in a sound treated room. Noise levels were
within the limits as specifiesby ANS S3.1-1977. Thetest room had adequate

lighting and comfortable temperature.

Test Procedure

Subjects who met the above mentioned criteria are chosen for the
study. For the acoudtic reflex testing the subjects were made to sit on a chair
comfortably and were instructed not to move ther heed, jaw, swallow or to

talk.

Measurements were performed in two experimenta settings (Expt. A
&B)
EXPT A: Thiswas further divided in to two steps
Step 1. Acoudtic reflex threshold was measured at 500 Hz, 1 kHz and 2 kHz
using pure tones bracketed in 1dB steps. Probe tone frequency was 226 Hz.
ART was defined as the minimum intensity of Tdlex activating stimulus

which produced areduction in admittance by 0.03cc.
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ARTs were measured again in the presence of broad band noise
(BBN) in the contralateral ear, fed through the insert recaeiver usng GSI-16

clinica audiometer.

Step 2. This step included measurement of ART, with and without the
presentation of narrow band noise (NBN) in contralateral ear. NBN were

centered around the frequency of reflex activating signal.

5 minutes of resting period was given to each subjects between Stepl
and Step 2, to overcome the adaptation effect if any. To counter balance the

order effect, 30 subjects underwent step 1 first and other 30, step 2firdt.

In both the conditions intendty of noise was kept a 30 dBSL (re:

threshold of noise).

Intensity of the noise was chosen based on two factors.
1. Intengity should be high enough to produce the activation of olivocochlear
bundle (OCB). Berlin et al, 1993 reported that 30 dBSL. is sufficient to

activate OCB.

2. Intengty should be below the levd a which sgnificant interaural
tranamisson of sound or activation of the acoustic reflex could be

expected. Hence, the insert recaver was used to present contralatera
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acoudtic stimuli because minimum inter aural attenuation of insart is

knowntobe70dBSPL .

EXPT. B Inthis, reflex activating stimulus was presented a 10 dBSL with
Tegpect to acoustic reflex threshold and amplitude of reflex was measured in

termsof equivaent volumes.

After the baseline experiment, amplitude was measured in the
presence of BBN & NBN a 30 dBSLs (re: threshold of noise) in the

contralateral ear and readingswere noted separately.

Analysis. A paired T-test was used to find the sgnificant difference between

means of two conditions.



RESULTS

The results of this study were examined under the following sections:

1) Effects of contralateral BBN & NBN presentation on ART.

22

2) Effects of contraatera BBN & NBN presentation on AR amplitude at 10

dB SL withrespect to ART. Statistical analysis was carried out to see the

sgnificant differences in ART as well as change in amplitude in different

conditions and results obtained are as discussed below.

1) Effect of contralateral BBN stimulation on ART:

The ART in the two experimenta conditions (with and without BBN)

were obtained at 3 frequencies, Mean, Standard deviation and t values are

asshownintable.l.

Table 1.shows the meanlSD values of ART with and without
contralateral BBN along witht-values.

500 Hz 1kHz 2kHz
Without With | Without With Without | With
BBN BBN BBN BBN BBN BBN
Mean 79.93 81.08 82.9 86.9 86.76 90.38
S.D. 7.36 8.10 6.7 7.0 6.8 7.09
t values 0.793 3.2%* 3.016**

**P<0.01
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The analysis of the data reveals a significant difference (at .01 level)
between ART with and without contralateral BBN presentation at 1 kHz and

2 kHz. However, at 500 Hz theTe was no significant difference between two

conditions either at 0.01 or at 0.05 level.

Out of 60 subjects tested, 60% showed increase in ART in the
presence of contralateral BBN. which ranged between 1-3 dB (Mean =1.15
dB) at 500 Hz. 95.56% of the subjects showed increase in ART at 1 kHz
which ranged between 1 to 8 dB (Mean =4 dB) and 93.3% showed increase
in ART at 2 kHz which ranged between 1 to 10 dB (Mean=3.62 dB). Rest of

the subjects showed either improvement in the ART or no changein ART.

Mean of ARTs with and without contralateral BBN across 3 frequencies are

graphically presented in Fig.|

95 "‘
)
I 90 - | Without BBN
a BBN
-:cs 85 - Owith
Z 80 - %
QL ] ]
el

70 -

so0Hz 1kHz 2KHz
~ Frequency

Fig.l: Mean of ARTswith and without contralateral BBN across 3
frequencies
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2) Effect of contraateral NBN on ART:
Effect of contralaterd NBN on ART are as shown in tabl e2.

Table. 2.showsthe M ean and SD values of ART with and without

contraaterd NBN aong with, t-values.
COMEMIGU s = ~—

Reaults indicate that there was no sgnificant difference between ART

obtaned with and without contrdatera NBN stimulation across al the 3

frequencies.

Mean of ARTs with and without NBN across 3 frequencies are

graphicaly presentedin Fig.2.
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E Without NBN
B With NBN

Intensity (in dB HL)
S o 8 & 8 &

500Hz 1kHz 2kHz
Frequency

Fig.2 : Mean of ARTswith and without NBN across 3 frequencies.

3) Effect of contraateral BBN on AR amplitude a 10 dB SL (with reference

to ART)

AR amplitudes in terms of equivaent volumes were measured with and
without contralatera BBN at 3 frequencies and results are as shown in

Table 3.
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Table3.shows the mean SD values of AR with and without
contralateral BBN along with t-values.

500 Hz 1kHz 2kHz

Without With Without With Without With
BBN BBN BBN BBN BBN BBN

Mean .093 09 A .07 .09 .06
SD. 07} (071 .037 034 .044 .039
t values 428 4 .8%* 4. 22%*
**p<0.01

Inspection of the table.3.reveals that there is a significant reduction in
the amplitude of AR at 1 kHz and 2 kHz (at .01 level). However, no

significant reduction was seen at 500 Hz.

Out of 60 subjects, 91% showed reduction in the amplitude, at 1 kHz
which ranged between .01 to .07cc (Mean = 03cc). 90% showed reduction in
amplitude at 2 Hz with the range of .01 to .12cc (Mean = .03cc) and 66.5%
showed reduction at 500 Hz with range of .01 to .03cc (Mean = .003 cc).
None of the subjects showed increase in the amplitude in the presence of

contralateral BBN.

Mean and SD of AR amplitudes with and without contralateral BBN is

graphicaly showninFig. 3.
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B Without BBN
With BBEN

Amplitude in CC

Frequency

Fig. 3: Mean of AR amplitudes with and without contralateral BBN.

4) Effect of contralateral NBN on AR amplitudes at 10 dB SL (re: ART)
Effect of contralateral NBN presentation on AR amplitudes are as shown
inthe table.

Table.4,shows the Mean, SD vaues of AR with and without contra-
lateral NBN presentation along with t-values.

500 Hz 1kHz 2kHz

Without | With | Without | With Without | With
NBN NBN NBN NBN NBN NBN

Mean 10 .09 .09 089 .09 .08

SD. 0428 0425 042 .038 042 041

t vaues 127 .166 0.57
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A glance at the table 4 shows that there was no significant changes in
amplitude between two experimental conditions (with and without
contralateral NBN presentation). Fg. 4 shows the graphical representation of
means and SD. of acoustic reflex amplitudes with and without NBN

presentation.

B Without NBN
With NBN

S00Hz  1KHz  2KHz
Frequency

Fig.4 : Mean and Acoustic Reflex amplitudes with and without
contralateral NBN
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DISCUSSION

The results indicate that contralateral stimulation by BBN can increase
the ART and reduce the acoustic reflex amplitude. This suppressive effect of
contralateral BBN stimulation on acoustic reflex could be a result of severa
factors:

1. Themiddle ear acoustic reflex elicited by contralateral noise itself.
2. Masking effect due to the inter aura cross over.

3. Centra masking effect.

4. An action of olivo-cochlear bundle.

5. Some systemic or unknown mechanics.

* The possibility of middle ear acoustic reflex elicited by contralateral
noise or masking due to inter aural cross over can be ruled out since the
intensity of noise was 30 dB SL which is insufficient to elicit the acoustic
reflex in normals and as the noise was presented through an insert receiver
interaural cross over is unlikely. Moreover, stapedia reflex attenuates the
sound reaching to the cochlea maximally at low frequencies (Zemlin, 1988)
and maximum cross over also takes place at low frequency. So, maximum
suppression would have been present for 500 Hz when compared to 1 kHz and
2 kHz. However, suppression was seenonly at 1 kHz and 2 kHz, not at 500

Hz. So, thesetwo possibilities can be ruled out.
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Central Masl<ing:

Masker presented to one ear can cause athreshold snift for a sgnal a
other ear even when the masker level 1stoo low for it to cross over to the
sgnal ear. This effect Is caled central masking and Is attributed to the
Interaction of masker and test sgna within the centra auditory pathway,

particularly a the levd of SOC (Gelfand, 1998).

However, eferent induced reduction in the senstivity can be another
explanation for central masking, because there are few smilarities between
central masking and action of efferents, such as,

1) The amount of threshold dhift produced by both the phenomenon are
small.

2) Efferent suppresson and central masking occurs more for high frequency
simuli than for low frequencies (Gelfand, 1998). So athough not fully

efferents may play arole in the central masking phenomenon.

* Therefore, the obsarved effect may be attributed to the change in the
electrical/mechanical properties of the cochlea brought by the efferent system.
The mechanism by which efferent stimulation alters the eectrical properties

of the cochlea and thereby acoudtic reflex can be understood by the following

physiological modd:
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Physiological modd: Fex (1962) was the first to suggest that medial

efferent system produces a drop in the endocochlear potential by
shunting the transduction current through the hair cells, and this theory
has been gaining in popularity (Erostegui et al., 1994). Therelease of
ACh by medial efferent terminals produces OHC hyperpolarisation via
ca”™ dependent outward K* conductance (Doi and Ohmori, 1993;
Erostegui et al., 1994; Housley and Ashmore, 1991). The increased
OHC negativity brought about by the hyperpolarising efflux of
intracochlear K*, also increase the electro-chemical gradient on
intracellular cations (ca™ and/or K* ). The increased driving force on
cations could conceivably augment the apica inward cation
conductance during the depolarizing phase of OHC-stereociliar
displacement. An augmented inward K* conductance could produce
an even greater concentration gradient for intracellular K*, leading to
an additional outward driving force on K*. This combined increase in
the inward and outward transduction current brought about by a
medial efferent-induced by hyperpolarizing K* efflux, is responsible
for increase in CM, since CM is postulated to be proportional to the
endolymphatic transduction current passing through individual hair
cells (Corey and Hudspeth, 1979, 1979b; Dallos, 1984; Hudspeth,
1986: Pickles, 1988). The same shunting of K™ transduction current

through many rows of OHCs, leads to decline in scala-media
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generated EP and may serve to shunt a proportion of the K*

transduction current away from the IHC transducer. This might reduce
the IHC depolarizing DC current and reduces IHC tuning (Brown et
al., 1983; Nultall, 1984, 1985). Thiswill leadto lesstransmitter being
released by IHCs (Guinana and Stankovic, 1995). Hence, it may
produce the reduction in discharge rates of auditory nerve fibers which
may increase the acoudtic reflex threshold and reduce its amplitude at

suprathreshold (re: ART) level.

T T R L i
A BTN e oy o WS
MBI T S S
el e o M Outar Hair Colls

Laters! Efferant ~ - <

= CH ENK DV

Fig.3: A modd of Mammdian Efferent Physiology.
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Alternatively, the MOC potential (drop in large positive EP, caused by
efferent) in the region of the dendrites of radial auditory nerve fibers may
cause there to be fewer action potentials in response to a given transmitter
release, and this may account for medial efferent effects on high intensity

sounds (Guinan, 1996) hence, on acoustic reflex.

Other possibilities by which efferent can modify the discharges of

auditory nerve fiber at high intensity are:

1. Efferents can produce a mechanical change (e.g., a distortion of
organ of corti) that reduces the mechanical coupling of basilar
membrane motion to sound-frequency bending of IHC Stereocilia
(de Boer, 1990)

2. Mechanical rectification in OHCs leads to a slow bending of IHC
stereocilia (this could be the primary mechanism of exciting of
auditory nerve fibers for high-frequency acoustic signal) and
efferent activity may inhibit auditory nerve discharges by reducing
the OHC rectification or the coupling of the resulting motion of

IHCs (Guinan, 1996).

Reduction in the amplitude at 10 dB SL (re: ART) indicates that
efferent system is capable of inhibiting auditory nerve discharges even at

intensities such as 100-105 dBHL.
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Why only for BBN?

Significant suppressive effect was seen only for the presentation of
contralateral WBN not for NBN. This may be because the acoustic reflexes
are elicited at high intensities where many auditory nerve fibers are activated
simultaneously. So a large percentage of efferents should be activated to
inhibit the responses from afferent auditory nerves. It has been shown that
OCB activation increases with stimulus bandwidth even when the overall
energy is maintained constant. This can be explained by the spatia
integration properties of certain neurons in the cochlear neucleus (Evans &
Zhoo, 1991; Young et al., 1992). Onset units have large tuning curves with
occasionaly inhibitory lateral bands in their response maps. These units are
able to carry out spatia integration of several auditory-nerve fiber responses
of different best frequencies, due to which OCB activation increases with
stimulus bandwidth, whether or not the overal energy is kept constant.
Similar results were aso reported by Norman & Thornton (1993) that
contralateral EOAE suppression effect increased with the contralateral
stimulus bandwidth. So by the BBN large number of efferents can be
activated than NBN. This might explain the observation that suppressive

effect was seen only for BBN not for NBN.



Why only for 1 and 2 kHz?

Sound in the one ear influences the responses in other ear mainly
through the uncrossed medial olivo-cochlear bundle. This is because majority
of medial fibers, which belongs to the crossed medial olivo-cochlear (MOC)
system, project on to the cochlea from which they recelve afferent
innervation. Furthermore, ipsilatera suppression is redly a double-crossed
reflex, that is signa crosses the midline twice, once in the input to the medial
efferents and a second time in the crossed efferent fibers (Liberman & Brown,

1986).

However, some fibers constituting the uncrossed MOC system project
on to the contralateral cochlea. These uncrossed fibers are involved in the
inter-cochlear pathway that enables sound in one ear to influence responses in
the other ear. However, the posshility of crossed MOCB causing the
suppression is also cannot be excluded, because few afferent fibers does not
crossover a midline, and projects to ipsilatera SOC. These fibers might
activate the crossed MOCB which projects to contralateral ear (Cody &
Johnstone, 1982). So the observed reduction may be a combined effect of
both crossed and uncrossed efferent fibers from either sides. These uncrossed
medial efferent innervation is largest near the center of the cochlea (Guinan,
Warr and Norris, 1984; Liberman, Dodds and Pierce, 1990). This might

explain the observation that there was no suppression effect in low frequency



(500 Hz) where apical part is active and is supplied by lessMOCB fibers. In
contrast, for mid frequencies (1 kHz & 2 kHz) suppressive effect was seen,
because the center part of basilar membrane is active and is supplied by large
number of uncrossed MOC efferent fibers. This observation is also consistent
with the interpretation that suppression of stapedial acoustic reflex was due to
medial efferents, not due to lateral efferents, because lateral efferent
inervation is relatively constant throughout the length of the cochlea (Guinan,

Warr & Norris, 1984; Liberman, Dodds & Pierce, 1990).

Does OCB feed back protect the cochlea from acoustic injury?

Reduction in the amplitudes of AR at 10 dB SL (re: ART) suggests
that the efferent system can reduce the auditory nerve fibers discharge rates
even at intensities above 100 dBHL. Raan (1988), Raan and Johnstone
(1983a, 1983b) reported that the compound action potential threshold shift
induced by acoustic over stimulation was significantly reduced by
simultaneous electrical stimulation of OCB. Cody and Johnstone (1982)
obtained similar results, when contralateral sound was used to activate
efferent system. The results of present study is also consistent with the above
findings that OCB can protect the cochlea from damage caused by loud

sounds.
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Test for MOCB:

Collet et al., (1990) suggested a possibility of investigating into the
function of olivo-cochlear bundle, using contralateral EOAE suppression.
Thus, EOAE recording during contralateral stimulation provides a non-
invasve means of investigating auditory efferent system functioning in
humans. Thistest has been found useful in identifying various retero-cochlear
pathologies. This suppression is reduced or absent in patients with RCP and
size and gite of the lesion determines whether the suppression is affected

unilateraly or bilaterally.

However, use of OAE to investigate the efferent functioning has the
following pitfalls:
1) The cochlea should be normal.
2) Thistest fails to evaluate the efferent system when cochlear pathology as
well as retrocochlear pathology exist inthe same ear.
3) OAEsevaluate the efferent system only at low intensities.

4) Mgority of the clinics in India do not have sophisticated instrumentation

like OAE.

On the other hand, AR can be used to evaluate the efferent pathway at
higher intensities and the instrument required is also readily available in most

of the audiology clinics.
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A suggested protocol to investigate the auditory efferents in humans

using acoustic reflex would be to,

1) record the acoustic reflex threshold at 1 kHz or 2 kHz in one ear in the

2)

3)

4)

5)

absence of a contralateral acoustic stimuli.

Present a BBN stimulus at 30 dB SL (ref: threshold of BBN) using on
insert receiver to contralateral ear and record the ART again, in the
presence of BBN.

Find the difference between ART in both the conditions. From the
preiminary- data obtained in the present study, it can be said that in
normals with contralateral BBN there is an elevation of ART by an
averageof 4dB at 1 kHz and 3 dB at 2 kHz.

Repeat the same procedure by monitoring the reflex in the other ear.
Present the reflex activating stimulus at ART +10 dB at 1 kHz and 2 kHz
and record the amplitude of AR in the presence and absence of contra-

lateral BBN.

6) In normals, this amplitude is decreased by .03cc in the presence of noise.

In cases of RCP this phenomenon may not be seen. However, further
investigations in pathological population is needed before any conclusion

is drawn.
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SUMMARY AND CONCLUSIONS

Although the biological dgignificant of efferent fibers remains
ambiguous, it is clear that activation of medial olivo-cochlear fibers has an
inhibitory effect on the auditory periphery (Abdal, Ma. & Sininger, 1999).
The OAE which reflect the OHC integrity, provide an appropriate index of
changes in cochlear function as MOC fibers are activated However, OAES
evauate MOCB only at low intensities. In contrary, acoustic reflex can be
used to monitor the MOCB effects on high intensity levels. Since there was a
dearthinthe literature inthis area, this study was taken with the am
1) to examine the effect of contralateral WBN and NBN on AR
2) To see whether OCB has any protective effect or not.

3) Todevelop atest to evaluate efferent pathway using AR.

Sixty subjects (30 males and 30 femaes) were included in the study.
ART and AR amplitudes were measured across three frequencies (500 Hz, 1
kHz and 2 kHz) with and without the contralateral wide and narrow band
noise presentation at the intensity level of 30 dB SL through the insert
receiver to avoid cross over or stapedia reflex caused by noise itself. The
results indicated that with contralatera BBN presentation, there was
significant increase in the ARTs a 1 kHz and 2 kHz (4 dB & 3 dB

respectively). But there was no significant change in the ART at 500 Hz.
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None of the frequencies showed significant change with the contralateral

NBN presentation.

AR amplitude also reduced by an average .03cc at 1 and 2 kHz with
contralateral BBN presentation. But 500 Hz did not showed any significant
change. Contralateral NBN presentation did not showed any significant

difference in the amplitude at dl the frequencies tested.

This suppression effect seen can be attributed to the change in the
electrical and mechanica properties of the cochlea brought by the efferent
system. Since MOCB innervation is largest near the center of the cochlea
(Guinan, Warr & Norris, 1984; Liberman, Dodds & Pierce, 1990),
suppression was seen only in mid frequencies (1 kHz & 2 kHz) but not at low
frequency (500 Hz). BBN showed more suppressive effect because OCB
activation increases with stimulus bandwidth, even when overal energy is

maintai ned constant (Norman & . Thornton, 1993).

Thus, the study on the effect of contralateral acoustic stimulation on
AR opens the door to further research on the efferent effects at high
intensities. From the results it can be inferred that efferents may play arolein
protecting the cochlea from loud acoustic stimulation and it can be used as a

objective noninvasive technique to eval uate the descending auditory pathway.
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