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| NTRCDUCT! ON

It has been consistently found in research studies that
when the auditory systemis continuously stinulated with a
signal, a tenporary threshold shift (TTS) occurs. This post
exposure performance exhausts the pernutati ons avail abl e;
i.e. following stimulation, the auditory systemcan mani f est
I ncreased sensitivity, decreased sensitivity, oscillation bet-
ween increased and decreased sensitivity or no change in

sensitivity.

Adaptation refers to "Any change in the functional state
of the auditory system brought about by an acoustic stimulus.
Such a change in the auditory systens functional state may
mani fest itself in avariety of ways. A ong the intensive
di mensi on, the absol ute threshol d of hearing has been shown
to change"” (Small, 1963). This variability in threshold,
depends, atleast, in part on the type of stinmulus used to
excite the ear and on the post exposure tine at which respon-

siveness i s determ ned.

Sensitization is a termwhich is used generally to describe
| nprovenent in threshold consequent to auditory stimulation.
Under certain conditions, stinulation increases the sensitivity
of the neural system This phenonenon referred to, as "sensiti-

zation" can be observed under certain conditions to affect not



only pure tone thresholds (Hughes 1954) and threshol ds of action
nerve potentials (Hughes and Rosenblith, 1957) but al so thresh-
ol ds of Acoustic Reflex (S mmons, 1960).

| ncreased responsi veness of the neural systemafter appli-
cation of a tetanizing stinulus has been terned post tetanic

potentiation (PTP) by Eccles (1953).

Specific to increase in behavioural threshold, the pheno-
nmenon of sensitization has been studied by various investigators
I n the past (Hughes, 1954, Noffsinger and Till man, 1969,
Nof f si nger and A sen, 1969, Rajani Kanth, 1985, Ragi ni, 1985 and
Sridhara, 1985). However, the phenonenon of sensitization has
been proved by various other nethods such as increase in ART
(Chabot, 1977) and changes in physiol ogi cal potentials (Benitz,
1972). (Cody and Jhonstone, 1982).

Hughes (1954) used the terminmedi ate sensitization to
descri be pure tone threshold sensitivity "that was better than
It had been, before another pure tone stimulated the ear and
that appeared as the first noticeabl e deviation fromthe pre—
exposure threshol d." Hughes denonstrated thi s phenonenon by
enpl oyi ng | ow frequency stinmulating tones at noderately intense
| evel s (80-100 dB SPL) for one mnute. He found that inmredi ate
sensitization appeared "only when the frequency of the test tone
was | ower than that of the exposure tone". The time course for
t hese events featured an imredi ate threshol d sensitization that

grewto a maxi numsize at about 30 sec. post exposure and then



gradual |y di sappeared by one mnute. Hughes found inmedi ate
sensitization interesting since sensitisation for other exposure
conditions usually occured as part of a multiphasic recovery
process, in which the sensitized threshol ds were preceded and
succeded by desensitized threshold i.e. occured as part of a

R|I and R 2 sequence. Hughes found t he phenonenon of | mredi ate
sensitization sufficiently unique to characterized it as perhaps
resulting fromsone specific activity related to the auditory

processi ng of |ow frequency signals.

Nof fsinger and Tillman (1969) wanted to replicate and
consi derably expand Hughe's study. So they used 3 intensity
| evel s 40, 65 and 90 dB and 200, 500, and 4000 Hz signals. In
expandi ng, they used (1) Larger subject popul ation and (2)
Trial s using higher frequency stinmulus. Noffsinger and Till man
found, in contrast to Hughe's study that sensitization that is
t he only notabl e devi ation frompreexposure perfornmance i s not
restricted to | ow frequency condition. They concluded that
"I medi ate sensitization is a real auditory phenonenon that can
be elicited froma group of normal hearing subjects."” Many of
thetrials in their experinents allowed exhibition of sensitiza-
tion which was the first and only notabl e deviation fromthe
preexposure | evel of threshold sensitivity. |In addition, this
phenonenon was not restricted to situati ons enploying | ow freguent
exposure and test stimuli. Since it could be elicited by stinu-
lating the ear with a 3000Hz tone and examning threshold for

2000Hz pul ses.



They further found that (1) sensitization is greater and
appear s sooner in the post stimulation time course for the | ow
frequency conditions than for the high frequency ones (2)
sensitization magnitude increases as a function of exposure

intensity for both |Iow and high tone conditions.

In another study carried out to find out the effect of
i psilateral adaptation and changes in threshold, Rajanikanth
(1985) found that whil e using pure tones of 500, 1000, 2000
and 4000 Hz and at 20, 40 and 60 dB SL's, nagnitude of sensi -
tization was nearly sanme at all the frequencies tested.i.e.
t he frequency of the adapting stimulus had no effect on the
magni tude of sensitization. He also found that the nmagnitude
of sensitization at 60 dB SL was nore than that for either 20

or 40 dB SL.

There was inprovenent in thresholds in the ipsilateral ear
for frequencies, 500, 1000, 2000 and 4000 Hz after the ear was
stimul ated wi th narrow band noi se (sridhara, 1985). sridhara
al so found that the magni tude of sensitizationwas not significantly
affected by the test frequency. However, the level of stinmulus
presentation did have an effect on the magnitude of sensitization,
in that nore sensitivity (7 dB) was observed with 60 dB SL presen-
tation of Narrow Band Noi se (NBN) rather than for 20 dB SL (4 dB)
or 40 dB SL (2.5 dB).



To find out if stimulation of one ear with a pure tone,
can bring about sensitization in the contral ateral ear as
shown by i nproved behavioural thresholds, Ragini (1985) carried
out a study on normals. The results of her study showed
"Sensitization" in the contralateral ear consequent to auditory
stinmulation of the test ear. The present study ains to find out
sensitization at frequencies |ower than the stinulus frequency,

when the duration of the continuous stimulation is 7 m nutes.

Hypot hesis of the study:

The follow ng null hypothesis was fornmul ated for the

present study.

"There is no significant difference between the threshol ds

obtained in the conditions A and B".

Condi tion-A Threshol d for pul sed tone obtained in the presence

of a continuous pure tone. The pul sed tone bei ng one octave

| ower in frequency than the continuous pure tone. The |evel of

t he conti nuous tone being 40/ 60/ 80 dB HL.




Condition-B: Threshold for pul sed tone obtai ned agai n when the

ear i s being stimul ated beyond 7 m nutes by the continuous tone
t he pul sed tone bei ng one octave |ower in frequency than the
conti nuous pure tone. Level of continuous tone bei ng 40/ 60/ 80

dB HL.

Condi ti on-B

o i

——— F s ————

Wher e

X = 40/ 60/ 80 dB HL
and
F,= 500/ 1000/ 2000 Hz

F, = 1000/ 2000/ 4000 Hz

Brief plan of the study:

15 subjects with nornmal hearing (ANSI, 1969) were selected
and they constituted 3 groups of 5 subjects each.

Qoup-A : Was tested at 40 dB HL

G oup-B : Was tested at 60 dB HL

Qoup-C : Was tested at 80 dB HL

Each group was tested using the three adapting frequencies

vi z. 1000, 2000 and 4000 Hz, separately. The test frequencies



for the three adapting frequencies (1000, 2000 and 4000 Hz)
wer e 500, 1000 and 2000 respectively. In other words, the
test frequency, for measuring the thresholds after the ear
was adopted, was al ways one octave bel ow the adapting fre-
guency. The duration of adapting stinulus was nore than

7 mnutes. At the end of 7 mnutes, the threshold for the
pul sed tone (one octave bel ow t he adapting frequency) was
determned in the presence of the adapting stimulus. That
i's, the adapting stinmulus was not with drawn at t he end of

7 mnutes, while measuring the threshold for the pul sed tone

(see the figures 1 and 2 for clarity).



REM EW CF LI TERATURE

St udi es on Loudness adaptation have been carried out,
over many years. As early as 19th century, researchers such
as Dove denonstrated the existence of Adaptation. Auditory
adaptation is the change in the functional state of the audi-
tory system brought by an acoustic stimulus or nerely a reduc-
tion in apparent nmagnitude or an increase in true threshold

(Eliott and Fraser, 1970).

Davi s (1961)says - In the neuro-physiol ogi cal term adapta-
tion may be described as "peripheral or |ocal change in the
sensitivity of sensory cells". Auditory adaptation can be
classified as:

1. Perstimulatory | (Ward, 1973). Q Post Stinulatory

or |

2. Concomtant | Residual

1. Sinple|

| (Scharf, 1973).
2. I nduced |

- Perstinulatory adaptation is - Adaptation measured using simul-
- Resi dual adaptation in
t aneous di chotic | oudness bal ance net hod. adaptati on neasured

after the process of

- Concomi tant adaptation is - Adaptation nmeasured during the adoptrate

process of adaptation.
- post stinulatory adoptation is adaptation nmeasured using
ABLB t est
These two types of adaptation can further be divided into

Monaur al or Bi naural .



Si npl e adaptationrefers to "the reduction in |oudness,
measured over a period of time, of a single auditory stinulus".

Here, there is no conparing stinmulus.

On the other hand, the adaptation neasured using inter-
aural matching procedure with a steady sound in one ear and
a pul satile sound in another or sane the ear is terned "Induced

Adapt ati on".

Adapt ati on has been traditionally neasured by using:
| . Psychophysi cal methods.

I I . Neurophysi ol ogi cal nethods.

|. Let's first deal with psychophysical nethods. They are,
according to Scharf, 1982.
(a) Measurenents without recourse to interaural |oudness matches.
(b) Measurenents of adaptation based on interaural |oudness

mat ches.

(c) Measurenents of adaptation based on lateralization judgenents

(a) Measurenments without recourse to interaural |oudness matches:

Researchers in the past have tried to neasure adaptation
with this nmethod. In one such study by Lawence et al., in 1949
ni ne untrained observers were required to say whet her the sound
had increased or decreased in |oudness, while the | oudness re-

mai ned unchanged, increased or decreased in | oudness.
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Wien this 1KHz tone was 15 dB above threshol d, the observer
said that |oudness of an unchangi ng tone had decreased, 82% of
thetinmes. They also said that |oudness had i ncreased, 66%of
the tinmes, when the tone was actual |y unchanged and was 70 dB
about threshold. The observers judged the |oudness of a 15 dB
t one as unchanged (i.e. half the judgenents were that the sound

had i ncreased in |oudness and half that it had decreased when

at a
the tone actually increased/rate of nearly 3 dBmn.) At 70 dB SL,

the tone had to be decreased at the rate of 0.5 dB/ mn. for the
| oudness to be judged as constant one interpretation of these
results is that the | oudness of a soft tone decreases over tine

but that of a tone at a noderate |evel may increase slightly.

In anot her study Harris and Pittler (1960) gradually
i ncreased or decreased the intensity of the tone while the
observer tried to keep |oudness constant by conpensatory tracking.
The observers maintained nearly constant intensity for a 1KHz
tone at 40 phons for upto 1 mnute. Had |oudness been decreasi ng
owi ng to adaptation, observers would have been expected to err
by overconpensating for a tone physically decreasing in intensity

and under conpensating for a tone physically Increasing in inten-

Sity.

b) Measurenent of |oudness based on interaural |oudness natches:

There is a |large anount of discrepancy between the nonaural

and bi naural | oudness matching techni ques. The supposedly neutral
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conpari son sound brought out nmerely as a yardstick, has often

a marked effect on the | oudness of thetest sound, a depressing
effect that increases over tine. The simltaneous neasures
tell us about induced | oudness adaptation, the del ayed dichotic

nmeasures tell us about sinple adaptation.

I n Simul taneous di chotic nmeasures, the conparison sound is
presented to the ear contralateral to that receiving the steady
sound whi |l e the steady tone is still on, the conparison sound

in presented either once or repeatedly.

I n del ayed di chotic | oudness bal ances, the |oudness of a
brief sound in one ear is natched to a | ong-duration sound

after termnation of the long duration sound.

Scharf is of the opinion that contenporary literature
reveal s an absence of | oudness adaptati on by del ayed dichotic
| oudness bal ances as wel | as fromnonaual studies. The adapta-
tion in simltaneous dichotic |oudness bal ances is ascribed to
i nteracti on between the conparison tone and is not assumed to
denonstrate a decline in |oudness that woul d have taken pl ace
sinply as a function of tine without the intervention of the
contral ateral conparison sound. This is because (1) If inter-
action is elimnated by using nonaural studies or if it is
reduced by masking the frequency of a conparison tone which is
presented only once different fromthe test frequency (Bray, 1973).

Then adaptati on di sappears (2} If interaction is increased by
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| engt heni ng t he duration of sinmultaneous conpari son sound or
by presenting it intermttently throughout the period of the

adapt i ng sound adaptati on may be increased to as much as 30 dB.

c) Measurenent of adaptation using |lateralization procedure:

Adapt at i on neasur ed usi ng | oudness nmatchi ng and | at er a-
lization do not yield the sane results. Wen true sounds of
simlar frequency are given to the two ears at same intensity
| evel s, the 2 tones are heardas a single tone at or near the
center of the head. It follows that if one ear is exposed to
a steady sound whose | oudness decreases due to adaptation, the
introduction of an equally intense sound in the unadapted ear
should result in lateralization towards the ear where | oudness
is greater. But it has been shown that (1) nedi an—pl ane | oca-
| i zati on does not require equal |oudness at the two ears (2)
Even if |oudness equality is required for nedian - plane | oca-
lization, it does not necessarily followthat prol onged stinu-
lation results in | oudness adaptation, prolonged exposure coul d
just as well fatigue or result in adaptation of |ateralizatlon

nmechani sm

Scharf suggests that adaptation of the lateralization
mechani sm |i ke induced | oudness adaptati on, occurs when a steady
tone to one ear is acconpanied by an intermttent toneto the
other ear. The two phenonena probably depend on a conmmon necha-

ni sm



I 1. Neurophysiol ogical data on auditory adaptati on:

Few data are avail able on/l ow neural responses within the
auditory systemdepend on tinme beyond durations of 1 or 2 secs.
It has often been denonstrated that a sound evokes an initial
burst of rapid firing in a single eighth-nerve fiber and that
wthin the first 50 nsec, the rate decreases to a nore or |ess
steady val ue. But just how steady that val ue renmai ns over the

next several mnutes is not clear.

Young and Sachs (1973) showed that discharge rate changes
as a function of tine at lowas well as at high stinmulus |evels.
SPL's from28-89 dB, the response to a 60 sec. tone near 2KHz
decreased rapidly during the first few seconds of stinulation

and then slowy throughout the remainder of the 60 sec. period.

The effect of |evel on neurophysiol ogical responses in the
cochlear nucleus is reported by tenkate et al., (1977). In cat,
the spike rate in units of DCN decreased with duration in response
to a steady 100 sec. tone or white noise. The decline in firing
rate as a function of duration increased with stimulus |evel. The
initial spike rate increased with level, but after 100 sec, the
firing rate after 100 sec. was faster to a low level tone than to
atone 80 dBnore intense. This is contrary to the psychophysica
data on humans. Humans show a decrease in adaptation with increas-
ing level until by 30 dB SL sinple | oudness adaptation is hardly

neasur abl e.
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I n anot her study by G ssel son and Sorensen (1959), the
researchers found that brief change in the sensitivity due
to lowintensity auditory stinmulation, which they ternmed adap-
tation seen in psychoacoustic experinents, could not be
recorded in the cochlear mcrophonic in the guinea pig. For
this reason they felt that the cause of this adaptati on shoul d
be sought nore centrally. In a further experinent Sorensen
studied auditory adaptation in nerve action potential in the
guinea pigs. He found a reduction in the anplitude of the
click responses when the clicks were nmasked by white noi se of
noderate intensity, and he also recorded t he recovery tine
for the second of a pair of clicks. He concluded that a "depre-
ssion could not be provoked by stinulation of the contral ateral
ear, for which reason central inhibition could be excl uded".
However, Petty et al (1970), used successive and sinultaneous
presentation of heterophonic stimuli in order to determne
whet her adaptation is a central or a peripheral phenonenon.
They observed decrenents with the typical sinmultaneous dichotic
bal ance procedures which they feel probably reflect slowy
devel opi ng changes in binaural interaction and consequently

are central rather than peripheral.

Sensitivity of single auditory nerve fibers to pure tone
stimuli can be reduced by anoxia, ototoxic drugs exposure to

high intensity tones (K ang, 1970).
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Furukawa and Mat suura (1978) are of the opinion that
adaptation takes place at the synapses between the hair cell

and afferent nerve fibers.

Thus various sites of adaptation have been proposed by
various researchers. An inportant region in the auditory
systemwhi ch plays a major role in adaptation is olivo cochl ear
bundle. This is one of the nmajor efferent pathways running
fromsuperior olivary conplex to hair cells of cochlea. Because
of efferent pathway the activity of the lower levels of the
nervous systemcan be influenced by the conpl ex responses of
the highest. A suggested possibility is that the centrifuga
pat hways coul d nodi fy the sensory input during processes such
as attention (Pickles, 1982). However, declining of attention
over a period of tine as the cause for adaptation has been

refuted (scharf, 1982).

The fibers of the olivo cochlear bundl e enter the cochl ea
and branch off to enter cochlear nucleus. Wthin the cochl ea,
the fibers termnate in two ways. Sone fibers termnate with
| arge granul ated synaptic termnal s around the | ower ends of
the outer hair cells. They appear to envel ope both the base
of the outer hair cells and the afferent termnals. They
therefore appear to be able to control not only the state hair
cells but possibly also synaptic transmssion to the afferent

pat hway. These are nainly crossed fibers (COCB).
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A rather great proportion of the fibers (UOCB) end in
the region of the IHC. They nmake dendritic synapses w th
afferent termnals on the base of IHC but sel domdo they
make contact with the |HGCsthenselves. Projection to the IHC s
cones mainly fromlateral superior olive (LSO but those to
OHC cones fromMSO. This separation into 2 systens, one to
the region of the IHC and one to the CHC, may wel | be associ at ed
with a functional separation associated with the different

roles of the I|HC and GHC i n transducti on.

Activation of crossed olivo cochlear bundl e (GOCB) hyper -
pol arized cells and therefore elicits greater cochlear mcro-
phonic (CM). OCMcones nainly fromCHC which receives fibers
fromCOCB. Stimulation of the UOCB reduces the N1 potenti al

of the cochlea but has no effect on the cochl ear m crophoni cs.

Lei brandt (1965) studied the role of OCB in adaptation.
He recorded whol e nerve responses at the round wi ndow of
guineapigs to a series of tone bursts. Adaptation to successive
stimuli was noted in the round w ndow response. However, on
I njection of "procai ne" absence of adaptation was noted in 6
of 10 animals. 1In others arrest of respiration occured or the
adapt ati on remai ned unchanged. He concl uded that the absence
of adaptation was secondary to the bl ockage of the efferent
bundl es to the cochlea. Researchers have found that stinulation
of the crossed olivo cochlear bundl e produces a suppression of

the AP response fromthe round w ndow.
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Dayal (1974) studied adaptation to successive auditory
stimuli in the nerve action potential. The frequencies inve-
stigated ranged from4KHz - 7KHz at 60-70 dB SPL. Changes in
adapt ati on were studied before and after sectioning of the
COCB. No effect was seen at the AP recorded fromthe round

w ndow.

Adaptation is avoi ded when stinuli evoke on responses in
units of the auditory systemat |evels beyond the cochl ear nucl ear
conti nuously. Scharf assunes that on-responses occur when
the level of excitation increases sufficiently either because
of an increase in stimilus intensity over a snmall group of
fibers or because of variation in pattern of excitation across
fibers.Changes in stimilus intensity at |ow | evels are needed
to evoke on responses. (therw se the excitation remains relatively

fixed over a snall group of units.

Variation in excitation patterns occurs at hi gher |evels
where the pattern evoked by a tone in wi de spread and unstabl e

as a large nunber of fibers fire out of phase.

The general rule nmay be that sensory systens adapt to
steady, prolonged stinulation that is concentrated on a constant
set of receptor units. Fluctuations in the level of stimulation
reduce or elimnate adaptation. Fluctuations may be in the

stimulus or in the sensory systemw th respect to | oudness, the
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question is just how and where in the auditory systemtenporal
variation are inposed on the level of excitation ao as to

avoi d adaptati on under nost |istening condition.

Sensitization:

Law ence (1949) and Hughes (1954), Mrabella et al., (1969),
Asenand Tillman (1970), Noffsinger and Tillman (1970),
Fex (1982), CGerken (1984), Pickles (1982), Cody and Johnstone
(1982) have all reported | oudness gain after continuous sti-
mul ation of the auditory system Evidence for "sensitization"

cones from both psychophysi cal and neurophysi ol ogi cal studi es.

As sited earlier Lawmence et al., (1949) in a study with
9 normal subjects concluded that |oudness of a tone at noderate
intensity may increase slightly. Mrabella et al., (1967)
reported that 72 observers showed reverse adaptation for a 3.5KH

tone at 90 dB in the tracki ng net hod.

Qerken (1973) studied the effects of 3KHz t one bursts of
2 ms. duration in terns of the evoked response obtained from
t he medi al geniculate nucleus in cats. |Increased stinulus
Intensity produced increased evoked response anplitude. In
addition of a 3KHz, 70 dB SPL conti nuous tone nade a signifi-
cant alteration in one of the anplitude intensity function.
In the presence of the continuous tone the evoked response

anplitude was greater. Gerken terns facilitation of this sort
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by a sustai ned sound, "enhancenent”. The relationship between
enhancenent, stinulus paraneters and paraneters of the conti-
nuous tone was found to be conplex. Gerken also hypothesizes
t hat the enhancenent produced in nmedial genicul ate evoked
responses by a sustained sound is related to the stinulation
hypersensitivity produced by the sustained sound in the coch-

| ear nucl eus.

Gerken defines "hypersensitivity" as any phenonmenon
representing sustained alteration fromthe resting state of
the auditory systemin the unanesthetized animal, neaning that
sonme neasurabl e aspect of the central auditory systemhas

changed so that the systemis nore excitable or sensitive than

inits resting state. But then, there is still controversy
regardi ng, whether adaptation is central or peripheral. Petty
et al., (1970) are of the opinion that adaptation is a central
phenomenon.

Nof f si nger ana O sen (1970) are of the opinion that sensi-
tization and desensitization reflect the state of atl east
partially separate physiol ogical nechanisnms that are affected in
different ways and for different periods of tinely prolonged
stinmulation. One reasonable hypothesis is that sensitization
mrrors' a presynaptic electrical or electronechanical hyper
excitability i.e. hyperpolarization and desensitization reflects

a reduced post synaptic receptive capability.
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Nof f si nger and Tillman (1970) studied sensitization and
conclude that (1) Sensitization to a continuous tone is greater
than to that to an interrupted tone (2) Sensitization is not
restricted to the ear exposed although transitory sensitization
IS.

t hat
Bodi an (1983) says/it nust be kept in mnd that evidences

for inhibitory role of the efferent innervation of the cochlea
pertains to the inner hair cell system Function of ESICHC is
yet to be known presence of efferent innervation of the vesti-
bul ar receptors suggests a general role for all [|abyrinthine

ef ferent pat hways such as the enhancenent of sensitivity of the

vari ous receptors.

The acoustic stinulation of COCB may be expected to result
in the increase of the sensitivity of OHC afferents through
the recycling of the rel eased neuro-transmtter (acetyl choline)
as suggested by Fex (1982). The released neurotransnmtter may
be "Aspartate Ami no Transferase" or even encephalin |ike neuro-

active substance which contributes to sensitization.

Vyasanmurthy (1977) used the magnitude of acoustic reflex
as a nmeasure of perceived | oudness. He used this technique to
nmeasur e adaptation and recovery from adaptation. Data was
coll ected on nornmal hearing adult subjects using this technique.

Havi ng obtained this data, the researcher proposed a revised
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nodel of adaptation, which anong many ot her things, also
provi des explanation for sensitization of |oudness gain.
The revi sed nodel of adaptation considers both the peripheral

and central organs in explaining the phenonmenon of adaptation.

To understand the revi sed nodel of adaptation it's
necessary to know a few anatomcal details of sone of the
structures of the auditory system As nentioned earlier the
inervation of CHC and IHC by the efferent pathway is diffe-
rent. This probably inplies functional differentiation of

IH3 and OHCs in transduction (Pickles 1982).

In the revised nodel of adaptation, Wasanurthy proposes
that there are units in the auditory system specifically
responsi bl e for |Ioudness gain. He terns them"a," units in
contrast to the "a" and "a;" units which are responsible for
| oudness | oss, "a" units are stable "a; and a," units are

unst abl e, a" units may originate fromthe afferent neural
units of characteristics frequency. al units nmay originate
fromthe efferent systeminnervating the inner hair cell

(ESI1THO and a, units which are responsi bl e for | oudness

gain may originate fromthe efferent systeminnervating the
outer hair cell (ESIOHC). The efferent systemto the |HC

cones mainly fromLSO and that to the CHC cones nainly from MO
Thus, a; and a, units may originate fromthe actions of the

LSCES and MBCES respectively. The |oudness gain is attributed
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to MBOES. However, this systemstinmulation the IHCs for |ow
intensity sounds. The nodel assunes a nechani cal coupling
between the outer and inner hair cells, which nodifies the
input to the inner hair cells. The role of GHC i ncluding t he
MBSCES for stimulating the IHCs for lowintensity sounds has
been cited by Davis, (1983) Mbuatai n, (1985) anong nmany ot hers as
reported by Wasamurthy (1985). The "cochlear anplifier" is
responsi ble for the greater sensitivity and sharp tuni ng curves
expressed by the IHC efferents. This active nmechanismis an

el ectronmechani cal anplification, whose reduction woul d result
in adimnished input to the receptor cells and hence the dis-
charge rates of the auditory nerve fibers of characteristic
frequency would result. This reduction in el ectronechani cal
anplification could bs brought about by exposure to sound.
Thus, the active nechanismnay be responsible for the greater
sensitivity and sharp tuning expressed by the IHC afferents.
The active nmechani smnay al so be responsible for the production
of "a" units - which operate during adaptation. In explaining
what happens during sensitization, in the light of the revised
nodel , Wasanurthy proposes that - "the nmechanical input to the
inner hair cells of lower characteristic frequency may increase
during auditory adaptation”. This proposal in supported by
Hugheg's finding that "sensitization" is found at frequencies

| oner than t he adapting frequency,i.e. to say, there is an increase
inthe rate of firing of neurons whose characteristic frequency

Is |ower than the stimulus frequency, as a consequence of increased
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active nechanism The active mechani smprobably shifts towards

the apical end which is responsible for |ower frequency.

However, the increased active mechani smwhi ch probably
I's responsible for the increased firing rate, is not evidenced
interns of the AP response. Infact, AP response reduces
after the ear is adapted. However, since AP response reflects
t he synchroni zed firing of the neurons mainly fromthe basal
and, it is likely that the increased rate of firing of the
neurons at the apical end, may not be represented in the AP

response.

There is yet another explanation for the | oudness gain
proposed by Wasanmurthy. The CHC afferents may be reporting
back the state of stiffness of the stereo cilia to efferent
excitation. Since the input (CHC afferents) is inportant for
t he servo-system (CHC afferents and efferents), the MSCES may
mai ntain t he synaptic efficacy by recycling the rel eased neuro-
transmtter using the aspartate-amno transferase. Excessive
activity of the MSCES which probably results fromt he changes
in the input may al so contribute to the | oudness gain. Bodian
(1983), Code and Jhonstone (1982) have shown that the rol e of
t he MSCES i s | oudness gai n.

Loudness Loss: LL may arise from|HC afferents whose char act e-

ristic frequency is sane as the frequency of the adapting stinmulus
These CF units are thought to be responsible for the "a" units.

"al", units arising fromLSCES may al so be responsi bl e f or | oudness
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The evidence for this is (1) afferents to the | HCs synapse with
the afferent dendrites (no connection with t hecell body) (2)
Stinmulation of the uncrossed OCB (which mainly supplies |HCs)
reduces N, potential (Sohner, 1966) (3) The neurotransmtter of
t he LSCES i s ankephaline which is an inhibitory transmtter.
(Eyebolin and Pujor, 1984) (4) Code and. Johnstone (1982) denon-
strate that the ipsilateral sensitivity |oss induced by an

I ntense pure tone coul d be reduced by acoustic stimlus of

t he sane frequency delivered similtaneously to the opposite ear.
Probably the LSCES inhibit the IHC afferents fromfiring during
bi naural acoustic stimulation. The neural units being "So" in-
hi bited may be expected to have avoi ded the adaptati on process
and hence their contribution to N, response during the post
exposure period coul d be responsi ble for the reduced ipsilatera
sensitivity loss (The contral ateral stinmulus may prevent the

| oudness gain in the adapting ear by interrupting t he active
nmechanism- this factor al so may be responsible for the reduced
I psilateral sensitivity loss) (5 Stinmulation of the UCCB inhibits
the activity of auditory nerve fibers (COMs, 1962).

The revi sed nodel of adaptation has been verified by 3
I nvestigators studying sensitization. Al the three studies
(Ragi ni, Rajani kanth, and Sreedhara, 1985) supported t herevised

nodel .

Ragi ni's study concentrated on sensitization for contral ateral
auditory stinmulation. She found that the ear opposite to the

adapted ear exhibits sensitization at 500 Hz, | 000Hz, 2000Hz and
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4000Hz. Adaptation was carried on at 50 dB HL for 7 m nut es.
She used 32 subjects who were divided into 4 groups. G oup-A
was tested only at 500Hz, G oup-Bwas tasted at 1KHz, G oup-C
was tested at 2KHz and G oup-Dwas tested 4 KHz. Ragi ni con-
cludes that "the fact that the ear opposite to the adapted

ear exhibits sensitization is an evidence that sonme facilita-
tory process may be operating in the ear opposite to the adapted

ear This facilitatory process nmay be viewed interns of
synaptic efficacy brought about by the efferent systeminner-
vating the outer hair cells (ESIOCHC). The loudness gain in the
contral ateral ear, accordingto Wasanurthy (1982) is dueto
efferent action, i.e. "a2" units will be produced in the ear
opposite to the adapted ear and this presunmably is responsibl e
for greater adaptation observed in the SDLB techni que, when

adaptive stimulus of 80 dB is used.

Sridhara (1985) studied sensitization in ipsilateral ear
on exposure to continuous narrow band noi se. He used 15 norna
hearing subjects divided into 3 groups. The first group was
exposed to NBN at 20 dB SL, the second group was exposed to 40 dB
SL and 3rd group was adapted at 60 dB SL. The duration of expo-
sure was 7 mnutes for all the three groups. Al the 3 groups
were tested at 500Hz, | 000Hz, 2000Hz and 4000Hz pul sed pur e t ones,
whil e the same ear was bei ng exposed to NBN centered round 500Hz,
| 000Hz, 2000Hz and 4000Hz respectively. He tested only the right
ear.
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Sridhara found sensitization at all the four frequencies
tested . In his study the nmagnitude of sensitization increased
as the level of the adapting stinulus increased. The nean
val ues of sensitization at different levels of stinmuli are 4dB

for 20 dB SL, 6.5 dB for 40 dB SL and 7 dB for 60 dB SL.

I n another study carried out on the effect of ipsilateral
adaptati on and changes in threshold, Rajanikanth (1985) tested
15 normal hearing subjects who were divided into 3 groups based
on at what intensity their ears were adapted. G oup-A was
exposed to 20 dB SL, Goup-Bto 40 dB SL and Goup-C to 60 dB
SL. The frequencies tested were 500Hz, | 000Hz, 2000Hz and
4000Hz. Like Sridhara, Rajanikanth also found that the"frequency
of the stimulus had no effect on the nagnitude of sensitization.
However, the level of adaptation did have positive correlation
with the magni tude of sensitization, in that sensitization at

60 dB SL was nore than that for either 20 dB SL or 40 dB SL.

It has been specul ated (Wasanurthy, 1985) that when an
auditory stimulus is presented continuously to the ear, the
| ocus of the active nechanismnmay shift apically, which in turn
may be responsi ble for the "sensitization" at frequencies | ower
than the adapting frequency. Many investigators have reported
that the function of the active nechani sm (conprising of CHCs

and their afferents and efferents) is to increase the sensitivity
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of IHCs for lower intensity sounds. That is, it is reported
that the MSCES may increase the stiffness of the stereo cilia
of the OHCs to increase the nmechanical input to the I HCs.
Thus, the "sensitization" may result fromthe increased nmecha-
nical input to the I HCs whose characteristic frequency is

| ower than the adapting frequency.
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METHODOLOGY

The present study was carried out to study sensitization
at frequency |lower than the stimulus frequency. The stinulus
frequency wag 'on' for a period of 7 mnutes and the pre and
post exposure threshol ds were nmeasured in the presence of the
stimulus frequency. The stimulus frequencies were 1KHz, 2KHz
and 4KHz and threshol ds were neasured at 500Hz, 1KHz and 2KHz

respectively, i.e. one octave bel owthe stinmulus frequency.

Subj ects:- 15 subjects (8 fermales and 7 nal es) between 18 and
25 years of age (mean age 19.13 years) served as the subjects

for this study. Al the subjects had a hearing threshold | eve
of less than or equal to 25 dB (ANSI, 1969). None of the

subj ects had significant otol ogi c history.

Equi pnent used:

A dual channel diagnostic audi ometer, Beltone 200-C with
TDH 39 ear phones housed i n MX-41/ AR cushi on was used for the
study. The provision of this audionmeter, of use, inthis study
were (1) frequency range from 125Hz to 8000Hz (2) hearing |eve
range from-10 to 110 dB HL (3) provision for simultaneous pre-
sentation of a pul sed tone through the channel and a conti nuous

tone through the other channel to the sane ear.
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The instrunment was calibrated periodically during the
study in accordance with the instuctions provided by the
manual . The output and linearity of both frequency and in-

tensity were calibrated.

Test Environnent: A two-room setting which was sound treated

roomwas the test environnment. The subject could not see
the control panel in the tester's room due to lighting which

also permtted the tester to observe the subject's responses.

I nstructions to the patients:

"You shall first hear a pul sed tone and a conti nuous tone in
the sane ear. You are required to respond only to the pul sed
tone. The continuous tone will then continue for 7 m nutes,

at the end of seven mnutes. You will hear the pul sed tone
again in the presence of the continuous tone. Respond to the
pul sed tone. Indicate through your left finger if you hear

in left ear and through your right finger if you hear in your

right ear".

Pr ocedur e:

15 subjects were divided into 3 Goups A, Band C The
criteria for grouping was the intensity of the stinulus frequency
G oup-A : was exposed to 40 dB HL
G oup-B : Was exposed to 60 dB HL
QG oup-C : Was exposed to 80 dB HL
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Each subject was tested at all the three frequencies; 500Hz,
1KHz, 2KHz with the stinulus frequencies being 1KHz, 2KHz and
4KHz respectively.

Subj ects belonging to G oups B and C were not tested the

sane day in both the ears to rule out the effect of cross-over.

The threshold for pul sed tone was obtained in the presence
of a continuous tone which was one octave hi gher in frequency.

This is threshold of "Condition-A".

The sane ear was adapted using 40/60/80 dB H.L conti nuous
t one depending on the group for 7 mnutes. At the end of 7
mnutes , threshold for pul sed tone was once agai n obt ai ned
w t hout w thdrawi ng the continuous tone. This is threshold of

"Condi ti on-B".

Sensitization was determned by subtracting the threshold

obtained in condition-B fromthreshold obtained in condition-A
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RESULTS AND D SOSS ON

The follow ng Tabl es shows the results of the study in
terns of the amount of sensitization in dB for the three
groups. The nmeans and standard devi ations of these three

groups have al so been indi cat ed.

G aphi cal representation of the inprovenent has al so

been shown.

The Tabl e-1 depicts the anounts of sensitization at 500Hz,
(stimulating frequency |000Hz) |000Hz (stimulating frequency
2000Hz) and 2000Hz (stimulating frequency 4000Hz) for both the
ears. Table-1 represents sensitization at the above nenti oned
frequencies with the stimulating intersity at a |l evel of 40 CB HL.
Tabl e-2 represents sensitization with the stinmulus intensity
at 60 dB HL and Tabl e-3 represents sensitization at the stimulus

at of 80 dB HL.

It is clear fromthe tables and graphs that there is sensi-
tization at frequencies bel owthe stinmulus frequency, when the

nean val ues are consi der ed.

There were, however subjects who showed no sensitization
(i.e. threshold of Condition-A Threshold of Condition-B=0)
or even adaptation (i.e. threshold of condition-A - threshold
of condition B>O) in this study. Their nunber, however was

statistatcallyinsignificant.
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There is inprovenent in threshold at all frequencies

(500Hz, 1KHz and 2KHz) and at all intensities (40, 60 and 80
dBHL) .

The nmagni tude of sensitization, however, does not

depend on the frequency or intensity of the stimlus.

"The W coxon nmat ched pairs signed ranks test" was used
to find out whether there is significant difference between
t he threshol ds obtai ned before and after adaptation. From
the data analysis, it is concluded that significant difference

does exist at the 0.05 |level of significance.

Sensitization studies have been reported by many investi -
gat ors Hughes (1954), Noffsinger and A sen (1970), Wasanurt hy
(1982), Cody and Johnstone (1982), Rajani kanth (1985).

However, none of the above studi es has nade use of the
net hodol ogy whi ch has been used here. Hence the results of

this study cannot be conpared with the results of other studies.

The present study shows that when an ear is adapted for
7 mnutes using continuous pure-tone, the ipsilateral ear

shows i nprovenent in thresholds of hearing or shows sensitization.

Sensitization is observed in both the right and |eft ear
as reflected in the nean threshol d i nprovenent found after

continuous auditory stimlation.
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However, adaptation was found for two subjects in

QG oup-A at 500Hz in the right ear

I n group-B, adaptation was observed in one subject at
500Hz in the right ear and at 1KHz and 2KHz in the left

ear.

In Goup-C, adaptation was observed in one subject at

2KHz in the left ear.

In the rest of the subjects, sensitization has been
observed at all the frequencies in both the left and right

ear.

It is commonly believed that with continuous auditory
stinmulation reduces the sensitivity of the auditory system
In this study, we have found that, continuous auditory stinu-
lation with a pure tone enhances the ear's sensitivity to
pure tones of frequency |ower than the stimlus frequency
t hus supporting. Hughes' (1954) study which al so found that
maxi mum sensi ti zation occurs at frequencies |ower than the
stimul us frequency.

The expl anation fpr t hi s phenonenon can be got while

in
view ng |oudness gain/the |ight of the revised nodel of adap-
tation (Wasanurthy, 1982). Wasanurthy proposes production
a," units during adaptation which arises fromMSOES. The

of

a, units are produced in the adapted ear.



36

The neural nodel of the efferent nechani smfor |oudness
gai n proposed by Wasanmurthy, 1982, views facilitatory process

interns of synaptic efficacy brought about, by the BSI OHCs.

Fex et al., (1982) attribute | oudness gain to "Encephalin”
whi ch is aneuroactive, substancerel easedby the efferent system
They al so hypot hesi ze that the ESICHCs nay participate in
recycling of released neuro-transmtters, this AAT (Aspertate

Am no transferase) activation.

Hence, the above expl anation has been offered for the

sensitization observed in the present study al so.

The nul | - hypot hesis fornmul ated at the begi nning of the
study wi Il be rejected or the results indicate that there is
a significant difference between the thresholds obtained in

the test ear in the condition-A and B

The results of the present study thus support the revised

nodel of adaptation.
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SUMVARY AND CONCLUSI ONS

The present study directed its attention towards "Sensi -

tization" at frequency |ower than the stimlus frequency.

15 subjects with normal hearing served as subjects.
They were divided into 3 groups. G oupA received t he adapt -
ing tone at 40 dB HL, G oup-B at 60 dB HL and G oup- C at
80 dB HL. Each group was adapted with | 000Hz, 2000Hz and 4000Hz
continuous tone for 7 mnutes. The thresholds were found out
for 500Hz, |000Hz and 2000Hz pul sed tone respectively in the

presence of the continuous tone both before and after adaptation

Both the right and left ears were tested for all subjects
and at all frequencies. The test procedure can be terned nonaur al

perstimul atory.

Sensitization was found out by subtracting the pul sed tone
threshold in the presence of continuous tone after 7 m nutes of
adaptation(Condition-B) fromthe pul sed tone threshol d obtai ned
in the presence of continuous tonebefore adapting the ear (Condi-
tion-A). The frequency of the pul sed tone was one octave | ower

than that of the continuous tone.

Results of the present study reveal that (1) sensitization
is observed at frequencies |ower than the stinulus frequency.
(2) The frequency of the adapting stimulus has no effect on the
magni t ude of sensitization.

(3) The level of the adapting stinulus al so, does not have any

effect on the nagnitude of sensitization.
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In his revised nodel of adaptation, Wasamurthy (1982)
attributes | oudness gain to the efferent systeminnervating

the outer hair cell.

A neural nodel of the efferent mechanismis al so proposed
by Wasanurt hy (1985a) i n which he explains the facilitatory
process in terns of synaptic efficacy brought about by the
ESI OCs.

Expl anation to sensitization has been offered by nany
ot her studies. According to Noffsinger a "presynaptic" electrica

or electrochemcal hyperexcitability.

Bodi an (1983) says "t he presence of efferent i nnervationof t he
vesti bul ar receptors suggests a general role for all |abyrinthine
efferent pat hways such as the enhancenent of sensitivity of the
various receptors". It is plausible that the sane hol ds good with

audi tory receptors al so.

Wasanurt hy (1985 b)i s of t heopi ni ont hat sensitizati onat frequencie
| oner than the stinmulus frequency nmay be brought about by the |ocus
of the active nmechani smshifting apically which happens when t he
auditory stimulus is presented continuously to the ear. The active
mechani smincreases the sensitivity of the inner hair cells for

| ower intensity sounds.



As has been suggested, the rel ease of encephaline |ike
substance by the ESICHC, contributes to the | oudness gai n.
It is reported that the MSCES may i ncrease the stiffness of
the stereo cilia of the CHCs to increase the nechanical input
tothe IHCs. Thus the sensitization may result fromthe
I ncreased nechani cal input to the | HCs whose characteristic

frequency is lower than the adapting frequency.

The results of the present study thus support the view
that auditory sensitization is a real phenonenon whi ch represents
an electrical or electrochemcal hyper excitability having its
origin at the central level. The results also support the

revi sed nodel of adaptation.
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