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CHAPTER-1

| NTRCDUCTI ON

Adaptation is a phenonenon which characterizes
all sensory systens. It is a shift in sone aspects of
t he intensive dinmension of subjective experience, often
in the threshold, brought about by previous stimulation
of a sense organ by the sane type of stimulus as used to

determ ne the threshold. (Small, 1963).

In vision, the adaptation effects are dark adapta-
tion and light adaptation i.e., the increase or decrease
in the threshold sensitivity occuring as a result of
continued stinulation of eye by light. For sone systens
t he sensation nmay di sappear conpletely. Gustatory and
ol fatory senses are exanples. In case of the sense of
audition, there is nmerely a reduction in apparent magni -

tude or an increased threshold. (Small, 1963).

Al'l our senses tend to becone |ess responsive to
stinmuli after a certain durations of stimnulation.
Adrian (1928) and his col |l eagues have studied the pheno-
menon in sensory nerves and in end organs. They used
the therm 'Adaptation' to describe the gradual setting

down of neural activity as the stimulus is continued.
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Not all shifts in threshold are in the direction
of decreased sensitivity. Under sonme conditions an

enhancenent of detectability may be observed (Ward, 1973).

Sensitization or facilitation may be defined as
the inprovenent in the threshold of hearing as a result

of continued auditory stinulation.

"Sensitization seens to be best produced by expo-
sure intensities between 70 and 100 db SPL and is nore
pronounced for exposure frequencies bel ow 1000 Hz than
above (Hughes, 1954). The maxi mum sensitization occurs
at the exposure frequency itself, but an effect can be
seen earlier for test frequencies bel ow the exposure
frequency than for those above it (Noffsinger and
O sen, 1970). There also appears to be greater sensi-
tization to a continuous test tone (Hughes, 1954) than
to an interrupted one(Noffsinger and Tillman, 1970).
Finally, sensitization is not restricted to the ear

exposed (Hughes, 1954)" (Ward, 1973).

Usi ng a new nethod (Wasanurthy, 1977) of neasuring
adaptation, data were collected on normal hearing adults.
The new nmet hod nakes use of the magnitute of the acoustic
reflex as a nmeasure of |oudness perceived. The obtai ned
data enabl ed the author to propose a revised nodel of

adapt ati on.
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I n essence, the revised nodel assunes that there

are three types of adapted neural units viz., stable (a)

and unstable (a; and a,) adapted neural units, a' units
may originate fromthe place of nmaxi mal stinmulation

of the Basilar nenbrane or they nmay originate fromthe
neural units of the characterstic frequency (frequency

of the adapting stinmulus). a; and a, units may origi-
nate fromthe actions of the efferent systeminnervating
the inner hair cells (ESIIHGS) and the efferent system

i nnervating the outer hair cells (ES CH3s) respectively,
‘a’ and 'a;' units decrease the | oudness of the post
adapted test tone, where as 'a," units increase the

| oudness of the post adapted test tonei.e., aand a,

units are responsible for |oudness |oss and a, units

are responsi ble for |oudness gain. The efferent action/s
ceases, the nonment, the post adapted test tone at an
intensity higher than the adapting intensity is presented

to the adapting ear.

The revi sed nodel of adaptation answers nost of
the controversies which are prevailing in the area of
auditory adaptation. It provides possible answers to
the follow ng; (1) asynptotic adaptation, (2) perstinu-
| atory adaptation and |evelling off of adaptation,

(3) the discrepancy observed by Wil er and A ass (1979)
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while verifying Small's nodel (1963) using nonaur al
het er ophoni ¢ technique and (4) the controversy whet her

adaptation is real or not.

LOUDNESS (AI'N

The assunption that the action of the ESICHGs is
to increase the | oudness of the post adapted test tone

I's supported by many studi es:

(1) Spoendlin (1975) reports that the efferents to the
outer hair cells (CHXs) synapse with the hair cells

and that the enornmous efferent nerve supply to the GHCs
would tally with a concept of a nore nonitoring role

of the COHC system

(2) Cody and Jhonstone (1982) have denonstrated t hat
the acoustically activated activity of the crossed

A ivo-Cochl ear bundle (QOB) may nodify the response
of the OHCs to acoustic trauna, i.e., the efferent
action counter acts the effect produced by the noi se.
Further, they have found that the sensitivity of the
audi tory neurones i ncreases due to the action of the
CCCB.

(3) CERKEN (1984) has denonstrated i n consci ous cats

that the evoked response anplitude for 3 KHz tone bursts
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(> 60db SPL) were greater in the presence of continuous
tone (3KHz at 70 db SPL). He has terned the facilitation
by sustai ned tone "enhancenent”. He has al so specul at ed
that the efferent action m ght be responsible for

"enhancenent ".

(4) FEX etal (1982) have concl uded that the efferent
termnals to the CHCs may participate in the recycling
of the released neuro-transmtter using aspartate amno
transferase (A A Tase). Interestingly, they have found
the AA Tase like immno reactivity in the Medical system

of efferents but not in the lateral system

(5 COM'S and WH TFI ELD (1968) report that the acetyl -
choline (neuro transmtter of ESICHCS) is an exicitatory

neurotransmtter.

(6) HOFFMANNETAL (1983) have detected enkephalin |ike
peptides (putative neuro-active substances) in the

efferent termnals of OHCs.

(7) PICKLES (1982) reports that the centrifugal fibres
to the cochlear nucleus are both excitatory and inhibi-

tory.

(8) STCOPP ETAL (1983) suggest that the efferent system
may i ncrease the dynamc range of the neurones" (Wasa-
nurt hy, 1985).
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The present study was ai ned at studyi ng sensi -
tization in the test ear when the contral ater-al ear
I s continuously exposed to a pure tone for 7 m nutes,
at 50 db HL (ANSI, 1969). Also, the study was desi-

gned to study the effect of frequency on 'Sensitization

HYPOTHESI S G- THE STUDY:

The present study was undertaken to verify the

follow ng null hypothesis:

There is no significant difference between the
thresholds obtained in the test ear in the conditions

A and B.

CONDI TION A°  Threshold for pulse tone obtained in
the test ear in the presence of a pure tone at 50 dB HL

(ANSI, 1969) in the contralateral ear (See fig. 1)

Figure 1:

5 |0 sec.,
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CONDI TION B:  Threshold for pulse tone obtained in
the test ear at the end of 7 mnutes when the contra-
| ater al ear is being continuously exposed beyond

7 mnutes to a pure tone at 50dB HL (ANSI, 1969).
(e fig. 2)

FI QURE 2

ConTRA -
*LATERAL

£AR _9

YesT

EAR m -

P&lse Tome

where f1 is 500 or 1000 or 2000 or 4000 Hz

BRI EF PLAN O THE STUDY:

32 subjects were divided into 4 groups viz., ABCD.
A, B, Cand D groups were tested using 500, 1000, 2000
and 4000 Hz tones respectively. The threshold for pul se
tone was obtained in the test ear in the presense of
continuous tone in the contralateral ear at 50 dB HL
(ANSI, 1969)
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Then the contral ateral ear was exposed to conti -

neous tone at 50 dB HL (ANSI, 1969) for 7 m nutes.

The threshold for pul sed tone was obtained in the

test ear at the end of 7 mnutes. (The continuous tone

was not withdrawn after 7 m nutes).

Sensitization was determned by subtracting the

threshol d obtai ned at the end of continuous stiml a-

tion for 7 mnutes fromthe threshol d obtained prior
to the continuous stimulation.

DEFI NI TIONS O THE TERVS USED

OONTRALATERAL EAR -- The ear in which the pure

tone at 50 dB HL (ANSI, 1969)
IS presented continuously for
7 mnutes and beyond.

TEST EAR -- The ear inwhich the threshol ds

for the pul se tone are obtained
before and after the contra-

| ateral ear is exposed continu-
ously to a pure tone.

NOTE: Pulse test tone frequency was same as the fre-

gquency of the continuous tone.



CHAPTER - 1I.

REV EW G- LI TERATURE

" Loudness adapt ati on neans a decrease in the | oud-
hess of a steady sound over tine, according to YOUNG
and SACHS (1973)it is "decrease in response magnitude "to

a "constant stinmulus level" (SCHARF, 1983).

The phenonena included under adaptation are distin-
gui shed in two different ways: conconitant or perstinmu—

| at ory adaptation and residual adaptation

Conconmitant or perstinulatory adaptation is a shift
the laterlization of a diotic tone followng a period of

nonoti c adaptation to a steady sound (WARD, 1973).

Resi dual adaptation is when the adaptation is neasured

after withdrawl of the stinul us.

Adapt ati on varies dependi ng upon the nethod used.

Di fferent nethods give different amounts of adaptation.

SDLB net hod devel oped by Hood gi ves nore adaptation conpared

to other nethods. The nonaural techniques which do not use

conparision stinmuli show negligible adaptation. To avoid

this confusion Ward has cl assified adaptati on based on

t he techni que used.
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LAWRENCE et. al., (1949) observed that 9 observers
with little training said 82%of the time that the |oudness
of an unchangi ng tone had decreased when it was 15dB above
threshold; they said 66%of the tinme that |oudness had
I ncreased when the tone was 70 dB above threshold. One
interpretation of these results is that the | oudness of

a tone at a noderate |evel may increase slightly.

M RABELLA et. al (1967) reported that 72 observers
showed 2 to 5 dB of adaptation for a 3500 Hz tone over a
10 mnutes period at 70 dB SPL and reverse adaptati on

(increased | oudness) at 90 dB, in the "Tracking nethod".

SCHARF (1983) reports the effect of frequency is snal
and statistically insignificant. But at 10 and 15 dB SL,
adaptation at 4 KHz does seemto exceed adaptation at the
| owner frequencies. AT 20 dB SL adaptation is snall at al
4 frequencies,and at 30 dB SL adaptation is negative at

all frequencies, neaning that observers reported a snall
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increase in |oudness over the 2 mnutes |istening period.
Thus, a clear effect of frequency on adaptation may be

neasur abl e nost easily in the nei ghbour-hood of 10 dB SL.

SCHARF (1983) concluded fromthe survey of literature
and fromthe new data offered, that, high frequency pure
t onesadapt nore than |ow frequency tones or than noi ses
(whet her broad-band or narrow band). A sound presented
al one adapts only if it is below 30 dB SL. Steady sounds
adapt nore than nodul ated sounds, and if the sound anpli -
tude is nodul ated sufficiently adaptati on may di sappear
altogether. No relation has been found between the degree
to which a person adapts and individual characteristics
such as threshold, age and sex, although there is sone
evi dence that children under 15 years adapt |ess than

adul ts.

By presenting a steady sound in one ear and an inter-
mttent sound in the other, | oudness adaptation can be
i nduced. The | oudness of the steady sound decreases
mar kedly over 2 or 3 minutes even at high levels where its
| oudness does not change when presented al ove. The role of
interaural interaction and of lateralization in this ada-
ptation is obscure, especially since the intermttent
sound may induce sone adaptation when in the sanme ear as

t he steady sound.
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Fol l owi ng auditory stimulation, the auditory system
can mani fest, increased sensitivity, decreased sensitivity,
oscillation between increased and decreased sensitivity

or no change in sensitivity (NOFFSINGER AND TI LLMAN, 1970).

Many studi es have shown that when the ear is exposed
to a continuous stinmulus the threshold sensitivity does not
al ways decrease under sonme conditions an enhancenent of

detectability may be observed.

VYASAMURTHY 1982, 1985 has proposed a revi sed nodel
of adaptation. The essence of therevisednodel is as

f ol | ows:

Usi ng a new net hod (VYASAMURTHY, 1977) of neasuring
adapt ati on, VYASAMURTHY col | ected data on nor nal
hearing adults. The new net hod makes use of the
magni t ude of the acoustic reflex as a neasure of

| oudness perceived. The obtained data enabl ed
VYASAMURTHY to propose a revised nodel of adaptation.

The revi sed nodel assunes that there are three

types of adapted neural units viz., stable

(a) and unstable (a; and a,) adapted neural units.

"a' units may originate fromthe place of naxi nal
stinmulation of the basilar nenbrane or they may origi-
nate fromthe neural units of characteristic frequency
(frequency of the adapting stimulus); a;, and a, units
may originate fromthe actions of the efferent system
innervating the inner hair cells (ESIIHCs) and the

ef ferent system innervating the outer hair cells
(ESIOHCs) respectively. '"a' and 'a;' units decrease
t he | oudness of the post adapted test tone, where

as ap units increase the |oudness of the post adapted
test tone i.e., 'a and a; units are responsible

for loudness loss and a, wunits are responsible
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for loudness gain. The efferent action/s ceases

the noment, the post adapted test tone at an inten-
sity higher than the adapting intensity is presented
to the adapting ear.

The revised nodel of adaptation,answers nost of

the controversies which are prevailing in the area

of auditory adaptation. It provides possible answers
tothe followng: (1) asynptotic adaptation, (2) per—
stinmul atory adaptation and levelling off of adaptation
(3) the discrepancy observed by WEILER and GLASS (1979)
while verifying SMALL's nodel (1963) wusing nonaural

het er ophoni ¢ techni que and (4) the controversy whet her
adaptation is real or not real.

LOUDNESS GRI N: The assunption that the action of the
ESIOHCs is to increase the |oudness of the post adapted
test tone, is supported by many studies. (1) SPCENDLIN (1975)
reports that the efferents to the outer hair cells (CHCS)
synapse with the hair cells and that the enornous "efferent
nerve supply to the OHCs would tally with a concept of a
nore nmonitoring role of the OHC system (2) CODY and
JOHNSTONE (1982) have denonstrated that the acoustically
activated activity of the crossed olivo cochl ear bundle
(COCB) may nodify the response of the OHCs to acoustic trauma
i.e., the efferent action counteracts the effect produced
by the noise. Further, they have found that the sensitivity
of the auditory neurous increases due to the action of
the COCB. (3) GERKEN (1984) has denonstrated in conscious
cats that the evoked response anplitude for 3 KHz tone
bursts ( > 60 dB SPL) were greater in the presence of

conti nuous tone (3KHz at 70 dB SPL). He has terned the
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facilitation by sustained tone "enhancement”. He has

al so speculated that the efferent action m ght he res-
ponsi ble for the "enhancenent". (4) FEX et.al., (1982)
have concluded that the efferent termnals to the OHCs
may participate in the recycling of the rel eased neuro-
transmtter using aspartate amno transferase (A A Tase)
like imuno reactivity in the nmedical systemof efferents
but not in the lateral system (5 COM S and WHI TFI ELD
(1968) report that the acetylcholine (neurotransmtter of
ESIOHCs) is an excitatory neurotransmtter (6) HOFFMANN
et.al., (1983) have detected enkephalin |Iike peptides
(putative neuro—active substances) in the efferent termnals
of OHCs. (7) PICKLES (1982) reports that the centrifugal
fibres to the cochl ear nucleus are both excitatory and
inhibitory. (8 STOPP et.al., (1983) suggest that the
efferent system may increase the dynam c range of the

neur ons.

LOUDNESS LGSS:

The assunption that the ESIITHCs (and 'a' units) is
responsi bl e for decreasing the |oudness of the post adapted
test tone, is supported by many studies: (1) SPOENDLIN
(1975) has established that the efferents to the inner
hair cells (IHCs) synape with the afferent dendrites.

(2) SOHVER (1966) reports that the electrical stinulation

of uncrossed olivo—ochl ear bundle (UOCCB) reduces the N
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potential of the cochlea; . (3) It has been established
that nor -adrenaline is an inhibitory neurotransmtter
of the efferent auditory system which produces inhibition

(PI CKLES, 1982).

EVI DENCE FOR THRESHOLD | MPROVEMENT:

Under certain conditions, for exanple, noderate expose
intensity (60 - 100 dB SPL), |ow exposure frequency (500 Hz),
the initial portion of the recovery function exhibits the

audi tory sensitization.

HUGHES (1954) called this increased responsiveness
asinmul ate sensitization. He used this termto describe
pure tone threshold sensitivity that was better than it
had been before another pure tone stinulated the ear and
t hat appeared as the first notable deviation fromthe

pre- exposure threshol d.

HUGHES is reported to have denonstrated this pheno-
menon by enpl oying | ow frequency stinulating tones
at noderately intense levels (80 - 100 dB SPL) for one
m nute. He found that imedi ate sensitization appeared
only when the frequency of the test tone was |ower than

that of the "exposure tone. The tine course for these
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events featured on imediate threshold sensitization that
grew to maxi mum si ze at about 30 sec. post exposure and

t hen gradual |y di sappeared by one m nute.

In sensitization, greater sensitivity was observed
as neasured by neans of absolute threshold from 1-2 m nutes
after exposure to the fatiguing stinmulus than it did prior
to any stimulation, (HRSHand WARD 19527 HUGHES, 1954).
Thi s phenonmenon has al so been confirnmed neurophysi ol ogi -

cally.

There have al so been sone studies which indicate
an enhanced sensitivity of the audiotory system foll ow ng
exposure to low intensity stimuli (5 —20 dB SL) short
duration (5 msec. - 10 sec) short recovery tinme (5 m sec.
- 1.0 sec.) (ZWSLOCKI, PIRRODA and RUBIN 1959, RUBIN 1960).
Thi s phenonmenon was termed 'facilitation' by RUBIN to distin-
guish it fromsensitization as descri bedby HUGHES (1954) whi ch
is elicited by relatively Iong exposure duration and nore

i ntense stimul ati on.

Threshold for a tone can be affected in three major

ways by exposing the ear to another tone.

1. i sol ated sensitization

2. nultiphasic behaviour (sensitization and
desensitization - the bounce effect).

3. i sol at ed desencitizati on.
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These changes seem dependent on at |east the foll ow
I ng vari abl es.

1.

2.
3.
4.

The frequency of and the frequency rel ationship
bet ween the test and exposing stinuli.

the intensity of the exposure stimulus
the duration of the exposure stinulus and

the condition applying during the exposure
peri od exanpl e: whet her the subject was required
to track threshold during the exposure tone (Tr)
or not (DNTr).

To study these, NOFFSI NGER and OLSEN (1970) exam ned

the threshold sensitivity for train of 250 msec. test

pul ses (250, 1000, 4000 Hz) follow ng exposure tones of

the sane frequency, half the frequency and twice the fre-

quency as well as 2 additional tones, one of whose fre-

guency was consi derably hi gher and one consi derably | ower

than that of the test tone. Each exposure tone was pre

sented at four intensity | evels nanely 20, 60, 85 and

105 dB.

Bot h DNTr and Tr procedures were enpl oyed.

The results of the experinment showed follow ng facts:

Isolated auditory sensitization is a real pheno-
menon, it can be denonstrated for both high and

| ow frequency tones. Duration of such sensiti-
tization ranged from20 to 100 sec. sensitisation
that occurs later in the post-exposure tine course
usually followng RI was al so denonstrated in
sone experinmental conditions. |t usually attains
maxi num nmagni tude at about 1 m nute post-exposure
has a duration of 16-30 seconds and generally is
of snal |l er magni tude than nore i mredi ate sensi -
tization.
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2. If an ear is stimulated by a pure tone whose
strength is gradually increased, the first no-
ti ceabl e post-stinulation change in threshold
for another pure tone in sone instances is sensi—
tization. Such sensitization will increase in
magni t ude and/ or duration to a critical point
and then decline with further increase in expo-
sure tone strength. Foll ow ng even stronger
stinul ation, desensitization will becone appa-
rent in the post exposure thresholds, first as
an initial threshold shift that rapidly declines
(R1) and may yield to sensitized threshold then
as a nultiphasic process containing R-1, a bounce
and a second period of desensitization (R 2)
and finally as a long lasting period of desensi—
tization that is nost aptly described as R-2
above.

3. The sequence of post-exposure events descri bed
above is initiated at | ower exposure |levels follow
ing tones whose frequency is |lower or equal to
that of the tilt tone than follow ng those with
hi gher frequencies. Gven this distinction
decreasing the frequency differential between
the test and exposure tones has an effect simlar
to that produced by increasing the exposure tone
intensity.

4. Continued threshold tracking of the test tone
during the exposure tone period usually produces

nor e post—exposure desensitization than is pro-
duced when the exposure tone is presented above.

Sensitization and desensitization reflect the state
of at least partially separate physiol ogi cal nmechani smthat
are affected in different ways and for different periods
of tine by prolonged stinulation. One reasonable hypothesis
is that sensitization mrrors a pre-synaptic electrical or
el ectro - chem cal hyper excitability i.e., hyper-pola-
rization and desensitization reflects a reduced post synaptic

receptive capacity.
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EVI DENCE FOR LOUDNESS GAI N

From HUGHES report (1954) it is known that a
greater anount of transitory sensitization occured at
500 Hz than at hi gher frequencies (1000 Hz). HUGHES
suggested that,the reason may be the higher frequencies
were nore effective in producing a positive tenporary
threshold shift and that this may have been interacting
wth the sensitization so as to produce an apparent
| essening of the anpbunt of sensitization. At 1000 Hz
of the ispilateral ear showed the typical transitory
sensitization recovery function with secondaryrise above

the reference threshold | evel.

THOVAS J MOORE (1970) reported two different types

of sensitization.

1. A sustained type that was elicited follow ng
exposure to low intensity stinulation and which may be
related to the density of functional receptor elenents

in the region stinulated.

2. Atransitory type that required exposure to
noderately intense stimnmulation and which apparently

occured only when two regions of differing sensitivity
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were stinulated sinultaneously. |In the auditory system
sustai ned sensitization appeared in both the ipsilateral
and contral ateral ears, transitory sensitization occured

only in the ipsilateral ear.

In experinmets involving an increase of the intensity
of the exposure tone on successive runs, an effect can be
seen, earlier for test frequencies bel ow the exposure fre-
guencies than for those above it. NOFFSINGER and TI LLMAN
(1970) stinul ated human ears by three m nutes 65-90 dB SPL
conti nuous tones and post exposure thresholds for tones
of |esser frequency were examned. In nost cases such
procedures all owed denonstration of auditory sensitization
that was not preceded or succeeded by desensitization was
noted at 200 Hz follow ng certain 500 Hz exposure tones

and at 2000 Hz followi ng certain 3000 Hz exposure tones.

There appears to greater sensitization to a conti-
nuous test tone (HUGHES 1954) than to an interrupted one
(NOFFSI NGER & TI LLMAN 1970) .

Sensitization is not restricted to the ear exposed.
HUGHES (1954) using a special apparatus to produce an inter-
aural attenuation of 85 dB found nearly as nuch sensitization
at 500 Hz after stinulation by a 500 Hz at 85 dB SPL tone in the

contralateral ear as after ipsilateral stimnulation.
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NCOFFSI NGER and Tl LLMAN (1970) have al so denonstrat ed
this.

GUMLI CH (1971) had 30 observers press a button the
| ength of tine necessary for the perceived duration of the
button press to match the | oudness of 1/3 octave band of
noi se. Results suggested a |arge increase in |oudness
over the set mnute, as conpared to a 2 - sec. noi se,
followed by the equivalent of a 12 dB drop during the
next 55 m nutes, since even after 60 mn., the continuous
noi se was judged | ouder than a brief, 2 sec., noise
of the sane |level. GUM.I CH did not denonstrate |oudness

adapt at i on.

The effect of |evel on neurophysiol ogical responses
in the cochlear nucleus is seen in a report by ten
KATE et.al ., (1977). For both kind of stimlus steady
100 sec., tone white noise, the decline in the firing
rate as a function of duration increased with stinmulus
| evel whereas the initial spike rate increased with |evel,
the firing rate after 100 sec., was faster to a | owl evel
tone than to a tone 80 dB nore intense. These findings
are just the reverse of the psychophysical data from humans
who show a decrease in adaptation with increasing |Ievel
until, by 30 dB SL, sinple |oudness adaptation is hardly

neasur abl e.
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AN ACTI VE MECHANI SM

O recent, many investigators (KEMP, 1978, 1979;
ZW SLOCKI, 1980, ZUREK, 1981; ZW SLOCKI and KLESSKY, 1982;
NEELY and KIM 1983; DAVIS, 1983) have suggested that there
is an active mechanismin the cochlea. SIEGAL and KI M (1982)
state that the active nmechanismis controlld by the
central nervous systemthrough the activity of the efferent
synapses on the OHCs. Many investigators are of the opinion
that the active nmechanismis responsible for the greater
sensitivity and sharp tuning expressed by the 'tips' of

the neural tunning curves.

CRANE (1983) suggests that the hyperactivity of
the active nechani smnmap be responsible for the spontaneous
acoustic em ssions. Wile discussing the functions of
the efferent auditory system's, CRANE (1983) comments
"OHC afferents are part of the servo control system (for
i nstance, reporting back the state of OHC responses to
efferent excitation) the speed of a servo-systemcan gene-
rally be increased if position information is avail able
from the nmechani smunder control - another possibility
is that OHC afferents reflect a crude estimte of the
acoustic level at the OHCs and that they rather than the

| HC afferents are the sources of efferent excitation.
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ELECTRI CAL STI MJLATI ON OF COCB:

Al t hough many studies, as nentioned earlier show
that the ESIOHCs is responsible for |oudness gain, W DER-
HOLD and KI ANGL (1970) have reported that the electrical
stimulation of C OC B results in the desensitization
of the "tips' of the tuning curves. Further, PICKLES (1982)
has concluded that the electrical stinulation of C OC B
reduces the response of the auditory nerve fibres to
sound. VYASAMJURTHY (1985) points out that this contro-
versial issue can be easily resolved if we recall the
Qobservations of BODI AN (1983); SIEGAL AND KIM (1982); and
MOUNTAI N(1980) "It nmust be kept in mnd that evidences
for inhibitory role of the efferent innervation of the
cochl ea pertains to IHC system = === = function of
ESIOHCs is yet to be known, presence of efferent innervation
of the vestibul ar receptors suggests a general role for
all labyrinthine efferent pathways such as the enhancenent

of sensitivity of the various receptors” (BOD AN, 1983).

"Electrical stinulation of COCB increased the
danpi ng of the cochlear partition” (SIEGAL and KIM 1982)
MOUNTAI N( 1980) .

Further, VYASAMURTHY (1981) wites "It may not be a
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correct assunption that the electrical stinulation

of COCB and the acoustic stinulation of COCB produce
simlar effects. W should have CRANES (1983) view

of OHC afferents and OHC efferents acting as a servo -
system in mnd, when COCB is electrically stimulated.
Naturally we can expect the servo - systemto be disturbed
when COCB is electrically stinulated. |ndeed, the danping
of the basilar nmenbrane increases (or negative danping
decreases). This increase in the danping of the basilar
menbrane (i.e., when COCB is electrically stinulated)

m ght be responsible for the desensitization of the 'tips
of the tuning curves and also for the deceease in N

response.

The acoustic stimulation of COCB may be expected
to result in the increase of the sensitivity of OHC
afferents throughtherecycling of the rel eased neuro-

transmtter as suggested by FEX et.al ., (1982)".

VYASAMURTHY (1985) has proposed a nodel for the
ef ferent nechani snms by putting all the above pieces of
information, the followi ng neural nodels (Fig. 2.1 & 2.2)
of the efferent nechani sm during auditory adaptation have

been proposed.

The nodel (fig.2.1) suggests that the efferent

system passi ng through the nedi al superior olive (Ms0)
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is responsible for the | oudness gain (recycling of the
rel eased neurotransmtter) and the nodel (fig.2. 2) suggests
that the efferent system passing through the |atera
superior olive (LSOis responsible for |oudness |oss

(a units are also responsible for |oudness | o0ss). The
ef ferent system passing through LSO may be expected to
rel ease nor-adrenaline to inhibit the responses of the
neurons innervating the HCs as the efferent to the

| HCs synapse with the afferent dendrites of | HCS.

(Note: In 2.1 dotted Iine nmeans not inportant for

| oudness gain; cochlear anplifier (CA refers to active

mechani sm - see DAVIS, 1983).



CHAPTER- 1II

METHODALGGY

The present study was ained at studying sensiti—
tization in the test ear when the contral ateral ear
I s continuously exposed to a puretone for 7 m nutes
at 50 dBHL (ANSI, 1969).

A so the study was designed to study the effect

of frequency on 'Sensitization'.

SUBJECTS:

32 adult normal hearing subjects within the age
range of 17 yrs to 23 yrs were selected. The criteria
for the selection of subjects was that they shoul d have

hearing threshold within 10 & 20 dB.
| NSTRUVENTATI O\
A dual channel clinical Audioneter, Beltone 200 C
wi th TDH 49 ear phones, enclosed in MX 41/ AR ear cushi ons

was used for testing.

Fig. 3.1 test illustrates the operational avail a-

bilities in Beltone 200 C
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Thi s audi oneter provides for testing frequencies
from 125 Hz to 8000 Hz. The hearing | evel ranges from
0O dBto 110 dB. Pul se. pure tone may be presented by
sel ecting the automatic position. The tone is presented

at therate of 0.3 sec "on" &0.3 Sec "off". Pulse tone and
conti nuous tone were presented through the earphones

with the followng setting —

FRONT PANEL | NDI CATORS - CONTRCL KNOBS OF BELTONE 200 C.

(AA) out put (Hearing |evel control)
(BB) tone interruptor

(GO Tone 'on' lanp

(DD Automatic (manual sw tch)

(EB) Tone reversing switch

(FF) Qut put sel ector

(&5 Moni t or control

Frequency

Patient signal |anp

Tal k back gain

Tal k over switch

Tal k over gain

Tone bar | ock

Vu neter selector swtch
Frequency i nput

Moni t or ear phone

Power

Speech Uni t

SIS

Vu net er

Channel one Vu neter gain contro
Channel two Vu neter gain control

§xc4mxotozzrx—10ﬂm00m>

The out put selector of both the channels to the

2 earphones to both the ears.
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CAL| BRATI ON PRCCEDURE USED:

The dual | channel clinical audioneter (Beltone
200 c¢) was clained by the manufacturer to be calibrated
to the ANSI (1969) standards. However, to ensure accu-
racy in calibration, the audioneter was cali brated
periodically during the study according to the guide-
li nes given by WLBER (1978).

Fig. 3.2 illustrates the set up for cabiration.

The audi oneter Beltone 200 ¢ was tuned 'ON and
was allowed to warmup. The sound |evel neter (B&K 2203)
was set as follows. The neter switch was turned to
‘external filter' and to 'slow . The signal ear phone
(TDHA49 with MX 41/ AR ear cushions) of the audio-
neter was renoved fromthe head band and was pl aced
over the coupler of the artificial ear (B & K 4152).
The ear phone was held in place by neans of a tension
of the artificial ear and was adjusted to 0.5 kg of
pressure. After initial placenent of the earphone on
the coupler, a low frequency tone (250 Hz) was intro-
duced and the ear phone was readjusted until the sound
| evel neter needl e read the highest intensity. This

Is said to ensure best placenent according to WLBER (1978).
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The frequency sel ector of the audi oneter was set to 1000 Hz.
The octave filter (B & K 1630) of the sound |evel

matter was set to 1000 Hz. The audi oneter was set to

ri ght ear phone (selector switch) and the tone was

continuously 'on'. The hearing level dial was set to

60 dB for the frequency chosen. The reading on the

sound level neter was noted. Simlarly other frequencies
(250 Hz, 500 Hz, 2000 Hz and 4000 Hz) were checked.

The audi oneter output intensity was w thin permssible

limts.

To check the linearity of the attenuator of the
audi oneter, a simlar set up was used. The range
finder was set to 120 dB. The hearing | evel dial was
set at maxi mumand out put of the sound |evel neter
was noted. The hearing level dial was dropped in 5 dB
steps and the reading on the sound | evel neter was noted
for each 5 dB drop. The reading on the sound | evel

nmeter that the audioneter linearity was satisfactory.

ENVI RONMVENT

The audi onetric tests were perforned in a sound

treated two roomsituation. The control panel of the

audi oneter was not visible to the subject. Theanbient
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noi se levels in these roons were within the nmaxi -

mum per m ssi bl e noi se | evel s.

| NSTRUCTI ONS:

The subj ect was instructed

"you are going to hear a continuous tone in one
ear and pulse tone in the other ear. You should
respond only to the pul se tone. The continuous
tone will continue for nore,than 7 mnutes. At
the end of the 7 mnutes, | will ask you to res-
pond, then, again you should respond only to
the pul se tone".

PROCEDURE:

32 subjects were divided into 4 groups viz., ABCD
A, B, Cand D groups were tested using 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz tones respectively.

The threshold for pul se tone was obtained in the
test ear in the presence of continuous tone in the con-
tralateral ear at 50 dB HL (ANSI, 1969)

Then the contral ateral ear was exposed to conti -

nuous tone at 50 dB HL (ANSI, 1969) for 7 m nutes.

The threshold for pulse tone was obtained in
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the test ear at the end of 7 mnutes, while the conti -

nuous tone conti nued even after 7 m nutes.

Sensitization was determned by subtracting the
t hreshol d obtai ned at the end of continuous stinulation
for 7 mnutes fromthe threshold obtained prior to the

conti nuous stimul ati on.

In other words the sensitization was determ ned
by subtracting the thresholds obtained in the condition B

fromthresholds obtained in the condition A



CHAPTER | V
RESULTS AND O SAUSS ON
Tables 1, 2, 3 and 4 reveal the sensitization
val ues at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz respe-

ctively. Mans and Standard deviations are also pre-

sented in the tables

TABLE: 1 Sensitization at 500 Hz

THRESHOLD CBTAINED  THRESHOLD CBTAI NED

GROP A IN CONDI T1 ON A INCOD TION, B
1 15 dB 10 dB
2 20 dB 15 dB
3 20 dB 15 dB
4 15 dB 10 dB
5 15 dB 10 dB
6 10 dB 5 dB
7 15 dB 10 dB
8 15 dB 10 dB
MEAN: 15. 625 MEAN  10. 62

S. D 2. 9973 S. D 2.9973
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TABLE: 2

SENSI TI ZATICN AT 1000 Hz.

cars RGO TN "N D TN B
1 15 dB 10 dB
2 15 dB 10 dB
3 20 dB 15 dB
4 10 dB 5 dB
5 15 dB 10 dB
6 15 dB 10 dB
7 15 dB 10 dB
8 10 dB 5 dB
VEAN: 14. 37 MEAN.  9.37

SD: 2.99 SD: 2.99
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TABLE: 3.

SENSI Tl ZATI ON AT 2000 Hz

1 15 dB 10 dB
2 15 dB 10 dB
3 10 dB 5 dB
4 10 dB 5 dB
5 10 dB 5 dB
6 10 dB 5 dB
7 10 dB 5 dB
8 15 dB 10 dB
MVEAN: 11. 87 MEAN 6. 87

S D: 2.42 SD: 2.42




SENSI TI ZATI ON AT 4000 Hz

4.4

TABLE: 4

GRAUP D

THRESHOLD CBTAI NED

THRESHOLD CBTAI NED

I N CONDI TI ON A IN CONDI TION B

1 10 dB 5 dB
2 10 dB 5 dB
3 15 dB 10 dB
4 15 dB 10 dB
5 10 dB 5 dB
6 10 dB 5 dB
7 15 dB 10 dB
8 10 dB 5 dB

VEAN 11. 87 Mean: 6. 87

SD. 2.42 SD. 2.42

The above results are shown in the graph.
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Fromthetablesit i sobiviousthat thethreshol ds
in the test ear obtained after continuous stinulation
in the non test ear (i.e., contralateral ear) show
sensitization i.e., the thresholds of the test ear
after continuous stimulation in the non test ear becone

better.

The inprovenent in threshold at all these frequen-
cies (500 Hz, 1000 Hz, 2000 Hz and 4000 Hz) is 5 dB.

Fromthe results of the present study it is clear
t hat the magnitude of sensitization is same at all fre-
quencies tested i.e., the frequencies of the test stinmulus

have no effect on sensitization.

W LCOXON nat ched pai rs signed ranks test was used
to find out whether there is significant difference be-
tween the threshold obtained in condition A and condi -
tion B. The analysis of the data for significance of
di fference shows that the thresholds obtained in condition
A and Condition B significantly differ at all the fre-

guenci es tested.

The investigation has been reported by nmany
I nvestigators — HUGHES, 1954; NCFFSI NGER and OLSEN, 1970;
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CGERKEN, 1984; VYASAMURTHY, 1982; STCPP, 1983; FEX et al,
1982; MOORE 1968; CODY & JOANSTONE, 1982; KEMP, 1978;
MOUNTAIN D. C., 1980; SEIGAL and KIM 1982.

The survey of literature shows there is no study
whi ch has nade use of the nethodol ogy adopted in the
present study. Hence it may not be correct to conpare
t he magni tude of sensitization obtained in the present
study with the nagnitude of sensitization reported by

ot her investigators.

D SAUSSI O\

The present study shows that when one ear is ada-
pted for 7 mnutes or nore using continuous pure tone
stimulus the contral ateral ear shows inprovenent in
threshol d of hearing or shows sensitization. This
sensitization in the ear opposite to the adapted ear
has been observed at all the frequencies tested (500 Hz,
1000 Hz, 2000 Hz and 4000 Hz) .

As per the revised nodel of adaptation (VYASA
MURTHY, 1982) |oudness gain is expected in the ear oppo-

site to the adapted ear due to efferent action i.e.,

in his study he reports that 'a," units will be produced

in the ear opposite to the adapted ear, and he assumnes
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that this may be responsible for greater adaptation
observed in the SDLB techni que, when adaptive stinmul us
of 60 dB is used, when adaptive stinulus of 80dB is
used (in SDLB technique) he propsed there will be |oud-
ness gain and | oudness |l oss in the ear opposite to the

adapt ed ear.
The conbi ned action of the efferent systemin the
conparision ear is expected when 80 dB adaptive stimul us

I's used in SDLB techni que.

He proposes that:

L Lgo - - L Lao = L Lgo*
Wher e L Lgg - Loudness loss at 80 dB in the
adapting ear.
L Lep = Loudness loss at 60 dB in the

adapting ear.

L Lg* = Loudness loss at 80 dB in the
conparision ear.

According to above equation the increase in the
adaptation which results in the adapting ear by increasing
the intensity of the adapting stinmulus from®60 dB to 80 dB
Is equal to the |oudness | oss produced in the conpari sion

ear through efferent action. The 'levelling off' of
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adapt ati on observed in SDLB techni que has been expl ai ned

interns of 'Eclipse phenonenon' (VYASAMURTHY, 1982).

Ecl i pse phenonenon is the one in which the increase
I n the anmount of adaptation which should result in the
adapting ear due to the increase in the intensity of
the adapting stimulus is eclipsed by the conbi ned action
of the two efferent (ESIHC & ESIGHCS) systens in the

conpari sion ear.

Thus the revised nodel is based as the assunption
the efferent systeminnervating the outer hair cells
(or MBO systen) is responsible for |oudness gain in the

ear opposite to the adapted ear.

The neural nodel of the efferent nechani smfor

| oudness gai n has al so been proposed (VYASAMURTHY, 1982).

The results of the present study clearly show
that the ear opposite to the adapted ear exhibits sensi—
tization. In none of the subjects tested the threshold
In the ear opposite to the adapted ear di dnot becone

worse in condition B.
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The fact that the ear opposite to the adapted
ear exhibits sensitization is an evidence that sone
facilitatory process nmay be operating in the ear oppo-
site to the adapted ear. This facilitatory process
may be viewed interns of synaptic efficacy brought
about by the efferent systeminnervating the outer

hair cells (MS Osystem.

FEX et al (1982) have suggested the efferent
systeminnervating the outer hair cells may partici-
pate in recycling of the released neuro transmtter

t hrough AAT (Asparatate Am no Transferase) activation.

Additionally the rel ease of eukephalin |ike
pepti des (putative heuroactive substances) in the
efferent termnals of CHCs nmay al so contribute to the

sensitizati on observed in the present study

The results of the present study thus support
t he revi sed nodel of adaptation (VYASAMURTHY, 1982).



CHAPTER - V.

SUMARY AND GONCLUS N

The aimof the present study was to collect data
on 'sensitization' in the test ear when the contral ateral
ear is continuously exposed to a puretone for 7 m nutes

at 50 dB HL (ANSI, 1969).

32 subjects who had hearing threshol ds between
10 and 20 dB were divided into 4 groups viz., AL B, C
and D. Each group was tested using 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz tones respectively. The thresholds
of the test ear for the pul se tone were obtained before
and after exposing the contralateral ear to a conti-
nuous stinuls. The results showed an inprovenent of

5 dBin thresholds at all the above frequencies.

The results of the present study show that the ear
opposite to the adapted ear exhibits sensitization. This
I's an evidence that sonme facilitatory process nmay be
operating in theear opposite to the adapted ear. This
facilitatory process may be viewed interns of synaptic
ef fi cacy brought about by the efferent systeminnervating

the outer hair cells.

The results of the present study nay have sone

I npl i cations:
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"Sensitization' observed in the ear contral atera
to the adapted ear, may be related to a facilitation
process - this facilitation process, as nentioned earlier,
maybe viewed internms of synaptic efficacy brought about

by the ESI OHCs.

In the revised nodel of adaptation, it is assuned

that when the ear is adapted for nore than 7 mnutes

a, units (responsible for |oudness gain) would be
produced. These units are assunmed to be responsible

for greater adaptation observed in SDLB techni que. Many
studi es have denonetrated that adaptation obtained in
SDLB technique is nore than the adaptati on obtained

i n nonaural techniques for identical stimulus intensi-
ties. The results obtained in the present study reveals
t hat when the ear is adapted continuously for 7 mnutes

or more, a facilitatory process nmay be initiated in

the ear 'contralateral to the adapted ear may be |inked

to "a," units assunmed in the revised nodel of adaptation
The foregoing facts support the assunption that greater
adapt ati on observed in SDLB technique may be due to

"l oudness gain" in the conparision ear.

The present study also reveals that 'loudness gain'
can be possibly studied through threshold nmeasurenents.

However, further studies are required to find out whether
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"sensitization" and "l oudness gain" involve the sane

mechani sns.

RECOMMENDATI ONS:

1. Magnitude of sensitization nmay be determ ned
at different levels of intensities.
2. Magnitude of sensitization may be studied

using different test and adapting frequencies.
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