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| NTRCDUCTT ON

Al our senses tend to becone |ess responsive to stiml

after a certain duration of stimulation.

Adapt ati on i s a phenonenon which characterizes all sensory
systens. Its operational definition has custonmarily been in
terns of a shift in some aspects of the intensive dinension of
subj ective experience, often in the threshol d, brought about
by previous stinmulation of a sense organ by the same type of

stimulus to determne the threshold. (Small, 1963).

"Auditory adaptation in its nost general sense could be
taken to refer to any change in the functional state of the

audi tory system brought about by an acoustic stinulus”.

"Such a change in the auditory systems functional state
mani fest itself in avariety of ways. Indeed, it is possible
to cite atleast five psycho-physical neasures which undergo
nodi fication as a consequence of acoustic stimulation of suffi-
cient magnitude. A ong intensive di mension, the absolute thresh-
ol d of hearing, the masked threshold, and at suprathreshol d
| evel s, the | oudness of a sound, have all been shown to change.
In addition shift in the pitch of an acoustic stimulus occur
and, in the case of dichotically presented stimulus, a change in
the apparent location results fromprior presentation of an

appropriate acoustic stimulus.” (Small, 1963).
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So, as noted above "Not all shifts in threshold are in the
direction of decreased sensitivity. Under sone conditions an
enhancenent of detectability may be observed (Ward, 1973).
Hughes (1954) called thisincreasedresponsiveness as "imedi ate

sensitization."

Sensitization or facilitation may be defined as the inprove-
ment in the threshold of hearing as a result of continued auditory

stinul ati on.

Various investigators have studi ed the phenonenon of sensi -
tization in the past (Hughes, 1954; Hirsh and Bil ger, 1955;
Kopra, 1954; Lightfoot, 1955; Jerger, 1955, 1956; Spieth and
Trittipol, 1958; Ward, dorig and Sklar, 1958, 1959; Moore, 1968
Comis and Whitfield, 1968; Noffsinger and Tillman, 1970
Nof f si nger and O sen, 1970; Spoendlin, 1975; Cody and Johnstone,
1982; Fex, et al, 1982; Vyasanurthy, 1977; Pickles, 1982;
Hof f manne et al, 1983; Stopp et al., 1983; and CGerken, 1984, etc).

Moore (1970) reported two different types of sensitization
by name "sustained sensitization"” follow ng exposure to | ow
intensity stimulation and which may be related to the density
of functional receptor elenents in the region stinmulated and a
transitory type that required exposure to noderately intense
stimulation and which apparently occured only when two regions
of differing sensitivity were stinulated sinultaneously in the
auditory system sustained sensitization appeared in both the
ipsilateral and contral ateral ears, transitory sensitization

occured only in ipsilateral ear.
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Usi ng a new net hod (Wasanurthy, 1977) of neasuring adapt a-
tion, data were collected on normal hearing adults. The new
net hod makes use of the magnitude of the acoustic reflex as a
neasure of |oudness perceived. The obtained data enabl ed

Wasamurthy to propose a revised nodel of adaptation.

The revi sed nodel of adaptation answers nost of the contro-
versies prevailing in the area of auditory adaptation. It pro-
vi des possi ble answers to the following: (i) Asynptotic adapta-
tion; (ii) Perstimulatory adaptation and | evelling off of adap-
tation; (iii) The discrepancy observed by Wil er and A ass(1979)
while verifying Small's nodel (1963) using Monaural Heterophonic
techni que and (iv) The controversy whet her adaptation is real or

not .

Wasanurthy (1985) cites the follow ng studies in support
of |oudness gain: The assunption that the action of the ESI CHCs
Is to increase the | oudness of the post-adapted test-tone is
supported by many studies - Spoendlin, 1975; Cody and Johnst one,
1982; CGerken, 1984; Fex, et al, 1982; Coms and Whitfield, 1968;
Hof f ranne, et al, 1983; and Stopp, et al, 1983.

The present study was ainmed at studying sensitization in the
test ear, when the sane ear is continuously exposed to a puretone
for 7 mnutes, at three levels viz. 20 dB SL, 40 dB SL and 60 dB SL.
The study was al so designed to study the effect of frequency on

sensi tization.
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Hypot hesi s of the study:

The present study was undertaken to verify the foll ow ng

nul I hypot hesi s:

"There is no significant difference between the threshol ds

obtained in the test ear in the Conditions A and B".

Condi tion -A Threshold for pul sed tone obtained in the
test ear in the presence of a pure tone at 20 dB SL/40 dB SL/
60 dB SL ipsilaterally (See Figure-1).

Condi tion-B: Threshold for pul sed tone obtained in the test
ear at the end of 7 mnutes when the sane ear is being continu-
ously exposed beyond 7 mnutes to a pure tone at 20 dB SL/40 dB SL/
60 dB SL (See Figure-1I).

Wiere F; was 500 Hz, | 000Hz, 2000Hz and 4000Hz i n each
subject and X dB SL = 20 dB for group A, 40 dB for group B and
60 dB for group C

Brief Plan of the study:

15 subjects were divided into 3 groups viz. A B, and C of
5 subj ects each.
QG oup-A was tested at 20 dB SL.
QG oup-B was tested at 40 dB SL.
Group-C was tested at 60 dB SL.



05

Each group was tested at all the four frequencies viz. 500 Hz,

1000 Hz, 2000 Hz and 4000 Hz.

The threshol dfor pul sed tone was obtained in the test ear
In the presence of continuous tone in the sane ear at specified
sensation - levels for each group viz, 20 dB SL for G oup-A,

40 dB SL for G oup-B and 60 dB SL for G oup-C

Then the test ear was exposed to continuous tone at the same

sensation |level (20/40/60 dB SL) 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 w thdrawn

after 7 m nutes).

Sensitization was determned by subtracting the threshol d
obtai ned at the end of continuous stimulation for 7 mnutes from

threshol d obtained prior to continuous stinmulation.
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REM BEW CF LI TERATURE

The first investigation of auditory adaptation of any sort
was that of Dobve (1859), who noted during the course of a study
of binaural beats, that if one ear was exposed for sone tine to
a tuning fork, then binaural presentation of the sane frequency

woul d result the perception of a tone only at unexposed ear.

Fl uegel in 1920 reported a series of experinents in which
he systenatically determned the effect of various paraneters
on both perstinulatory and post-stinulatory adaptation, carefully
done studies which generally is limted only by fact that tuning
fork al one was used as the nmaj or source of adapter and test tone.
He discovered different relations subsequently confirned by nodern

experi nent ati on.

Fl uegel (1920) even tried to determne the effect of central
factor. The result inplies a conplicated central mechani smnot

a sinpl e peripheral conparator.

Auditory adaptation is the change in the functional state of
the auditory systembrought by an acoustic stimulus or nerely a
reduction in apparent nmagnitude or an increase in true threshol d.

(Biott end Fraser, 1970).

Ward, (1973) distinguishes the phenonena comonly incl uded
under adaptation in two different ways == whet her they are observed

during or after exposuretothe acoustic stinmulus (concomttant or
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residual) and whether they require one ear (nonaural) or two

(binaural) for their neasurenent.

Fromthe survey of literature and fromthe new data offered,

Scharf concludes the fol |l owi ng way:

1. A sound presented al one adaptsonly if it is below 30 dB SL.

2. Hgh frequency pure tones adapt nore than | ow frequency tones
or / than noi se, whether broad - band or narrow - band.

3. Steady sounds adapts nore than nodul ated sounds and if the
sound anplification is nodul ated sufficiently, adaptation nmay
di sappear altogether as when 2 tones beat together.

4. People differ widely with respect to the degree of adaptation
t hey experience, although nost peopl e hear the | oudness of a
hi gh frequency |owlevel decline by at |east half within one
mnute, others report no change in |oudness and still others
report that the tone di sappears.

5. No relation has been found however between the degree to which
a person adapts and individual characteristics such as threshold,
age and sex, although there is some evidence that children

under 15 years adapt |ess than adults.

6. Free field testing may produce | ess adaptati on than earphone

| i st eni ng.

7. Loudness adaptation nmay al so be used by presenting a steady

sound in 1 ear intermttent sound in the other.
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8. The | oudness of the steady sound decreases markedly over 2
or 3 mnutes even at high levels where its | oudness does not
change when presented alone. This formof adaptation is
ascribed to the overriding of the normal variation in excita-
tory input froma high level steady sound by the nuch greater
variation fromthe intermttent sound, the role of inter-
aural interaction and of lateralization. |In this adaption
is obscured especially since theintermttent sound may i nduce

sone adaptation when in the sane ear as the steady sound.

Scharf hinself states that sone of the researchers disagree

strongly with sone of his interpretation of the data.

"Foll owi ng stimulation, the auditory system can nmanif est
i ncreased sensitivity, decreased sensitivity, oscillation between
i ncreased and decreased sensitivity or no change in sensitivity".

(Noffsinger and Tillman, 1970).

“"Not all shifts in threshold are in the direction of decreased
sensitivity. Under sone conditions, an enhancenent of detecta-

bility my be observed". (Ward, 1973).

Hughes (1954) called this increased responsi veness as inmmedi 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 that appeared as the first notable deviation
fromthe post exposure threshold. Hughes denonstrated this phenonenon

by enpl oying | ow frequency stinulus tones at noderately intense
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| evel s at 80-100 dB. He found that imedi ate sensitization
appeared only when the frequency of the test tone was | ower

than that of the exposure tone. The time course for these

events feature imrediate threshold sensitivity that grewto
maxi mum si ze at about 30 seconds post exposure and then gradually
di sappeared by one mnute. Hughes, found this interesting, since
sensitizatlon for other exposure conditions usually occured as
part of a nultiphasic recovery process in which the sensitized

t hreshol d wer e preceded, succeeded, desensitized thresholds i.e.
occured as part of an R1; bounce, R-2 sequence (see Hrsh and
Ward, 1952; Hrsh and Bi |l ger, 1955; Hughes, 1954, Copra, 1954;

Li ghtfoot, 1955; Jerger, 1955, 1956; Spieth and Tritti poe, 1958;
Ward, Qorig and Skl ar, 1958, 1959; Mbore, 1968). Hughes found

t he phenonenon of imedi ate sensitization sufficiently unique to
characterize it as perhaps resulting fromsone specific activity
related to the auditory processing of |ow frequency signals

(Noffsinger and Tillman, 1970).

In sensitization, greater sensitivity as neasured by neans
of absolute threshold, from1l-2 mnutes after exposure to the
fatiguing stimulus than it did prior to any stimulation (Hrsh
and Ward, 1952; Hughes, 1954). This phenonena has al so been

confirmed neurophysi ol ogi cal |y.

Threshold for a tone can be affected in 3 maj or ways by

exposi ng the ear to another tone.
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| sol at ed sensitizati on.

NP

Mul ti phasi ¢ behavi our (sensitization and desensitization - the
bounce ef fect).

3. Isolated desensitization.
These changes seem dependent on at |east follow ng vari abl es.

1. The frequency of the frequency rel ationship between the test
and exposing stinuli.

2. The intensity of exposure stimul us.

3. The duration of exposure stinul us.

4. The condition applying during the exposure period, eg. whether
the subject was required to track threshold during the exposure

tone (Tr) or not (DNTr).

To study these Noffsinger and A sen (1970) examned t he
threshold sensitivity for train of 250 nsec. test pul ses (250,
1000, 4000 Hz) follow ng exposure tones of various types. Asso-
ciated with each test tone were 2 mnute exposure tone of sane
frequency, half the frequency and tw ce the frequency as well as
2 additional tones one of whose frequency was consi derably hi gher
and one considerably |l ower than that of the test tone. Each expo-
sure tone was presented at 4 intensity |levels nanmely 20, 60, 85

and 105 dB. Both DN Tr and Tr procedures were enpl oyed.
The results of the experinent showed follow ng facts:

1. Isolated auditory sensitization is a real phenonena. It can

be denonstrated for both high and | ow frequency tones. Duration
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of much sensitization ranged from 20-100 seconds. Sensitization
that occurs later in the post exposure tinme course, usually
followng R 1 was al so denonstrated in sone experinental condi-
tions. It usually attains maxi mummagni tude at about 1 m nute
post exposure, has a duration of 16-30 seconds and generally is

of smaller magnitudes than nore i mredi ate sensitization.

2. If an ear is stimulated by a pure tone whose strength is
gradual ly increased, the first noticeable post stinulation change
in threshold for another pure tone in sone instances is sensiti-
zation. Such sensitization will increase in magnitude and/ or
duration to a critical point and then decline with further increase
in exposure tone strength. Follow ng even stronger stinulation,
desensitization will becone apparent in post exposure thresholds,
first as an initial threshold shift that rapidly declined (R1)

and may yield to sensitized threshold then as a nultiphasic process
containing R-1, a bounce and a second period of desensitization
(R2) and finally as a long lasting period of desensitization that

is nost aptly described as R-2 al one.

3. The sequence of post exposure events described above is initiated
at | ower exposure levels follow ng tones whose frequency in | ower

or equal to that of the tilt tone than follow ng those with higher
frequencies. Gven this distinction, decrease in the frequency,
differential between the test and exposure tones has an effect

simlar to that produced by increasing the exposure tone intensity.
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4. Continued threshold tracking of the test tone during exposure
tone period usually produces nore post exposure desensitization

than is produced when the exposure tone is presented al one.

Sensitization and desensitization reflect the state of atl east
partially separate physiol ogical nechanismthat are affected in
different ways and for different periods of tinme by prolonged sti-
nmul ati on. One reasonabl e hypothesis is that sensitization mrrors
a presynaptic electrical or electronechanical hyper-excitability,
i.e. hyperpolarization and desensitization reflects a reduced post

synaptic receptive capability.

There have al so been some studies that indicated an enhanced
sensitivity of the auditory system follow ng exposure to |ow inten-
sity stimuli (5-20 dB SL) short duration (5 nms - 10 sec) short
recovery time (5 nms - 1.0 sec) (zw slocki, Pirroda and Rubin, 1959

Rubi n, 1960).

Thi s phenonena was termed facilitation by Rubin to distin-
guish it fromsensitization as described by Hughes (1954) which
is elicited by relatively |ong exposure duration and nore inten-

sive stinmul ati on.

From Hughes report (1954) it is known that a greater anopunt
of transitory sensitization occured at 500 Hz than at higher
frequencies (eg. 1000 Hz). Hughes suggested that the reason may

be the higher frequencies were nore effective in producing a posi -
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tive TTS and that this may have been interacting with sensitiza-
tion so as to produce an apparent |essing of the anpbunt of sensi-

tization.

At 1000 Hz the ipsilateral ear showed the typical transitory
sensitization recovery function, wth secondary rise above the

reference threshold | evel.

Thomas J. Moore (1940) reported 2 different types of sensiti-

zati on.

1. A sustained type that was elicited foll ow ng exposure to | ow
intensity stimulation 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
stinmul ati on and whi ch apparently occured only when 2 regions of
different sensitivity were stinmulated sinultaneously in the audi-
tory system sustained sensitization in both the ipsilateral and
contral ateral ears, transitory sensitization occured only in the

i psilateral ear.

In experinents 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 frequencies than for those
above it. Noffsinger and Tillman (1970) stinmulated human ears by
3 mnutes 65-90 dB SPL continuous tones and post exposure thresh-

olds for tones of |esser frequency were exam ned. |In nost cases
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such procedure allowed denonstration of auditory sensitization
that was not preceded or succeeded by desensitization and then
ran its course in the first post exposure mnute. Such sensi-
tization 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 be greater sensitization to a continuous
test tone (Hughes, 1954) than to an interrupted one (Noffsinger
and Tillman, 1970).

Sensitization is not restricted to the ear exposed. Hughes,
(1954) using a special apparatus to produce an interaural attenua-
tion of 85 dB found nearly as nmuch sensitization at 500Hz after
stinmulation by a 500 Hz, 85 dB SPL tone in the contral ateral ear
as after ipsilateral stinmulation. Noffsinger and Tillman (1970)

have al so denonstrated thi s.

The transitory type of sensitization found occured only in
the ipsilateral ear and only after noderate to noderately intense
stimulus. This type of sensitizationiis nore fully docunented
I n both the psychophysiol ogi cal (Hrsh and Ward, 1952) and neur o-
physi ol ogi cal (Rosenblith, Gollanbose and H rsh, 1950; Hughes
and Rosenblith, 1957) literature.

"Wsing a new net hod (Wasanurthy, 1977) of measuring adapt a-
tion, data were collected on nornmal hearing adults. The new net hod

nmakes use of the magnitude of the acoustic reflex as a neasure of
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| oudness perceived. The obtai ned data enabled the author to
propose a revised nodel of adaptation. The details regarding
t he new nethod and the revi sed nodel are avail abl e el sewhere

(Wasanurt hy, 1982, 1984a, 1984Db).

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 wunits nay originate fromthe
pl ace of maximal stimulation of the basilar nenbrane or they nmay
originate fromthe neural units of the characteristic frequency
(frequency of the adapting stinmulus). a;. and a, units may ori -
ginate fromthe actions of the efferent systeminnervating the
i nner hair cells (ESIIHC) and the efferent systeminnervating

the outer hair cells (ESICHCs) 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 tone i.e. 'a
and a; units are responsible for |oudness loss and a, units are
responsi bl e for |oudness gain. The efferent action/s ceases, the
nonment, the post adapted test tone at an intensity hi gher than the

adapting Intensity is presented to the adapting ear.

The revi sed nodel of adaptation answers nost of the contro-
versies which are prevailing in the area of auditory adaptation.
It provides possible answers to the follow ng: (1) asynptotic
adaptation, (2) perstinulatory 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 Monaural heterophonic
t echni que and (4) the controversy whet her adaptation is real or

not real

LOUDNESS GAl N

The assunption that the action of the ESSCHCs is to increase
t he | oudness of the post adapted test tone, is supported by many
studies: (1) Spoendlin (1975) reports that the efferents to the
outer hair cells (GHCs) synapse with the hair cells and that the
enornous efferent nerve supply to the CHCs would tally with a con-
cept of a nore nonitoring role of the CHC system (2) Cody and
Johnst one (1982) have denonstrated that the acoustically activated
activity of the crossed olivo-cochl ear bundle (GOCB) may nodify
t he response of the CHCs to acoustic trauma i.e., the efferent
action counter acts the effect produced by the noise. Further,
they have found that the sensitivity of the auditory neurons
I ncreases due to the action of the COCB. (3) CGerken (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 continuous tone (3 KHz at 70 dB SPL). He has terned the facili -
tation by sustained tone "enhancenent”. He has al so specul ated
that the efferent action mght be responsible for the "enhancenent”
(4) Fex, et al., (1982) have concluded that the efferent termnal s
to the CHCs may participate in the recycling of the rel eased neuro-
transmtter using Aspartate amno transferase (AATase). Interest-

ingly, they have found the AATase |i ke immno reactivity in the
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Medi al systemof efferents but not in the lateral system (5)
Coms and Wiitfield (1968) report that the acetyl choline (neuro-
transmtter of ESICHCS) is an excitatory neurotransmtter. (6)
Hof f manne 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 systemnay increase

t he dynam c range of the neurons.

LOUDNESS LGSS:

The assunption that the ESIIHCs (and "a' units) is respon-
sible for decreasing the |oudness of the post adapted test tone,
i's supported by many studied: (1) Spoendlin (1975) has establi-
shed that the efferents to the inner hair cells (IH3) synapse
with the afferent dendrites. (2) Sohmer (1966) reports that the
el ectrical stimulation of uncrossed olivo-cochl ear bundl e (UGCB)
reduces the N, potential of the cochlea. (3) It has been esta-
bl i shed that nor-adrenaline is an inhibitory neurotransmtter of
the efferent auditory systemwhich produces inhibition (Pickles,

1982) .

AN ACTI VE MECHANI SM

O recent, many investigators (Kenp, 1978, 1979; Zw sl ockl,
1980, Zurek, 1981; 2w sl ocki and Kl etsky, 1982; Neely and Ki m

1983, Davis, 1983) have suggested that there is an active mechani sm



19

in the cochlea. Siegal and Kim (1982) state that the active
mechanismis controlled by the central nervous systemthrough
the activity of the efferent synapses on the OHCs. Many inve-
stigators are of the opinion that the active nechanismis res-
ponsi ble for the greater sensitivity and sharp tuning expressed

by the "tips' of the neural tuning curves.

Crane (1983) suggests that the hyperactivity of the active
mechani sm may be responsi bl e for the spontaneous acoustic em -
ssions. Wiile discussing the functions of the efferent auditory
systems, Grane (1983) coments: "CHC afferents are part of the
servo-control system (for instance, reporting back the state of
CHC responses to efferent excitation) the speed of a servo-system
can generally be increased if position information is available
fromthe mechani smunder control - another possibility is that
COHC afferents reflect a crude estimate of the acoustic |evel at
the OHCs and that they rather than the IHC afferents are the

sources of efferent excitation".

ELECTR CAL STI MLATI ON O COCB:

Al though many studies, as mentioned earlier, showthat the
ESI OHCs is responsi bl e for | oudness gain, Wderhold and Ki angl
(1970) have reported that the electrical stimulation of COCB
results in the desensitization of the '"tips' of the tuning curves.
Further, Pickles (1982) has concluded that the el ectrical stimnu-
| ati on of COCB reduces the response of the auditory nerve fibres

to sound. This controversial issue can be easily resolved if we
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recall the observations of Bodian (1983); S egal and Ki m (1982);
and Mountain (1980). "It nmust be kept in mnd that evidence for
inhibitory role of the efferent innervation of the cochl ea
pertains to | HC system = = = = | function of ESSICHGCs is yet to
be known. Presnece of efferent innervation of the verstibular
receptors suggests a general role for all |abyrinthine efferent
pat hways such as the enhancenent of sensitivity of the various

receptors". (Bodian, 1983).

"Hectrical stimulation of COCB increases the danping of

t he cochl ear partition", (S egel and Kim 1982, Muntain, 1980).

It may not be a correct assunption that the electrica
stimulation of COCB and the acoustic stimulation of COCB produce
simlar effects. W should have -- CGrane's (1983) view of CHC
afferents and CHC efferents acting as a servo-system in mnd,
when COCB is electrically stinulated. Naturally, we can expect
t he servo-systemto be disturbed when COCB is electrically stinu-
| ated. |ndeed, the danping of the basilar nmenbrane i ncreases
(or negative danpi ng decreases). This increase in the danping
in the BM (Basilar nmenbrane) (i.e. when COCB is electrically
stinmul ated m ght be responsible for the desensitization of the
"tips' of the tuning curves and al so for the decrease in N

r esponse.

The acoustic stinmulation of COCB may be expected to result
in the increase of the sensitivity of CHC afferents through the
recycling of the released neuro-transmtter (acetylcholine?) as

suggested by Fex, et al (1982).
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MODELS OF THE EFFERENT MECHAN SVE:

By putting all the above pieces of information, the follow
ing neural nodels (Fig. 1 and 2) of the efferent nechani sns

during auditory adaptati on have been proposed.

The nodel (Fig.3) suggests that the efferent systempassing
t hrough t he nmedi al superior olive (MSO is responsible for the
| oudness gain (recycling of the rel eased neurotransmtter) and
the nodel (Fig.4) suggests that the efferent systempassing
through the lateral superior Qive (LSO is responsible for |oud-
ness loss (‘d wunits are also responsible for | oudness | 0ss).
The efferent system passing through LSO nay be expected to rel ease
nor-adrenaline to inhibit the responses of the neurons innervating
the IHCs as the efferents to the | HCs synapse with the afferent
dendrites of IHCs. (Note: In Fig.3 dashed |ine neans not inportant
for |oudness gain; cochlear anplifier (CA refers to active

nmechani sm- see Davis, 1983).

He concludes in the follow ng way:

In the Iight of the recent devel opnents in auditory physio-
| ogy, the neural nodels of the efferent nmechani sns during auditory
adapt ati on have been proposed. The two efferent auditory systens -
M5O and LSO nay be responsi ble for |oudness gain and | oudness

| oss, during auditory adaptation, respectively", (Wasamurthy, 1980).
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METHODOALGGY

Subj ect s:

15 normal hearing subjects ( 20 dB HL ANSI 1969),
6 males and 9 fenmales with age range of 17 to 25 years
were selected for this study. None of the subjects had

any history of ear-ache or any other conplaints.

Equi prent  used: -

A dual channel diagnostic audi oneter Bel tone 200-C
(Figure-2) with TDH 39 earphone placed in MX-41/ AR cushi on
was used for testing. This audioneter allowed testing of
frequenci es from125 Hz t 0 8000 Hz and Heari ng | evel range from
-10 to 110 dB HL for pure tones.

R se tine - 0.02 - 0.1 sec.
Decay tine - 0.005 - 0.1 sec.
' tine - 0.3 sec = 10%

"Of' tine - 0.3 sec =+ 10%

Stop Wat ch:

An 'QOrega’ stop watch with second hand and m nut e hand
was used for testing. Calibration procedure used: The
audi oneter used in this study was calibrated both before and
after the study according to the guidelines given by WI ber

(1978). The output and linearity of both frequency and inten-
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sity was found to be within permssible limts (ANSI 1969).
Al these neasurenents were done in a sound treated room of

Al India Institute of Speech and Hearing, Msore.

Envi r onnent :

The audi onetric tests were perforned in a sound treated
two-room situation. The subject was seated confortably on
a chair in such a way that the control panel of the audi oneter
was out of his/her line of vision. A so throughout the testing
period the lighting in the subjects roomwas kept bright and
in the tester's roomwas dull so that the subject could not

make out the tester's finer eye-novenents (if any) clearly.

| nstructions:

"l amgoing to test you in the follow ng way: -

- | shall take your threshold for pul se tone at a particular
frequency.

- | shall again take your threshold for pul se tone, but this
time in presence of a continuous tone of the sane frequency.
Respond only for the pul se tones.

- Next | will present the continuous tone for 7 mnutes conti -
nuousl y.

- At the end of 7 mnutes, | will again find your threshold for
pul se tone in the presence of the continuous tone.

- I wll test your Rght ear only".
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Since the subjects chosen were students of Al India
Institute of Speech and Hearing, they did not have any
probl emin understandi ng the instructions. Neverthel ess
t he subjects were asked to repeat the instructions the

in order to confirmthat they had understood the instructions

properly.
Pr ocedur e:

The 15 subjects were divided into 3 groups A, B and C

of 5 subjects each.

Only the Rght ear of all the subject was tested (i.e.

R ght ear was the test ear in all the subjects).

Al the subjects were tested at 4 frequencies viz. 500 Hz,

1000 Hz, 2000 Hz and 4000 Hz.

Only one frequency was tested per day for each subject
and in this way all the subjects were tested on 4 consecutive
days. This procedure was adopted to rule out the possibility

of any residual effect due to adaptation.

During testing, after giving instruction and nmaking sure
that the subject was seated confortably, the follow ng procedure

was followed in all subjects.

1. The threshol d of pul se tone was got usi ng Hughson-\Wst | ake

procedur e.



27

2. The subject was exposed to 20 dB SL/40 dB SL/60 dB SL
conti nuous tone dependi ng on whether he/ she was in group-A,
group-B or group-C respectively. This continuous tone was

of the sane frequency as that of the pulse-tone. |n presence
of this continuous tone, the threshold of the pul se-tone was

got again. This was called"Condition-A" (Shown in Fig.l).

3. Next the subject was exposed to the continuous tone at

an intensity equal to that used in step2, for 7 m nutes.

4. Threshold for pul sed tone was obtained at the end of 7
mnutes in the presence of the continuous tone (The conti nuous
tone was not withdrawn after 7 mnutes) in the test ear. This

was called "Condition-B" (Figure-1).

Sensitization was cal cul ated by subtracting the pul se
tone threshold obtained in "Condition-B'" fromthe pul se-tone

threshold obtained in "Condition-A".

The obtained data were collected in the foll ow ng data

sheet .



Pul se-tone Post - adapti ve | mpr ovenent

Serial Sensation Frequency Pulse-tone
No. | evel at at which threshold t hreshol d pul se-tone in threshold
whi ch t est ed. in presence t hreshol d "A L B
t est ed. of conti nu- " Condi ti on-B"
ous tone
"Condi tion-

All
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BELTONE 200-C

Expansi on of the short fornms given in Figure-2.

(A),
(B),
(©,
(F),
(J)
(B),
(D),
(G,
(T
(S
(V)
(N
(L)
(M
(K)

(Ref:

(A-A Qut put Attenuators.
(B-B) Tone Interrupter.
(GO Tone 'on' Lanp.
(F-F) Qut put sel ector.
Patient signal |anp.
(E-E Tone Reversing swtch.
(DD Aut omati ¢/ Manual Switch
(GG Mnitor Control.
SISl (Short Increment Sensitivity Index)
Speech out put .
VU (Volume Unit).
Tone Bar Lock.
Tal k- Over sw tch.
Tal k- Over Gai n.
Tal k- Back Gai n.
Bel tone 200-C : Installation and Service Manual)
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RESULTS AND D SOJSS ON

Tables-1, 2, 3 and 4 reveal the inprovenent in thresholds
(sensitization) in dB for GoupA Goup-B, Goup-C and nmean and

standard devi ation of these three groups respectively.

The sanme has al so been represented graphically in G aphs
I, Il, and Ill for the 3 levels of presentation nanely 20, 40 and

60 dB SL.

Fromthe tables and graphs it is obvious that there is
| nprovenment (sensitization) in the test ear (ipsilateral ear)
after continuous stinulation by pure tones, i.e. on continuous
| psilateral stimulation of the test ear, the thresholds becone

better.

It is also clear fromthe tables that there is inprovenent
inthresholds at all levels (20, 40 and 60 dB SL) and at al
frequenci es (500, 1000, 2000 and 4000 Hz) .

The results of the present study reveal that the nmagnitude of
sensitization at all frequencies tested showvery little difference,
i .e. the frequency of the adapting stinmulus has no effect on

magni t ude of sensitization.

"The W1 coxon natched-pairs signal-ranks test” (S egel, 1956)
was used to find out whether there is significant difference

bet ween the threshol ds obtained in Condition-A and Condi ti on-B.
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The anal ysis of the data shows that there is significant diffe-
rence at all levels of all frequencies at 0.01 | evel of signi-

ficance.

And the magnitude of sensitization at 60 dB SL is nore than

that for either 20 or 40 dB SL.

The phenonenon of sensitization has been reported by many
I nvestigators; but the survey of literature shows that 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 the nagni-
tude of the sensitization obtained in the present study with those

reported by other investigators.

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

shows i nprovenent in thresholds of hearing or shows sensitization.

In none of the subjects there was deterioration in threshold
and in all of themthere was inprovenent. |t is commonly believed
that continuous auditory stinulation decreases the sensitivity
of the ear; but the present study is contrary to this belief.

This shows that continuous auditory stimulation activates sone

facilitatory process.

In the revised nodel of adaptation (Wasamurthy, 1982), | oud-

ness gain is expected in the ipsilateral ear due to efferent
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action. Inthis study, he speculates that "a,' units will be

produced in the adapted ear (ipsilateral ear).

The revised nodel is based on the assunption that the
efferent systeminnervating the outer hair cells ESICHCs (or
MBSO systen) is responsible for |oudness gain in the ipsilateral

ear.

The neural nodel of the efferent nechani smfor |oudness
gai n has al so been proposed (Wasanurthy, 1982) (See Figures
3 and 4). According to this nodel, the facilitatory process

may be vi ewedi nterns of synaptic ef fi cacy brought about byt he
ESI OHCs.

Fex, et al (1982) have suggested that the ESI CHCs nmay
participate in recycling of released neuro-transmtters through

AATase (Aspertate Amno Transferase) activation.

Additional |l ytherel easeof "Enkephal i n" |'i ke neur oacti ve sub-
stance (Fex, et al 1982) by the efferent systemmay al so contri -

bute to the sensitization observed in the present study.

So, based on the above results the null-hypothesis fornu-
|ated at the beginning of the study nay be rejected. It can be
aid, that there is significant difference between the threshol ds

obtained in the test ear in the condition A and B

The results of the present study thus support the revised

nodel of adaptati on.
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Table-1 Showi ng i nprovenent in thresholds in dB for
Group-A (Adapting Stimulus | eyel:20 gB gL

Subj ect s Frequenci es

Group-A 500 Hz 1000 Hz 2000Hz 4000 Hz
Al 10 5 5 5
A 2 0 5 5 5
A 3 10 10 5 10
A4 0 5 5
A5 5 5 5

Mean 50 6 5
6n 4. 47 2.0 0 2.0
on-| 50 2.24 0 2.25




Tabl e-2: Show ng i nprovenent

in thresholds in dB for
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G oup-B (Adapting Stinulus Level: 40 dB SL)

Subj ects Frequenci es
G oup-B 500 Hz 1000 Hz 2000 Hz 4000 Hz
B.1 5 5 5 5
B.2 10 10 > 5
B3 5 5 5 5
B. 4 0 0 0 5
B.5 5 5 5 5
Mean 5 5 4.0 5

n 3.16 3.16 2.0 0

n-1 3.54 3.54 2.24 0
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Tabl e-3: Showi ng i nprovenent in thresholds in dB for
Qoup-C (Adapting Stinulus Level: 60 dB SL)

Subj ect s Frequenci es

QG oup-C 500 Hz | 000Hz 2000Hz 4000Hz
C1 10 5 5 5
C2 10 10 5 5
C3 10 5 10 5
C4 10 5 10 5
C5 10 15 5 10
Mean 10.0 8.0 7.0 6.0
6n 0 4.0 2.45 2.0

n-1 0 4. 47 2.74 2.24




Tabl e-4: Show ng nean inprovenent in thresholds in dB for
each group, group Mean and Standard Deviation for
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all the groups.
Means for Frequenci es
di fferent
groups. 500 Hz 1000HZ 2000Hz 4000Hz
A
20 dB SL 5 6 5 6
B
40 dB SL 5 5 4 5
C
60 dB SL 10 8 7 6
G and Mean 6. 67 6. 33 5.33 5.67
6n 3.94 3.40 2.21 1.70
6n- | 4.08 3.52 2.29 1.76
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SUMVARY AND GONCLUSI ON

The phenonenon of sensitization has been studi ed by various

I nvestigators in the past.

The present study was carried out the study the effect of
| psilateral continuous presentation of pure-tones, at different

intensity levels, on sensitization in the same ear.

15 normal hearing subjects (6 nales and 9 females) in the
age range from1l7 to 25 years were divided to 3 groups A, B and
C of 5 subjects each. Each subject was tested at 4 frequencies
(500, 1000, 2000 and 4000 Hz) at one level eachi.e. 20 dB SL
(G oup-A), 40 dB SL (Goup-B) and 60 dB SL (G oup-C for 7 mnutes
continuously. One frequency was tested for a subject per day to
rule out residual effect. Thresholds for pul sed tone were deter-
mned in the presence of continuous tone, both before and after

adapting the ear. nly right ear of all subjects was tested.

Sensitization was cal cul ated by subtracting the pul sed tone
threshold in presence of continuous tone after 7 mnutes of adap-
tation (Condition-B) fromthe pul sed tone threshold obtained in

presence of continuous tone before adapting the ear (Condition-A).

Fromthe results obtained (See tables 1, 2, 3, 4 and G aphs,
I,11, 111) the follow ng concl usi ons were drawn:

1. There is significant difference between the threshol ds obtained
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in Condition-A and Condition-B at all l|evels, Viz.20, 40 dB SL and
60 dB SL for all frequencies
at 0.01 level of significance; thus the null-hypothesis has been

rej ect ed.

2. The magni tude of sensitization showvery little differences
anong t he frequencies tested (500, 1000, 2000 and 4000 Hz) ;
i.e. the frequency of the adapting stinulus has no effect on

t he magni tude of sensitization.

3. Magnitude of sensitization at 60 dB SL is nore than that for

either 20 dB SL or 40 dB SL.

Though many ot her investigators have studied sensitization,
the result of this study can not be conpared with themas the

met hodol ogy differs.

Expl anation for the above results may be taken from studies
of Fex, et al (1982) who suggests that (1) ESIOHCs may partici pate
inrecycling of released neuro-transmtters through AATase and (2)

the rel ease of "Enkephalin" |ike substance by the efferent system

Further support for this comes fromthe revised nodel
(Wasanmurthy, 1982) which assunes that ESIOHCs is responsible for

| oudness gain in ipsilateral ear.

Al so a neural nodel of the efferent mechanismis proposed
(Wyasanmurthy, 1985) according to which facilitatory process nay

be viewed in terns of synaptic efficacy brought about by the ESI OHCs.

The results of the above study thus supports the revised

nodel of adaptation.
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