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| NRODUCTI ON

One of the common functional characteristics of all
sensory systens is a reduction in sensitivity fol |l ow ng
exposure to any stimulus of significant duration and inten-
sity. For sone systens (Eg. gustatory, olfactory) the
sensation may di sappear totally while others (eg. auditory)
there is a reduction in apparent nagnitude or an increase
in the threshold. Such changes are tenporary so long as
the stimulation does not exceed critical limts which is
the case in an everyday |life for nost receptor systens.
Ears exposed to stimuli |ike gunshots or to | ong periods
of high intensity noise results in sensitivity which nmay
be permanently inpaired. (ten such danage occurs slowy
fromrepeated exposure that individually cause only tenpo-

rary shifts in sensitivity.

Auditory fatigue is an interesting phenonena, nore
because of its absence than its presence. It is surprising
that the ear, assailed as it is, both day and ni ght, by
sounds and noi ses of all sorts, suffers so little decrenent
in acuity. No flap or lid enables us to protect our ears
fromunwant ed di sturbances and we nust even | eave them open
when we sleep. W learn to disregard the unwanted sounds
we hear, at the sanme tine preserving a selective attention
for what we consider significant. Al said and done exce-

ssi ve unwanted noi se has its ill effects on the organi sns.
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Thus the study of TTS is of theoretical and practical
i nterest to audi ol ogi sts because:
1. The simlarities between TTS, auditory adaptation
and PTS (NPTS) indicate that the anatom cal and
physi opat hol ogi cal processes which underlie nay be
differentiated only quantitatively (Derbyshire and
Davis 1935; Davis et al. 1950; Shimzu et al.1967;
A ssel son and Sorenson, 1959; Tondorf et al.1955).

2. TTS may be used effectively to study the auditory
fatigue and rel ated phenonena, because in contrast
to adaptation it permts post stimulatory study
and in contrast to PTS it does not presuppose perna-

nent damage.

3. TTS neasures are anong the inportant auditory tests

performed to assess sensori neural hearing | oss.

4. A series of clinical studies on TTS have attenpted
to evaluate the predictability of NNHL and to state

sone Damage Rsk Criteria (Ward, 1970).

Two psychophysi cal neasures commonly enpl oyed to assess
the reduction of sensitivity of auditory systemfollow ng
noi se exposure are.

1. Loudness decrenent (obtained during the sensitivity

reduci ng stinul ation).
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2. Shifts in threshold (obtained after the stimulation)
Both being indices of ear's sensitivity. They
reflect different types of changes in the auditory
system The forner being terned as auditory adapt a-
tion and the latter ternmed as auditory fatigue (post

stinulatory auditory fatigue).

Adapt ation studies generally use weak to noderate
| evel s of stimulation. Fatigue studies on the other hand
are concerned with the effects of noderate to quite intense

| evel s of n ise stimulation.

Though there are evidences show ng that these two
psychophysi cal neasures differ in the types of physi ol ogi cal
changes it is also true that these differences are not
aften conplete. This overtly becones evident when the
various physi ol ogi cal changes underlying decrenents in
ear's sensitivity are considered. They include-neural

changes, hair-cell changes, endol ynphatic changes etc.

Stinmulation results in reversible neural changes
that indicate neural adaptation, reduction in hair-cell
response, and in all probability a variety of cochl ear
environmental changes that interfere with both hair-cell
and nerve-cell functioning. Auditory sensitivity

reflects the | evel of neural activity so one, nust
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consi der a broad range of partially independent changes
in the ear in attenpting to understand the source of

t he decrease in sensitivity.

Post stinmulatory auditory fatigue:

The nost common index of auditory fatigue is the TTS
(Tenporary threshold shift). Usually it is nmeasured by
first determning the nornmal threshold, then exposing the
ear to fatiguing stimulation and finally finding the post
exposure threshold. D fference between pre and post

exposure threshol d defines the severity of the fatigue.

Thus precisely TTS can be defined as any post-sti nu-
latory shift in threshold. It is a tine |inked process
unl i ke nmasking and adaptati on where recovery tine is |ess

than a mnute and they are not tine |inked.

Primary factors influencing TTS are:

Recovery interval (R)
Intensity of fatiguing exposure (1)

Test frequency (F)

1

2

3

4. Exposure frequency (Fe)
5. Duration of exposure (D
6

Intermttent exposure.



M scel | aneous factors affecting TTS:

I nteractive effects

Resting threshol ds.

Latent and residual effects.
Vitamn A deficiency.

oxygen defi ci ency.

Salt (excess of it).

Vi brati on.

Age, Sex and Experi ence.

© © N o 0o bk w DN E

| npul se si gnal s.

10. Drugs and | evel s of consci ousness.

TTs and Met hodol ogi cal consi derati ons:

Reliable threshold determnation is tine consum ng
and r flects not only the sensitivity of the receptor
system but the non-sensory factors as well. They are:
1. Practice
2. Motivation
3. The psychophysi cal procedure used
4. Chance fluctuations
These vari abl es have to be reduced to mni num For
I nstance the practice effect nay lead to change in suscep-
tibility (Mersh, and Wrd, 1952? Loeb and Fl etcher, 1963;
Rach et al. 1964).



This may be due to conditioning affect of the
acoustic reflex rather than changes in ear's resis-

tance to fatigue.

Thus t he di vergences anong sone of the studies

nmay be due to differences in the testing procedures.

If, TTSis primarily a peripheral physi ol ogical
process, except in so far as higher centers are invol ved
I n the behaviour fromwhich we infer just what the
threshold itself is, one would think that the changes
in TTS associated with changes in | evel s of conscious-
ness would be relatively mnor. That is, it should
make no difference in the TTS produced by a gi ven noi se
whet her or not the listener is concentrating on the
noi se or readi ng a book, awake or asl eep, hypnotized
or alert —unl ess, of course, any of these affect the
transm ssion of sound to the cochlear by reducing or

enhancing the action of the mddl e ear nuscl es.

There i s no concrete evidence about effect of

drugs on TTS.

Wien the factors causing a change in an organi sns
normal response to stimulus are conditioned upon the

state of the central nervous systemit is not surprising
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when we find increased variability. Central inhibition
Is a labile phenonena. Consequently, both the vari a-
bility and binaural nature of auditory fatigue can be
accounted for, if we, assune that the loss in sensitivity
Is due to the intervention of central factors. The
phenormenon woul d partake, then, |ess of the nature of
sensory fatigue than of the nature of inhibition, and
phenonena of disinhibition (Pavlov's inhibition of inhi-

bition) would be likely to appear.

The phenonena of auditory fatigue appears, then to
be conplicated by sonme type of central inhibition, which
makes it hard to discover, by psychophysical experinent
the actual loss of sensitivity within the sense organs

due to previous stimlation.

A series of studies done by Bronstein shows that
after exposure to a loud tone the auditory threshold
not only returns to normal, but also, often it falls
bel ow normal for a period of tinme. The increased sensi -
tivity, may anount to 10-15dB and extends to frequencies
other than that of stimulating tone. As with fatigue,
there is sone sensitization in the opposite ear, when
only one ear has been stinmulated. This and other features
of the phenonena, suggest sensitization and fatigue are

both due, in part, to cortical factors.



Need for such a study:

To know i f the higher centers play arole in
I nfl uenci ng the anmount of post exposure threshold

shift (Central Inhibition).

Nul | Hypot hesi s:

There is no difference between the TTSy produced
under 'Mental reverie' condition and the TTSp produced

under some 'nental activity' condition.

There is no difference between the TTS- produced

in the first and second conditi ons nentioned above.



REM EW G- LI TERATURE

Central conponent in contralateral threshold shift.

Mbost of the studies that have tried to find the

central conponent of TTS have enpl oyed post stimulatory

par adi gm

Bekesy in 1929 nmade the first attenpt, in a recorded
version, to localize the place of origin of the fatigue
phenonena. He fatigued one ear for 2 mnutes with an
800Hz sinusoid of 108dB intensity and used a | oudness
doubl ing method to ascertain any fatigue effects in the
contral ateral ear. He found none and concl uded fati gue

to be a peripheral phenonena excl usively.

Rawdon and Smth in 1936 reported a simlar experi-
ment and concluded differently. Using methods of limts,
he determned the intensity of the threshold before and
after the introducti on of nmonoaural fatiguing tone in the
opposite ear. On examnation of the two, he found there
was a consi derabl e decrease in hearing sensitivity fol |l ow
ing the introduction of the fatiguing tone. They concl uded
central factors were involved in auditory fatigue. Further
experimentation reveal ed that this post stinmulatory con-
tralate al threshold shift was influenced by the intro-
duction of various non-auditory stinmulation to the subject.

For instance the threshold returned to normal and then
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denonstrated an oscillating fluctuation when the lights
I n the sound proof roomwere turned off. A contro
experinment revealed that the normal threshold was not
affected by this procedure. The phenonena found by
Rawd n-smth thus appeared to be nore of the nature of
inhibition than of fatigue. They speculated that the
threshol d fluctuati on observed during and after the

I ntroduction of unexpected stinuli corresponded to dis-
inhibition or inhibition. They thought that corti cal
Intervention played a partial role in the fatigue pheno-

nmena in conbination with a peripheral effect.

Causse and Chavasse in 1942 pointed out that the
sound intensity used in the Rawdon and Smth experi nent
wer e high enough to affect the contral ateral ear via
ai r—bone conducted sound. Thus the premse that only
central intervention of sone kind could affect the
threshol d of the unfatigued ear was not entirely correct.
In their replication of the original experinent they
could not find a fatigue effect in the unstinulated ear.
A clear effect was noticed in the stimul ated ear, how
ever they concluded that the effects reported by Rawdon-
Smth are not present when extra-cranial sound | eakage

is controll ed.



11
Rosenblith et al in 1950 have stated that cortical
and cochl eal responses grow in parallel as a function
of intensity and that during recovery from sound expo-
sure the N, response behaves simlarly to the cortical
one. Thus central effects produced by intense sounds
are present and not a reflection of fatigue occuring in

cochl ea.

| ngham i n 1957 experinmented on subjects who noni -
tored their thresholds at 1K before, during and after
stimulation of the non test ear by a low intensity 400Hz
tone. The results suggested an increased sensitivity
during the first 10 m nutes after stinulation. A close
exam nation of threshold over tinme during contral ateral
stinmulation reveals a gradual decrease in s nsitivity
during that period. Al these findings have to be inter-
preted with sonme skepticismbecause Bl egvad in 1968 has
reported that there is a considerable individual variation
in the contral ateral fatigue. Threshold shifts in the

same individuals were not always in the sane direction.

Later Grauer and Dunn in 1978 perfornmed two experi -
ments to study perstinulatory auditory "Central fatigue”
In the first experinment the subjects tracked threshol ds
for 13 mnutes at 0.3, 0.6, 1, 2, 3 or 4K while being

stimulated in the contralateral ear by a 0.5K tone at
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75dB SPL. Bekesy tracings showed a significantly rising
threshold at 2, 3 and 4KHz. |In experiment-l1 subjects
tracked threshold for 13 mnutes of a 3KHz pul sed tone
while a 0.5K tone pul sed simultaneously at 75dB SPL in the
contral ateral ear. Results fromprevious central nasking
research woul d predi ct enhanced effect, while results
fromipsilateral fatigue studies would predict a nuch
reduced effect. The data showed virtually no effect at

all, thus supporting a fatigue hypot hesi s.

Again Dunn and Grauer in 1981 studied this on young
adults. They tracked fixed frequency Bekesy threshol ds
in left ear to a 3KHz tone for 4 mnutes before and for
4 mnutes after receiving in the right ear either a 13
mnute fatiguing tone at 75d3 SPL or 13 minute silence.
Half the tinme subjects, when receiving the fatiguing
tone, read a nagazi ne and the other half of the tine,
their attention was directed to theright ear. |In the
control condition with no fatiguing tone, subjects read
half the tinme and the other half of the time they counted
soft tone pips inright ear. Only when subjects atten-
tion was drawn towards the fatiguing tone did the threshol ds
rise. Qher cases threshol ds dropped. This |owering
of threshol ds nay be due to response bias. This cannot
expl ai n why response bias did not occur when attention

was directed towards stinulus during the 13 m nutes
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interval. This may have been due to contral atera
fatigue which was great enough to effect the response
bi as. The other explanation may be that subjects
m ght have been exhibiting the effects of auditory
fatigue fromanbi ent noise in a normal environment
in the initial recording and sone recovery had occured
during the tine these subjects were in the quiet room
There i s one nore evidence of extracrani al |eakage which
nmeans that threshol ds woul d be decreased even slightly
after 13 mnute stinulation,during which subjects were
directing their attention away from sound (because a
smal | amount of peripheral fatigue would be registered
inthetest ear). But this speculation was al so not

found to be true.

In perstimulation subjects nust attend to stated
auditory dinension of the primary stinmulus during the
presentation of the fatiguing stimulus. Wile in post
stimulatory paradigmthere is no such attenti on denand,
here the subject is naking an attenpt to ignore the
fatiguing stimulus. Thus there is an inportant poten-
tial difference between the two types of fatigue,

i nplying that a nechani smWich is capabl e of producing
a contralateral fatigue effect is also affected by mani -

pul ati ons of attentional variabl es.
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Central factors and post-stinulatory thresholds in

contral ateral or ipsilateral ear.

In 1963 Werni ck and Tobi as reported a central factor
of auditory fatigue in humans. Their subjects in the
experiment were asked either to solve an arithnetic problem
or tomaintain a state of reverie during the tine of
exposure to puretones of various intensities and frequen-
cies. Post stinulation intensive thresholds of the sane
ear showed a greater elevation and took a longer tinme to
recover when the fatiguing tone was presented in the nental
task vs. reverie condition. The authors concl uded t hat
there is a central factor in pure tone auditory fatigue
and that the degree of effect is a function of subject's

mental activity during stinmulation.

Reports by Ward and Sweet (1963); Bell and stern in
1964; R ach and sheposh in 1964; failed to confirmthis
study. Capps and Collins in 1965 suggested that this

failure to the type of nental task used.

Price and Catman in 1967 conducted 3 experinents.
They isolated the procedural artifacts that could explain
the results of the data of wernicke and Cobias. The
first experinent they replicated the Wrni cke and Tobi as
(1963) study and produced sanme data. Here nental activity
in formof nental arithnetic during a pure tone exposure

resulted in nore auditory fatigue than the same exposure
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during Reverie. In experinments Il and Il they were
asked to prepare thensel ves for the threshol d neasure-
ments and there was no increase in thresholds in

mental task condition. The results indicated that

I f subjects could resume post exposure threshold track-
ing without being required to do sonething el se siml-
taneously (such as wite an answer to a problen), the

di fferences between the experinental groups di sappeared.

Thus central auditory fatigue seens to be an artifact.

Fricke (1966) exposed subjects to | 000B or 120dB
white noise for 15 mnutes after which they |istened
either for interruptions in the noise or to a story to
whi ch they were supposed to attend. Wile there was sone
tendency for the noise and story TTS to be greater at
100dB di fferences were generally not significant as a

function of the attention dermanding story.

Smth and Loeb in 1968 conducted four experiments
concerned with TTS obtai ned from | onger exposure under
different activating or attention denmandi ng condition
and under the influences of drugs. Two arithnetic tasks
failed to produce significant differences in TTS. TTS
was consistently greater when subjects were exposed whil e
tracking a 1KHz tone than whil e exposed during reverie.

D anphat am ne and secobarbital did not differ froma

pl acebo in their effects on TTS. An activation hypothesis
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relating changes in the nagnitude of TTS to reticular
activation was not confirned, rather the significant
effects obtained seemrelated to the nature of the d s-

tracting stimuli enployed.

One possi bl e expl anation why the nental arithnetic
task showed negative findings is that the task was too
difficult for the population used. It seened possible
that | onger exposure time would produce greater shifts
and allow nore opportunity for differentiated effects to
becone apparent. But this hypothesis was also refuted
in their second experinent where the exposure tinme was
greater and nental mathenmatics was a paper and penci
task. Again here there was no statistical significance.
Third experinent was a tracking task where they were
asked to track their thresholds for a 1K tone presented
via an earphone in the opposite ear. This tracking test
was carried out under two different conditions of stinulus
intensity and conpared it with their corresponding reverie
state. There was a statistically significant difference
in the tracking condition that is TTs was greater (P<.05)
There was a significant difference attributable to the
intensity of the fatiguing stimuli (P<.01) and tine
(P<.0l') of the neasurenment. There was a significant

Interaction of the fatiguing stimuli intensity* nental
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arithnmetic and reverie conditions and tine (< 0.05).
Though the difference between conditions appeared
much greater at 100dB than that at 90dB the interaction
of conditions and intensity was significant beyond the

0.1 | evel.

The above experinment was repeated because in all
these results significance was found beyond the .05
level. This tine with nore nunber of subjects,they found
TTs was greater when subjects were exposed during reverie
state. There was a high significance in 0.01 |evel.
There was a significant difference between exposure inten-
sity (P<.01) and tinme of testing (P<.01). There was
no statistical difference attributable to the interaction
of stimulus intensity and nental arithnetic and reverie
condition. The renmaining interaction were not significant

ei t her.

The experinental artifact as suggested by Price and
Catman in 1967 cannot really explain the significant diffe-

rences in the tracking condition.

If there is an effect of the intensity and duration
enpl oyed in these experinents, it would appear that the
effect nay be attributable to type of exposure, type of

task, and the characteristics of the subjects enpl oyed.



18
The drug experinment suggests the differences previously
obt ai ned under certain experinental condition are not
due to changes inthe general |evel of arousal but to
sonething nore specific. The tracking experinments strongly
inply that there nmay be sone sort of attentional effect.
Wer ni cke and Tobias (1963) attributed their findings to
efferent gunk i.e. waste products resulting in sensory

stimulation which add to fatigue products.

Anot her possibility is the inhibition of the acoutic
refl ex when observers are trying to detect a threshold
| evel stimulation as suggested by Loeb and Riopelle (1960)
Wer ni cke and Tobias ruled this out in their experinent
because they felt that it would be ineffective at the fre-
guenci es and exposure intensities which they enployed. But
this is again contraindicated by the frequency and inten-

sity used by smth and Loeb.

The experinment by Guann 1967 does not support the

i nhi bition hypot hesi s.

Coll'ins and Lapp in 1965 found that tracking of

contral ateral tone does not influence TTs.

Mclnick in 1968 found less TTS at 1400Hz following a
2 mnute exposure to a |OO0OHz tone at |10dB SPL under the

sanme tracking at 250Hz tone in nontest ear condition.
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Specul ated site of pathol ogy:

Babi ghian, G et al in 1975 studied TTs whi ch was
related to central auditory fatigue. Based on evoked
responses and singl e-neuronal responses he reveal ed that
there is a central involvenent in auditory fatigue. In
t hese experinents cochlear potentials (m crophonic and
whol e nerve action potential) and inferior colliculus
el ectrical responses were sinultaneously obtained before
and after excessive sound exposure. |In general sound
exposure produced a greater reduction of the collicular
evoked responses than of the cochlear m crophonics and
action potentials. Recordings from single neurons support
t he evoked responses findings. Sonme aut hors have pointed
out that degree and tinme course of TTS may be affected by

t he cochl ear-cochl ear or olivocochl ear auditory nmechani sms.

Elliot (1961) and Hunter - Duran (1971) say that
changes in auditory sensitivity unacconpani ed by hair cel

| ess have been noticed in Monkeys and cats.

El dredge and MIler (1969), Ward and Dural |l (1971) -
showed that considerable hair cell destruction nmay be

correlated only with a slight TTS.

Ward et al 1972 - found in animals that only a small

area of normal hair cells in the apex can respond to very
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weak hi gh frequency tones.

S mlar |ack of correspondence between the audi ograns
and pat hol ogy, have been reported by Benitez et al (1962)
and by Bredberg (1968) . Bredberg described nornal appearing
hair cells associated wth PTS, as well as a nornal
threshol d despite a 35%]l oss of IHC and 45%Il oss of GHC

in 81 year old man..

These di sparate findings suggest that central factors,
in addition to peripheral ones may play an inportant role

in auditory fatigue.

It has been seen that during recovery fromTTS a
reduction in anplitude of the collicular response continued

for 30 mnutes after the cessation of sound exposure.

Paral | el i ng these changes there was a post exposure
reduction of cochlear potentials. TheCMand N, - N,

potential s displayed a di phasic recovery.

In 1978 a study by Pratt et al was conducted regard-
I ng surface—+ecorded cochl ear m crophonics potentials

during TTS in man.

CMwas recorded by neans of surface el ectrodes, before

during and after white noi se induced TTS i n human vol unt eers.
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The behavi our TTS was not acconpani ed by a Change in
anplitude of CM These findings indicate that in humans,
the site affected by the noi se exposure and whi ch probably
gives rise to TTSis central to the site of generation

of CM

In a previous study the conpound action potenti al
generated in the auditory nerve was found to be of a | ower
anpl i tude and longer latency during TTs, and it is thus
proposed that the site affected is peripheral to the

generation of conducted action potenti al s.

The synapse between hair cells and auditory nerve
fibres is the nost likely candidate to be the affected

site.

I n Chinchillas no change was found in the endocochl ear
potentials while changes in the CMrecorded fromthe regi on
of the cochlea corresponding to the frequency of the noise
showed the best nunerical correlation with the behavi our
TTS in the sane aninmals. Were as the conpound acti on
potentials of the auditory nerves showed an even greater
change than ot her neasures (Benitez et al. 1972). They
concl uded that the noi se exposure effects two sites. The
t ransduci ng nechanismof the hair cells and the synapse

between the hair cells and auditory nerve fi bres.
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Simlar experinentation on squirrel Mnkeys have
not shown cl ear evidence of hair cell damage, even when
t he noi se exposure caused a PTs of 10-20dB (Hunter-
Duvar and Eliot, 1972). Even PTS of 20-50dB resulted
in ahair cells loss in a region which did not corres-
pond to the frequency of the haring loss in the observed
animals. But a PTs of 40-60dB caused a hair cells |oss
corresponding to the noise and hearing | oss frequencies
in animal tested. Thus the sensitivities of Mnkeys

and chinchillas to noise exposure are different

It seens unlikely that the efferent olivocochl ear
bundl e contributes to this effect after noise exposure
since no change in TTS was observed in Cats follow ng

section of this bundle (Trahiotis and B liott 1969).

The absence of anplitude changes of the cochl ear
m crophonics inplies that there is no inpairment of sound
conduction to the inner ear, even though this mght have
been expected fromthe increase of latency of the auditory
nerve conpound action potentials (sohner and Cohen, 1976).
The stage affected by t he noi se exposure nust be thus
beyond t he sight of generation of the CM but before the
site of conpound action potential. Therefore the synapse
between hair cells and nerve fibres, or the auditory

nerve dendritic processes in the inner ear may be the site



23
when the TTSi s about 10-20dB.

Simlar conclusions have been drawn when ot her
sense organs have been continuously stinulated. The
general belief is that the reduction of sensation is

due to reduced synaptic efficacy.

CGCerken, GMet al in 1985 reported both hearing
| oss and continuous tone can decrease the absol ute thresh-
old for the detection of electrical stinulation applied
to auditory nuclei of the brain. Like wi se acne of the
evoked responses in the auditory system are consi derably
larger in the aninal with hearing | oss, or in the nornal
hearing aninmals during presentation of continuous tone.
Evoked responses enhancenent are seen at the |evel of
mdbrain or above and prinmarily in the unanaesthetized
Cats. Continuous tone stimuli have proved to be nore
effective than conti nuous noi se i n produci ng enhancenent
This effect could be a representation of a Change at a

hi gher |evel of the auditory system

In 1983 Fi al kowska, M D. et al studied effect of
noi sed induced TTS on the auditory brain stemactivity
whi ch was associated with fatiguing processes in the
cochl ea and cochl ear nerve as well as with the altered
activity of the cochlear nucleus units. Based on these

results and on bi ochemcal and structural findings
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presented by other authors it was concluded that TTS
originates primarily in the cochlea and nodifies the

activity of neurones through out the auditory pathways.

Thus TTs nmay be useful as a neasure of the indivi-
dual s susceptibility to industrial noise* but the
prognosi s on the presunmed PTs based on eval uati on of

t he anmount of TTS seens to be doubtful.

Results reviewed are confusing. Nevert hel ess,
they are of considerable theoretical interest. Attenpts
to isolate an attentional conponent of central auditory
fatigue have then been characterized by di verse and
often i nadequat e nethods |eading to spurious and sone-

times contradi ctory concl usions.

Recently there has been an interest in | oudness
adaptation with binaural stimulation. Research by
Bray et al (1973) and Dirks et al (1974) vyielded data
supporting the position that all |oudness adaptation
has a central conponent. Wiler et al in 1975 reported

sane fi ndi ngs.



METHODOL OGY

SUBJECTS:

Ten subj ects volunteered to undergo testing. Qut of

them7 were fenales and 3 were mal es. Their age range

was from18 to 23 years with a nedi an age of 20 years.

These subjects were chosen at random Al of themhad

normal hearing, with their hearing sensitivity within 20dB

H. (ANSI 1969) at frequencies from250Hz to 8000Hz, at

octave intervals. At the tine of testing the subjects com
pl ai ned of no such otol ogic problens as tinnitus, ear ache,
vertigo, headache, ear discharge, etc. None of themreported

of having been exposed to |oud noise earlier.

| NSTRUMENT USED:

GSl - 16 Audi oneter was used for the experinent. TDH 39
ear phone coupled with a supra-aural type of a cushion was
used. The audioneter was calibrated according to the speci-

fication given by ANSI 1969; |SO 1975.

TEST ENVI RONVENT:

The experinent was carried out in a two room situation.
Both roons were sound treated. The anbi ent noi se | evel was

much bel ow t he nmaxi num perm ssi bl e | evel specified by | SO 1964.
PROCEDURE:

The subjects were made to sit on an armed chair confortably
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facing the tester.

Each subject was tested tw ce under two different
conditions keeping all other variables constant. The
first condition was the control where subjects were in
a state of nental reverie while the stimulus tone was
pres nted. The second condition being the experinental
one where subjects were asked to solve a sinple multi-
plication problem (arthnmetic sum) and wite down the
answer. Each subject was given enough tine (nore than
2 days) to recover fromthe threshold shift induced in
the control condition, before they underwent the expe-

ri nmental condition.

TEST ADM N STRATI O\

1. The subjects hearing acuity was tested to nake sure
they all had nornmal heari ng.

2. Their right ear pure tone air conduction threshol ds
were noted for the frequencies 4KHz and 2KHz

3. Apure tone of 2KHz was presented conti nuously for
10 mnutes at 100dBHL in the right ear, as the
fatiguing stinulus tone.

4. During the presentation of stimulus tone, the subject
either sat quietly or solved the probl em dependi ng

on the test condition (i.e. control or experinental)



27
5. Inmediately after the stinmulus tone was w t hdrawn,
their threshold for 4KHz pul sed pure tone, taken
as the test tone, was found out. This was repeated
after 2 mnutes after the withdrawal of stinmulus
tone, the former being TTS; and the |atter being
TTS,.

Her e pul sed tone was used because sone of the subjects
conpl ained of the tone lingering in the ear ven after
the stimulus tone was wi thdrawn. Thus pul sed tone nade
it wasy for themto distinguish between the persisting
tone in the ear and the tone through t he ear phone, whcich

avoi ded conf usi on.

I NSTRUCTI ONS:

1."Raise your finger even if you hear a slight sound in
your ear".
2."Then you will hear a loud sound in your ear continuously
for 10 mnutes in your right ear.".
3. a) For control condition: "Be seated confortably as | ong
as the tone is heard in your ear".
b) For experinental condition:"As soon as you hear
the sound in your ear start solving the problen
4. "As soon as the tone in your ear stops you are required
to again raise your finger even if you hear a slight
tone. The tone wll be a pul sed one. Repeat this again

after 2 mnutes when pul sed tone will be presented agai n".
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The pre and post exposure threshol ds were noted
and the shift in threshold was entered in a tabul ated

formfor further statistical analysis.



RESLLTS

The data of the experinment has been epitomzed in

the four given tables.

Tabl e-1 indicates the subjects shifts in threshold
at 4KHz (the test tone) imediately after w thdrawal of
the fatiguing stinmulus (2KHz pure tone). Precisely,
this table reveals the TTSoof all the 10 subjects. Table-1(1)
del i neates the subjects TTSp neasured under the control
condition (State of nmental reverie) and Table-1(I1)
denotes their TTSy under the experinental condition (ex-
posure to fatiguing stimlus while working out a problenj.
These tables lucidly signifies that there i s sone change

in TTSO under the second condition.

On conparison of the Tables 1(1) and (Il) it is
evident that subjects 5, 6, 8 and 10 showed an i ncrease

in TTsO the second tinme. Subjects 4 and 9 showed no diffe-

rence. The rest showed a decrease. Table-2 indicates a
greater variability of TTS; in the second condition. A so

t he nean of the experinmental TTSpgis clearly greater.

Tabl e-3 elucidates simlar data as in Table-1. The
only difference being that these are the values for TTS;
(The shift in threshold 2 mnutes after withdrawal of

fatiguing stinmulus).
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Once again these 10 subjects showed a slight nodul a-
tion of TTS, in the experinmental condition al beit
subjects 1 and 9 showed no difference at all in the two
situations. Positively 5 and 10 showed an increase in the
experinmental condition and the rest showed a d crenent

whil e they solved the problem

Table-4 vividly exenplifies a greater variability in
the experinental atate for TTS, and as before the nean in

the second condition is also greater.

To verify if the differences in neans were statisti-
cally significant, the WIcoxon's natched-pairs, signed—
rank test was used. Consequently both the differences in
nmeans were confirmed to be non-significant at all three

| evel s of significance (0.025, 0.01 and 0. 0005).

Ap arently the results connotes that the two Nul
hypot heses, made prior to the comrencenent of the experi-

nment, renmai ns unal tered.



Tabl e-1: Indicates val ues for TTS0

subj ects 1 2 3 4

| TTS in dB
in control
condi ti on. 25 30 35 30

Il TTS in dB
experi nment al
condi tion. 20 25 30 30

10

35 30 25 20 25

45 35 20 30 25

40

45

Tabl e-2: Mean and Standard Devi ation of TTSO

Standard Devi ati on

Mean (dB)
| Control
condi tion
TTSo 29.5
Il Experinment al
condi tion
s, 30.5

5. 68

8.5

1€



Tabl e-3: Indicates values for TTS,

Subj ect s 1 2 4

| Control TTSg in dB 15 25 20 20

|1 Experinental TTS;
in dB 15 20 15 15

Tabl e-4: Mean and standard deviation of TTS;

25 25 20 20

40 20 15 20

Mean( dB) St andard devi ation
| Control
TTS, in dB 21.5 3.2
11 Experinent al
TTS, in dB 23.0 7.9

[43



D SAJSS ON

As per results obtained oneis conptletedto
bel i eve t he concl usi on made by Price and Gatman in
1967 that the invol venent of higher centres in deter-
m ni ng post exposure TISis an artifact, smth and
Loeb in 1968 report simlarly. In their experinent

al so the subjects were given a paper and pencil task.

Nonet hel ess one cannot overl ook the other side of
thecoin. It is an already stated fact that the diffe-
rences in test results arise due to factors such as:

1. Met hodol ogi cal discrepencies (Hsh and Ward, 1952y
Loeb and Fl et cher, 1963y and Many nore).

2. The type of nental problemper se, subjects were
exposed, smth and Loeb in 1968 and Capps and Col | i ns
1965 state that the order of difficulty of the nental
task admnistered is a crucial factor in determning
TTS. Taking these two points into consideration one
can still justify the results of Rawdon and smth, 1936,
Vér ni cke and Tobi as 1963; and ot hers, who state in

favour of such a phenonena.

Nevert hel ess the issue of central factor's influence
on the post exposure threshold shift may continue to intrigue
many an experinmenter before any inference is nmade regarding

this topic assertively.



SUMVARY AND CONCLUSI ON

The present study was ainmed at finding out if
there exists any sort of influence of higher centers

on the anmount post exposure threshold shift.

The GSI-16 audi oneter wi th TDH 39 ear phone coupl ed
to a supra-aural earcushion was used. The audi oneter was
calibrated as specified by ANSI 1969. 10 nornal heating
subj ects were chosen. Their pre tone air conduction
thresholds at 4KHz were obtained at first. They were
then exposed to a fatiguing stimulus of 2KHz pure tone
at 100dB HL for 10 mnutes in tw types of situations.
The first tinme they were exposed to the tone under a state
of nental reverie. The second tine they were asked to
sol ve a paper and pencil arithnmetic problem There was
a mnimnumgap of 2 days before the subjects were tested
for the second condition. In both the conditions TTSo

and TTS, at 4KHz wer e neasur ed.

Thus, it can be concluded that:
1. There is no statistically significant difference
bet ween TTE% obtained in the first condition and that

obtained in the second condition.
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2. There is no statistically significant difference

between TTS, obtained in the two conditions.

The results show that there is no role of centra
factors in the amount of post exposure threshold shifts
thus TTs can be viewed as a peripheral phenonena

primarily.

Suggest i on:

It may be worthwhile to think a nore fool proof
nmet hodol ogy to carryout this experiment which at this
stage seens to be the major hurdle in solving this

age ol d eni gna.
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