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| NTRCDUCTI ON

It is a property of ail sensory systens that exposure to
a stimulus of sufficient duration and intensity produces changes
i n the responsi veness of the system some changes occur during
t he presentation of the stinulus and sone are apparent after
the end of the stimulus (Eg. Shift in thethreshold). such effects
are much less nmarked in the auditory systemthan they are in the
vi sual systemal though | arge threshold shifts are often observed

after exposure to stimuli of very high intensity (More, 1977).

Tenporary changes in auditory perception induced by
acoustic stimulation have been studied by scientists only for
t he past 120 years (Ward, 1973). Victor Wbantschitsch (1881)

di scovered t he phenonenon*

The decrease of sensitivity after exposure to acoustic
stimulation has been called 'auditory adaptation*, 'auditory
fatigue', 'acoustic trauma’ and the nore neutral 'tenporary
threshold shift' (Here after referred to as TTs). some investi-
gators interchangeably use all the words except acoustic trauna,

wher eas sone ot hers di scrimnate anong them (Ward, 1965).

Hood (1950, 1972) has distingui shed between auditory adap-
tation and auditory fatigue and has enphasi zed that these are
two quite distinct processes. The essential feature of fatigue
is that it 'results fromthe application of a stinmulus which is

usual |y considerably in excess of that required to sustain the



nor mal physi ol ogi cal response of the receptor, and it is
neasured after the stinulus has been renoved' (Hood, 1972).
So, auditory fatigue is nore properly referred to as post -
stinmulatory auditory fatigue and the neasure used is called
TTs (tenporary threshold shift). The nost common i ndex of
auditory fatigue is the TTS. Adaptation is a special case

of fatigue (Harris and Rawnsl ey, 1953).

Bri ef exposures to intense noi se can produce a tenporary
hearing | oss or threshold shift, and after a period of rest
the ear will regainits former sensitivity. A good exanple
Is the reduction of auditory sensitivity for several hours
after conpleting a flight in a noisy airplane (Newby and Popel ka
1985) .

Hearing tests before and after noi se exposure reveal the
exi stence of TTS or the anmount of reversible reduction in hear-
ing sensitivity. ATTs is totally reversi bl e when t he noi se
ceases and sufficient tine has el apsed for the ears to recover.

(Li psconb, 1974).

In the past few decades, a great deal of hearing research
has been directed toward t he phenonenon of auditory fatigue
(Ward, 1963, 1973). Thi s phenonenon has been studi ed nost
frequently wth the TTS paradi gm

TTS is the nost studied after effect of auditory stimula-

tion (Babighian et al, 1975).



Definition of TTs:

TTS is defined as a reduction in hearing sensitivity
resul ting fromexposure to noi se* provided that thresholds
return to pre-exposure levels with tine (mnutes, hours or days)
after cessation of the aoise (Rntlemann et al 1972). The
nost appropriate TTS neasurenents are those actual |y obtai ned

2 mnutes post exposure.

TTS refers sinply to the transitory changes in hearing
sensitivity induced by a fatiguing stimlus (Hunes and Bees,

1978) .

TTs is defined as the difference in the threshold of
audi bility measured before and after an individual has been
exposed to sounds w th known physical characteristics (corso,
1967). It is atransitory phenonena and the shift in threshold
returns to its pre-exposure level in the absence of sound wth
inamtter of hours usually. Generally it is elevated or
decreased sensitivity. To describe the amount of TTs produced
by a particul ar exposure to sound, we specify the anount of
threshold shift, that is present 2 mnutes after the end of

exposure (TTS,).

Auditory fatigue is a tenporary change in threshold sens-
tivity follow ng exposure to another auditory stinulus (Vard,
1963). The nost common index for auditory fatigue is the TTS,
whi ch, indicates any post stinulatory shift in auditory thresh-

old that recovers over tine (Ward, 1963).



It is usually estimated by first determning the nornal
threshol d, then exposing the ears to fatiguing stimlus and
finally finding the post-exposure threshol d. The difference
between pre- and post - threshold defines the severity of the
fatigue (Elliott et al, 1970).

Need for neasuring TTs:

There are 4 major ways to study the effects of exposure

to intense sound on the ear.

1) neasure the shifts in behavioural auditory thresholds.

2) measure the loss of cochlear and other related physiol ogical
potential s.

3) examne the organ of corti in the inner ear for anatom ca
injury.

4) examne the inner ear with histochemcal or quantitative
chem cal methods for evidence of biochemcal alterations
(Benitz, et al, 1972).

Such experiments have been done primarily because we are
interested to know about the permanent threshold shift (PTs)

or noi se induced hearing loss (here after referred to as NI HL).

According to Axel sson and Lindgren (1978), there are
principally 4 different nethods to establish a possible relation-
ship between noi se exposure and subsequent hearing | oss. There
are: -

1) determnations on the basis of sound |evel neasurenents and

their relations to established damage risk criteria.



2) histologically confirmed inner ear changes after exposure.
3) the finding of permanent sensory neural (SN) hearing |oss
after exposure, preferably including tests at extrenely

hi gh frequencies.

4) the existence of tenporary hearing |oss after exposure.

The practical significance of TTS (according to Corso,
1987) is that numerous data have suggested that TTS i s appro-
Ximately linearly related to the permanent threshold shift
I nduced by exposure to high levels of noise. Al so,'danage
risk criteria’ (DRC) for noiae exposures may be specified for

acriterion TTS.

Such reconmendations vary according to the specific charac-
teristics of the noise environment, but are derived from3
basi ¢ postul at est -
1) TTs, is a consistent neasure of the effects of a single
day's exposure to noi se.
2) Al exposures that produce a given TTS- are considered equally
hazar dous.
3) There is a quantitative relation between TTS- and the perna-

nent shift after 10 years of exposure.

In general, any exposure to sound which produces a TTS-
t hat approaches or exceeds 40dB i s capabl e of producing a perma-

nent inpairnment in hearing sensitivity.

The study of TTs is of theoretical and practical interest

t o audi ol ogi sts because.



1) The simlarities between TTS, auditory adaptation and PTS
I ndicate that the anatom cal and physi opat hol ogi cal
processes which underlie themmay be differentiated only
quantitatively (Derbyshire and Davis, 1935; Davis et al,
1950; Shim zee et al, 1967, G sselsoa and s@ ensen, 1959;
S@rensen. 1959; Tonndorf et al, 1955).

2) TTS may be used effectively to study auditory fatigue and
rel ated phenonena, because in contrast to adaptation - it
permts post stimulatory study, and in contrast to PTS -
It does not pre suppose pernmanent danmage.

3) TTS measures are anong the inportant auditory tests perfornmed
to assess SN hearing | ess, and

4) A series of clinical studies on TTs have attenpted to eval uate
the predictability of NTHL and to state sonme damage ri sk
criteria (Ward, 1970) (Babighian et al, 1975).

TTs can be used to predict the succeptibility of any indi-
vidual to noise induced permanent threshold shift (N PTS)
(Newby and Popol ka, 1985).

O the several nmethods for identifying those noi se exposures
that are likely to cause permanent el evations of hearing thresh-
olds, theone that is presently best accepted (Kryter, Ward,
MIler and El dredge, 1966) is based on the reasonabl e assunp-
tion that those noi se exposures producing only slight TTs in
a group of normal ears will produce only slight PTSs after many

repetitions of the exposures (Botsford, 1971).



Tenki n (1933) suggested that the neasurenent of the tenpo-
rary change in hearing sensitivity following a brief and node-
rately intense acoustic over stimulation provided a sinple and
valid estimate of eventual PTS incurred fromnore severe expo-
sures to loud sounds. That is why we neasure TTs. Despite
consi derabl e research efforts, the relationship between TTs and

PTS remai ns far from sinple.

According to weissing (1968) 'Measurenent of threshold shift
represents an el egant nethod of obtaining information about the
damagi ng effects of noise upon the ear'. The nost recent clinica
interest inthe topic is derived froma suggestion that (Peyser
1930 and Tenpkin 1933) one m ght be abl e to predict individual
susceptibility to permanent danmage fromhigh intensity sound by
means of individual difference in the TTs produced by a nuch | ess

| Nt ense exposure.

The reduction of auditory fatigue wi thout the use of protec-
tive hel mets can apparently be used as an objective way of eval uat-
ing their efficacy. Two studies, one in an industrial, the other
in a laboratory environnent showed that for the sane noise the

val ue of the helnets differed (Duclos, et al, 1984).

TTS can be used to study the efficacy of ear protective

devi ces (EPD) or hearing protective devices (HPDs).



Factors affecting TTs:

The production of TTs i s dependent on many factors. |f
a steady pure tone is used frequency intensity and duration
are inportant. |In case of noise, bandw dth, intensity and
duration are inportant. If inpulses are used rise time, nunber
of inpulses, rate of inpulses. Peak intensity are inportant.
The TTs producing stimulus is interrupted, then TTs produced

I's | ess when conpared to the continuous stinul us.

There are 5 major factors which influence the size of the
TTS:
1) exposure time or the duration of the fatiguing stimulus.
2)recovery time or the time between cessation of the fatiguing
stimul us and the past exposure threshold.
3) exposure frequency or the frequency of the fatiguing stimulus.
4) exposure SPL or the intensity of the fatiguing stimulus.

5) Test frequency.

If the stinulus is intermttent, interruption rate and for

I mpul ses pul se repetition rate are also contributing factors.

M scel | aneous factors that affect TTS are interactive effects
resting threshold, latent and residual effects, Vitamn-A salt,
oxygen, vibration, drugs and | evel of consciousness, sex, age,
experience, articulation, acoustic reflex threshold, central
factors, binaural versus nonaural presentation of the stinulus

etc.



The range of individual differences in the amount of TTs
produced by specific exposure to pure tone. Noise etc. is

qui te | arge.

Ward (1973) hag descri bed several types of TTS. Utra
short termTTs (residual masking), short-termTTs (Low | eve
adaptation), sensitization or facilitation, ordinary TTs
(physi ol ogi cal fatigue), long lasting TTs (Pathol ogical fatigue -
not conpl ete by 16 hours).

Ear difference in auditory fatigue has been reported
(Qorig and Rogers, 1965; Ward, 1967; Jerger, 1970; weil er,
1974) .

The psychoacoustic literature on TTs provides little

informati on about ear difference in TTs for nonaural stimnulation.

Several studies do, however, consider the conparability
of nmonaural and bi naural TTs exposures upon nonotical | y measured
TTS. There are studies on I TS due to | ow frequency versus hi gh

frequency, sex differences in TTs etc.

Statenment of the problem

The present study is ainmed at studying if there is any ear
difference in tenporary threshold shift produced by nonaur al
stinmulation at equal intensity levels and for equal duration

of exposure.
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Hypot hesi s:

There is no significant ear difference in TTs produced
by nmonaural stinulation at equal intensity levels and for

equal duration of exposure.

| npl i cations of the study:

1. It provides information regarding TTs for nonaural stinulation.
2. It provides infornation about TTs at 2KHz for nonaur al

stinmul ation.
3. It provides information regardi ng presence or absence of

ear difference in TTs for nonaural stinulation.

Limtations of the study:

1. The fatiguing frequency used was limted to the | ow
frequency, i.e. 1KHz only.
2. Only a small popul ation was tested.

3. The age range was |imted.

Definitions of the terns used:

Tenporary threshold shift (TTs): Refers to an elevation in the

threshol d of hearing which recovers gradually follow ng the noise

exposure.

TTSs: Tenporary threshold shift neasured as soon as the fatiguing

stimulus i s ceased.

TTS,.: Tenporary threshold shift obtained after 1 mnute of

exposure recovery tine.
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TTS,: TTS measured after 2 mnutes of recovery tine.

Monaural stimul ation:

when the stimulus of a particular frequency at a particul ar

intensity is presented to one ear only.

Ear difference:- Wen normal hearing subjects are asked to

recall or identify dichotically presented stimuli, they show
a greater degree of accuracy for sounds presented to one ear

over the other.

Here, ear difference neans the difference between the
amount af TTS seen in right ear and | eft ear when normal hear-
ing subjects are exposed to pure tone of relatively high inten-

sity nmonaurally.

Fatiguing frequency: The frequency at which the ear was exposed

continuously to produce the fatigue.

Fatiguing stimulus: The acoustic stinulus used to produce auditory

shift in threshol d.

Test frequency: The frequency at which the threshol ds were

determned after the ear was exposed to fatiguing stimulus.



REM EW CF LI TERATURE

The problemof auditory fatigue is still vexed with un-
certainity and controversy. The problemarises fromthe fact
that so many of the relevant paraneters are interactive so
that experinmental results are difficult to generalize how

ever precisely determned they are (Ward, 1963).

Auditory fatigue is one of a nunber of terns used to
descri be a tenporary change (usual ly but not always, a decrease)
in threshold sensitivity follow ng exposure to another auditory
stimulus. This is due to the appropriate neural elenents either
are tenporarily incapable of being fired, or at |east are

refractory (require nore energy before respondi ng).

Auditory fatigue (AF) is atine linked process. AF grows
with duration of exposure and di sappears as a function of

time since exposure.

The nost comon index for auditory fatigue is the TTS
Wi ch has generated a nunber of interesting investigations
bot h experinental and clinical and perhaps been the nost studied

after effect of auditory stinmulation.

Both t he pernmanent and tenporary effects of noise on the
human auditory systemare variable (Humes, 1980; Ward, 1973;
Robi nson, 1976) and this is true even when t he physi cal charac-

teristics of the noi se exposure are held constant. This
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variability in noise effects inplies that noi se may interact

with other variables to produce its effects on hearing.

The basi ¢ scheme for neasurenent of TTS:

Y

(3
Level

T ¢t

__.‘7
lime —»

1
T

T = duration of the fatiguing stimulus

t = duration of a pauce

—
I

duration of the test stinmulus.

duration of the total test cycle.

A TTS arousing stimulus is presented for a period of
time T. Then the test stinmulus of duration T is presented

at atinme 't' after cessation of the TTS arousing stimul us.

Many studi es have shown the relation of sound paraneters
such as duration, intensity |l evel, repetition rate, acoustic

spectrumetc. to TTS.

TTS decreases after term nation of noi se exposure. How
ever, in many subjects, a substantial TTs coul d be found even
after 25 mnutes and nore after termnati on of noi se exposure.

(Axel aaon and Li ndgren, 1978). Recovery fromTTs is faster
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at first and slower later. That is recovery fromTTSis a

i near function of the logarithmof tinme follow ng the cessa-
tion of stimulation. But Luscher and Zw sl ocki (1949) and
Rawnsl ey and Harris (19S2) reported that in short-t termTTS,

t he recovery seens to be linear in tine rather than in the

| ogarithmof tine. Ward (1960) has shown that in the case
of higher |evel exposures giving riseto TTS in the region
above 40dB. The recovery process is no |longer |ogarithmc
with time, but occurs at a steady rate of about 0.012 dB/

m nut e (Tenpest, 1985).

If the TTS, is | ess than about 40dB, conplete recovery

can be expected in about 16 hours.

Epstien and Schubert (1957) and ot hers have shown t hat
the log-time function for recovery is simlarly obtained after

stimul ation by pure tones.

The recovery process is relatively independent of test

f requency.
Production of TTS i s dependent on many factors.

Pure tone produces nore TTS than noi se. Continuous expo-

sure causes nore TTS than intermttent exposures.

TTs is a linear function of the | ogarithmof exposure
tine (Ward et al 1950) i.e. TTSgrows linearly with the | ogarithm
of tine (Hood, 1950). At |owfrequencies, the |longer the noise

Ison, thenorethe reflex relaxes, so, the greater the effective
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| evel reaching the inner ear. The TTS increases as the expo-

sure tinme increases.

No clear cut relationship between the anmount of TTs and
duration of exposure (fromO to 250 m nutes). (Axelsson and

Li ndgren (1978).

TTs generally grows with intensity of fatiguing stinmnulus.
(Ward, 1963; Ward, 1965; Axel ason and Lindgren, 1976; Moore,
1977).

Doy (1970) said that in the region of 30 mnutes to 2 hours,
noi se bands yield approxi mately one nore dB of TTS, per each dB

i ncrease in | evel.

Davis et al (1950) noticed that TTS observed for 130 dB SPL
noi ae was | ess than TTs for 120 dB SPL. Hi s observati on was
confirmed by Trittipoe (1958), MIler (1958), and Ward (1962).
The nost |ikely explanation for this mght be that the node of
vibration of the stapes may change at high | evel s, a change t hat
I's inturn produced by the maxi numcontraction of the mddle ear

nuscl es (Bekesy, 1949).

The frequency range in which TTs occurs depends on the
stimulus. |In case of broad band noi se, the maximal TTSw ||
be seen at 3000- 6000Hz range where as in case of pure tones
and narrow band noi se maxinum TTS i s observed at a frequency

hi gher than that of a TTS producing sound i.e. froml/2to 1



and 1% octave higher (Ward, 1965). TTs apparently invol ves
areas on the basilar nenbrane. At |ow produced at the stinu-

| ation maxi mumeffect is produced at the stimulation frequency,
| ess at adj acent frequency. Wth the increase in intensity,

t he high frequencies are nore affected than the | ower (Vérd,

1963) .

The range from 3000 to 6000Hz. is nost susceptible to
TTS (Rntlemann et al, 1972).

MIlls et al (1983) found that maxi mumTTS observed for
noi se of 63, 125 and 250Hz (| ow frequencies) were in the

frequency regions of better auditory sensitivity.

I n general the higher the exposure frequency upto to
4-6Hz, the greater the TTS produced (Vard, 1963; Al bert, 1979).
G eater TTs are produced by pure tones than by noi se bands
at frequenci es bel ow 2KHz, because noise is a better stinulus
for sustained m ddl e ear nuscle contracti on which protects
the cochlea. Intermttent exposure produces fairly conpl ex
results. For high frequency sounds the amount of TTS produced
Is proportional to the total length of tinme of exposure. For
intermttent | ow frequency sounds, the amount of TTS produced
I s | eas because of the mddle ear nuscle activity. Wile the
hi gher frequencies at and above, 3000CPS are resistant to TTS
for only about 2 m nutes 1000CPS shows no TTs upt o approxi nately

15 m nut es of noi se exposure (Carso, 1967).

Ward (1966) said that TTs of a magnitude | arge enough

to bereadily noticed by a |istener, often after only, 1 or 2
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hours of exposure to pop nusic, should, however, serve as a
warning to those affected by the possibility of damage of

their hearing, if such exposure is repeated frequently.

"TTS or 'auditory fatigue' being a vast area, the
review of literature has been done only on sone sel ected areas

which are relevant to the present study.

Ear difference in TTS:

During the past fewyears, nmuch attenti on has been devoted
to the study of ear difference in the processing of auditory

stimuli (Davis and Wiler, i978).

If theauditorytests consistingof nelodies are presented
dichotically, the score for the left ear is higher than that
for the right, so, in nonverbal perception, tha role of right
and | eft hem spheres is different than that of speech. (Kinurs,

1964y King and Ki nura, 1972).

In 1970, spellacy and Bl unstein reported data which
suggest ed t hat when nornmal hearing, subjects are asked to
recall or identify dichotically presented stimuli one ear was
said to performover the other. Gher studies have shown that
when the stimuli is long, the right ear beconme dom nant
(3hankwei | er and studdert Kennedy, 1967; Kinura and Foeb, 1964).
Left ear appears to be domnant ear when the stimuli are not

conpl ex | anguage sounds (Kinmura, 1964; Curry, 1967). Wen the
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I nput is nonverbal left ear is found to be superior in a dichotic
listening task. (Kinura, 1964; 1967; Chaney and Webster, 1966;
Bryden, 1967; Curry, 1967; 1968; Murphy and Venabl es, 1969;
Gordon, 1970; Spellacy, 1970), and R ght ear for verbal stinuli.
These findings are said to reflect differential roles of the

2 hem spheres, since each hem sphere perceives better input

fromthe contral ateral ear (Kinmura, 1967).

Ear difference in auditory fatigue has been reported by
many i nvestigators. On the other hand, sone investigators did

not observe any ear difference in TTS.

Wl dron and McNee (1963) conducted a study to find out
‘do the left and right ears of an individual experience the
sanme degree of threshold shift and recover at the sane degree
when subjected to white noise of relatively high intensity

| evel s'. Results indicated that the answer is in the negative.

dorig and Rogers (1965) found that right ear was better
In high frequencies and I eft ear in the | ow frequenci es when

TTS was nmeasured after exposure to noi se.

Ward (1967) pointed out that the same ear may al so
exhibit different susceptibilities to different frequency

bands.

Urich and Pinheiro (1974) randomy sel ected 14 teenagers

who wer e exposed to long hours of highly anplified |Iive rock
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and roll sessions. They obtained the hearing threshol ds of

t he subjects before and 30 m nutes after each rock and rol
sessi on (250-8000 Hz frequency range) the sound pressure |evels
were rangi ng from90-115dB at vari ous positions around the
stage. The | oudest range of the spectral distributions was
from75Hz to 1200HZ with a slight peak between 300Hz to 600Hz.
When t he post -exposure thresholds for first and | ast sessions
were statistically conpared, the left ear showed a significant
increase in TTs at 4KHz for the last session and a significant
decrease in TTs at 500Hz and 1KHz. The right ear had signifi-
cantly greater TTS at |KHz and at 4KHz for the | ast exposure
with an increnment in threshold shift apparent at all test

f requenci es.

Jerger's (1970) study showed simlar differential effects

inthe TTs in the 2 ears of the perforners.

Jerger and Jerger (1970) neasured the auditory sensitivity
of 2 groups of rock and roll rmnusicians before and after (wthin
one hour) the concert. They found that the pre- and post expo-
sure sensitivity was fairly normal, but 14-15 years ol d nusici ans'
post exposure audi ogram showed substantial TTs at hi gh frequencies
especially in the left ear. Overall sound pressure |evel was
100- 116 dB SPL.

Wiler et al (1974) investigated the hearing of teenagers

who voluntarily exposed thensel ves to repeated session of |oudly



anplified pop nusic. Hearing threshol ds were neasured before
and 30 mnutes after exposure for 8 weekly sessions of rock
and roll music with an average SPL (Sound Pressure Level) of
110dBto 115dB. Significant TTs were found in all subjects,
especi ally high frequencies. The exposure had differenti al

effects on the ears at the sane test frequency.

The | eft ear Showed a significant increase in TTS at 4KHz
for the last session and a significant decrease in TTs at
500Hz and 1KHz. The right ear had significantly greater TTs
at 1KHz, and at 4KHz for the | ast exposure with an increnent
in threshold shift apparent at all test frequencies. The average
TTS was greater at 250Hz and 500Hz in right ear. The left ear
had nore TTS that right ear at 1KHz and 2KHz and the right ear
had nore TTs at 4KHz and 8KHz than |l eft ear. The projset
followed the subjects through a series of weekly exposure to
rock and roll nusic. Mean right ear TTs was greater for the
final exposure at all frequencies, |left ear TTS for the fina

session only at frequenci es above 2 KHz.

There is no ear difference as far as TTS and its recovery
are concerned (Bishnoi, 1975). He used 2KHz tone as fati gui ng
stimulus at 80dB and neasured TTS at 4KHz.

Axel sson and Lindgren (1977) found a clear difference bet-
ween the right ear and left ear in that the left ear was better

I n high frequenci es.
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Sreemathi (1981) studied ear difference in TTS at 1KHz and
4KHz (500Hz and 2KHz tone were used as fatiguing stimuli at
120 dB SPL) and found that there is no significant difference

in TTS between | eft ear and right ear.

@Qinja (1984) studied ear difference in TTs for binaural
stimulation at equal intensity |levels and for equal duration
of exposure at 4KHz and 8KHz. Results showed that there were
a significant differences in TTSy, and TTS, at 4KHz and no
significant differences between 2 ears at 8KHz. She expl ai ned
the significant difference observed at 4KHz as it m ght be
due to the influence of crossed olivo cochlear bundle. The
action of the efferent auditory systemappears to be nore intense
inthe right ear than left ear during binaural stimulation as
t he subjects showed greater TTS in the right ear than the | eft
ear. Q@unja (1984) she explained the absence of ear difference
at 8KHz in terns of Dayal's (1972) observation that the crossed
ol ivo cochl ear bundl e has no effect on the adaptati on nechani sm

at high frequenci es.

Urich and Pinheiro (1974) tried to explain their finding
l.e. intheir study on TTs they found that the average TTs was
greater at 250Hz and 500Hz in right ear. The left ear had nore
TTS than right ear at 1KHz and 2KHz and right ear had nore TTS
at 4KHz and 8KHz than the left ear. According tothem'it is
difficult to determ ne the reason for such difference in suscep-

tibility. One can hypothesize that the m croscopi ¢ physi cal
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variations between the 2 ears in the positions or angle of the
cochl ear duct relative to the oval w ndow coul d be responsi bl e.
Such a difference mght cause the fluid pressure waves in the
inner ear to stress the sensory structures at slightly different
points'. In their study, while the nmean right ear TTs was
greater for the final exposure at all frequencies, left ear TTS
for the final session was greater than after the 1st session only
at frequenci es above 2KHz. Part of the explanation for this result
mght be that the left ear suffered nore initial TTS than the
right ear in the low frequencies. The snmaller TTS after final
exposure mght indicate that the inner ear had al ready under gone
physi ol ogi cal changes so that lateral inhibition along the
cochlear partition was affected, naking hearing appear nore sensi -
tivetoclinical testing. The nmean left ear TTS at 1KHz was
initially greater than that of right ear at the sane frequency,
with the higher frequencies in the md | ower basal turn of the
cochl ea greately depressed, the inner ear response to | owner
frequencies farther along the basilar nmenbrane m ght have bean

protected or leas inhibited by |ateral inhibition.

In 1976 Wil er, Delast and Carm chael reported significant
ear difference using a binaural, sinultaneous dichotic adaptation
technique. Theright and left ears yielded 3 and 6dB of adapt a-
tion respectively to a 500Hz adapting tone at 60dB SPL.

Davis and Wil er (1978) found auditory adaptation in both
t he ears usi ng nonaural heterophoni c bal ance techni que. Left ear

showed significantly | ow adaptati on.
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B naural and nonaural stimulation in TTs:

Di chotic exposure to certain acoustic stimuli at high inten-
sity levels results in reduced post exposure threshold shift (TTs)
relative to nonoti e exposure to the sane stimuli. (Hrsh,1958;
Loeb and R opel |l e, 1960; Ward, 1965; Karlovich et al, 1972
Karlovich et al, 1974).

Mel ni ck (1967) neasured nonaural TTs follow ng 2 m nutes
of exposure under 3 condition of presentations; nonaural, binaurally
I n phase and binaural ly out of phase by 180'. TTS was greater

for nonaural than binaural exposure conditions.

Qui ot (1969) conpared the TTss produced by exposure to pul sed
nmonaural and pul sed alternate binaural high Intensity stimuli in
7 subjects/?gﬂnd that all showed greater TTS for nonaural exposures
than for binaural except in 3 cases. He explained this interns

of mddle ear nuscle activity.

Shi vashankar (1976) studied the differences in TTS between
nonaur al and bi naural exposures to high frequency tones (2, 3,
and 4KHz) at high intensity | evels (126dB SPL) for equal duration
of tinme. It was found that there was no significant difference
in TTs between nonaural and bi naural exposure. This could be
attributed to the action of henol ateral olivo cochlear bundle
whi ch m ght inhibit the responses of the higher centres, as crossed
ol i vo eochl ear bundl e does not play a role in the adaptation

mechani smat hi gh frequency. (Dayal, 1972).



The TTS reduces in the presence of contral ateral stimla-
tion due to efferent action (Cody, and Johnstone, 1982, S nha
1984). In coatralateral stimulation efferent action is present
whereas in nonaural stinulation no efferent action wll be there.
This mght be a possible reason for reduced TTS for bi naural

stimul ati on.

Ward (1965) postulated that the acoustic reflex is stinu-
| ated by the | oudness rather than by the energy of a signal and
so decided that TTS ought to be | eas for binaural stinulation
than for nonaural stinulation. He reasoned that the sumred
| oudness woul d produce greater contraction of the mddle ear
muscl es and thus woul d afford greater protection fromany given
hi gh 1 evel of noise and this difference is nore at | owest frequen-
cies. He also suggested that the other influences mght |ead
toasimlar effect and listed efferent and cochl eo - cochl ear
pat hways as possibilities. S mons' (1965) study on simlar
lines confirmed the liklihood that nuscle contraction is the

effective reason.

Sex differences in TTs: Studies of difference betwen nal es and

females in tenporary noise effects are scarce.

| f one exposes nornmal hearing college students of both
sexes to the sane noi se, the nman and wonen dhow equal TTS (\Ward,

et al. 1959).

Several studies have shown that wonen have better hearing than
men, even when the noi se exposure has been equal in 2 groups

(Kylin, 1960; D eroff, 1961).



Loeb and Fl etcher (1963) found no significant difference
bet ween nmal es and fenal es in anount of TTS at 4KHz, but dis-
covered a greater anount of TTS in fermales at 2KHz whi ch was
statistically significant. Fromthe mddle ear nuscl e refl ex
activity studies Ward (1966) suggested that fenal es have nore
efficient m ddl e ear nuscles than mal es. He observed t hat
femal es showed | ess TTS than nal es when exposed to a | ow frequency
band of noi se. But when a high frequency noi se was used fenal es
di spl ayed greater TTS. |In contrast, shallop (1967) using
| npedance change as a dependant variable, did not find any
di fference between nal es and fenal es, when the m ddl e ear nuscl es

were activated by a eontral ateral acoustic stinulation.

Ner bonne and Hardick (1971), Karlovich et al (1972) also
reported aa absence of the significance difference in TTS
magni t ude between nmal es and fenal es, however, the forner reported

a faster recovery rate in fenal es.

Smtley and Rntlenman (1971) did not denonstrate any diffe-

rences between the man TTS in men and wonen in their study.

There is no difference either in the initial magnitude of TTS

or inrecovery fromit in the nale and femal e group (Bishnoi, 1975).

Axel sson and Lindgren (1978) reported that nale |isteners
have a broader range of TTS affecting all frequencies froml to
8KHz while fermale listeners ereonly affected at 3, 4 and 6KHz.

At all frequencies nales had nore TTS than the fenal es.
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There is no significant difference between the nal e and
female group with regard to the nmean TTs at 2KHz and TTs at
4KHZ (Zakaria, 1980). sreenathi (1981) studied sex difference
in TTS at 1KHz and 4KHz and found that there is no significance,

difference in TTS between nmal es and f enmal es.

Axel sson and Lindgren (1981) found frequency specific
di fferences between mal es and fenmales in TTS. Fenal e di scot heque
patrone experienced nore TTS at 3 and 4KHz than did mal es.
Mal es exhibited TTS at all frequencies tested (I-8KHz) while
femal es exhibited TTS only between 3 and 6KHz.

Chermak et al found gender difference in TTS nmeasures with
repeat ed noi se exposure. Under these conditions of cunulative
noi se effects fenmales reveal ed greater TTs at 4KHz than did the
mal es. This difference nay be due to hornonal differences
(Dengerink et al 1984). Dengerink et al (1984) found that fenal es
using oral contraceptives showed greater TTs at 4KHz than nal es
or fenal es who do not use cral contraceptives. D fference in

TTS between nal es and normal |y cycling fenal es were not observed.

Petiot and Parrot (1984) did not find any significant sex
differences in auditory fatigue at either 4KHz or 6KHz \Wen
TTS was induced by a 20 m nutes exposure to conti nuous pi nk noi se
at 105 dS (a) transmtted through ear phones. However, the nean

recovery rate appeared to be higher in wonen than in nen at both
frequencies and it was significant at 6KHz.
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There is no significant difference in TTS anmong nal es
and fermal es, however mal es showed greater amount of TTS as
conpared to females. There is no significant difference in
rate of recovery anong nal es and fenal es, however fenal es

showed faster rate of recovery than males (N gam 1987).

Physi ol ogi cal correl ates of TTS:

Many authors state that auditory fatigue is a peripheral
or cochl ear phenonena based on the result that very |oud

sounds produce histologically verifiable cochl ear damage.

The basi ¢ nmechani sns involved in auditory fatigue are

noat probably associated with the organ of corti.

Very few studies have attenpted to determ ne the underly-

i ng physi ol ogi cal basis of auditory fatigue (Ward. 1963).

Since TTS is usually frequency specific danage or nal -
function nust be confined to a certain area of the cochl ear
partition, since nore effect is found at frequenci es above
t he stinmulus frequency than belowit, the localized TTS process
Is certainly correlated with tne gross pattern of novenent of

t he Basil ar nenbrane (Bekesy, 1949).

Davis et al (1960) suggested that TTs effects are related
to tenporary damage to the organ of corti. Hood (1950) related

sone of his findings to equilibriumand sonme to pl ace sad
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frequency theories of the action of cochlea. Rosenblith (1950)
tried to formulated a theory regardi ng the nechani smof TTs.

He suggested that TTs is explicable in terns of residual nask-
ing. This theory is supplenented by the work of Van D shoek
(1953),Mler (1958). Hallpike and Hood (1951) concl uded t hat
TTs is associated with subnormal functioning of organ of corti.
Fodor (1942),Jerger (1955) etc. also indicated the inportance
of inner ear in nediating TTS. Hughes and Rosenblith (1957)
have shown that recovery of the cochlear m crophonics exhibits

many simlarities and recovery fromTTs.

In auditory fatigue, there are nmany nechanical, el ectri cal

and chem cal changes occur at or near the hair cells.

Wisteinfeld (1957) studied the size of the hair cells in
the fatigued ears of guinea pigs. He found that with exposure
to high frequency tones nuclei of hair cells in the basal region
swelled to many tine their normal volune and simlarly for cells
in the apical region follow ng exposure to | ow frequency tones.
This was true only for the outer hair cells, nuclei of the inner
hair cells renained nearly unchanged. But Ward (1963) says that
still, we do not know whether they are the basic causesfor
fatigue or are sinply epiphenonena'. Future research shoul d

confirmthis.

Fatigue i s connected with hair cell changes (More, 1977).
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Tobi as (1972) said that one of the physiol ogic responses
to high noise stimulation is constriction of the Veins and
arteries and so, the blood supply of the inner ear region al so
reduces. Lawence et al (1967) concluded that the reduction
of blood supply in the vicinity of the inner ear sensory cells
may account for TTs, which of course may revert to pernanent

damage if the blood supply is cut off for |ong peri ods.

Legoui x and Pi erson (1981) suggested that there are necha-
ni cal , bi ochem cal s, hydrodynam c processes invol ved i n post
stimul atory depression of cochlear potentials. Further, they
stated that the | ocus of both tenporary and pernanent threshold
fati gue or danage appears to be in the hair cells and their

supporting cells in the basilar nenbrane.

Law ence et al (1967), Hawkins (1971) suggested that TTS
i's due to the vasoconstriction of arteries and veins due to
noi se which inturn results in reduced bl ood supply to cochl ea.
In contrast, Perlnman and Kinmura (1962) did not observe any
change in the capillaries in the apical part of the guinea pig
cochl ea during the presentation of |ow frequency tones. More-
over, various facts do not support a causal relation between
vasoconstriction and injury to hair cells. Duvall et al (1974)
reported that damage to the hair cells occur before the changes
in the stria vascularis and Hawki ns (1976) found strial edena
and | oss of suprastrial cells in Chinchillas while no alterations

of thehair cells was detectabl e.
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Anot her aspect of the bi ochem cal changes that occur in
t he organ of corti under the 'influence of noise is the altera-
tion of the ionic content of the fluids and of the hair cells.
M srahy et al (1958) suggested that the acoustic vibrations
coul d induce nodifications in the pernmeability of the reticular
nmenbr ane; | eaving potassiumions to | eak out from scal a nedi a
and bl ock the hair cells and t he nerve endings. Tasaki and
Fernandez (1952) have shown that when the potassi umcontent of
perilynph is increased, cochlear responses are reversibly depressed.
In addition to perneability changes, it is possible that active

transports are al so disturbed follow ng noi se exposures.

In 1963, Wernick and Tobi as reported a central factor of
auditory fatigue in humans. They showed that the TTs, froml ow
or high |evel sound exposures, was nore when the subject was
given a nmental task. The existence of acentral influence on
auditory fatigue was al so observed by Rawson-Smth (1936),
Fricke (1966), Smth and Loeb (1967) etc. However, reports by
Ward and sweet (1963), Sell and stern (1964), R ach and Sheposh
(1964), Capps and Col I'i na (1965) have not been unani nous in
support of the- Wernick and Tobi as' (1963) results, sone of these
aut hors have pointed out that the degree and tine course of TTs
may be affected by the cochl e to-cochlear or olivo cochl ear
audi tory nechani sns. Recent reports indicate that the cochlea is

perhaps not the only site of auditory fatigue (Babi ghian, 1972).
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Babi ghian et al (1975) studied TTS in 8 Kangaroo rates
based on evoked responses and singl e neuron responses. Their
study revealed that there is a central involvenent in audi-

tory fatigue.

Price and Catnan (1967) call central factor in auditory
fatigue as an artifact - 'The effect interpreted earlier as
being the influence of a central factor seens to be procedural
artifact'. Thus, the presence or absence of central factor in

auditory fatigue is still unresol ved.

Promthe reviewof literature on TTS, we can see that
there is no pertinent literature available on ear difference
in TTS for nonaural stimulation at | ow frequenci es and hence
this study has been proposed to be undertaken with the hope

that it mght throw sone light on this area.



METHODOL OGY

Subj ect s:

10 mal e subjects having normal hearing in the age range of
17-27 years were selected fromthe student population of All

India Institute of Speech and Hearing, Mysore.

The subjects selected for the study, had no history of any
ear discharge, sarache, tinnitus, giddiness,headache, brain

damage or exposure to loud sounds.

Al'l the subjects had hearing sensitivity within 20 dB HL
(ANSI, 1969) in the frequencies 250Hz, 500H2, 1KHz, 2KHz, 4KHz,
and 8KHz.

[ nstrument Used:

Grason- St addl er Audiometer (GSI-10) with TDH-50P earphones
with supra aural cushionswas used. The audiometer was calibrated

according to the specifications given by ANSI (1969).

Test environment:

The study was carried out in an acoustically sound treated
roomat All India Institute of speech and Hearing. The anbient
noi se levels present in the test room was below the proposed

maxi mum al | owabl e noise |evels.

Procedure:

Al'l the subjects were screened at 20dB HL in the freﬁuencies
0SS

250-8000Hz to find the presence or absence of a hearing/in both

the ears.
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Threshol ds were established for 2KHz for right ear at
first using a pul sed tone (200/200). The subjects were
exposured to 1KHz tone at 100dB HL in the right ear for 5 m nutes.

*TTS was then determined in the right ear.
1) imediately after the cessation of the stimulus (TTSy)
2) after one mnute of recovery time (TTS,).

3) After 2 mnutes of recovery time (TTS;).

A mninumof 24 hours rest period was given to each subject
and the sane procedure was repeated to obtain TTSy, TTS; and TTS;

ia the left ear.

The data was then anal ysed statistically using 'the Mann-

Wiitney Utest of significance.

*TTS = threshol d at 2KHz after the exposure to pure tone for
5 mnutes - threshold at 2KHz before the exposure to pure

tone for 5 m nutes.



RESULTS AND DI SCUSSI ONS

The results were anal ysed statistically using Mann- Wi t ney
Utest of significance. Tables i(a) and Kb) show the tenpo-
rary threshold shifts (TTS ,TTS, , TTS,) at 2KHz in right ear
and | eft ear respectively. The results show that majority {7
out of 10) of the subjects had higher thresholdsand in the right
ear that in the left ear at TTSL* VIS* and TTS-. One subj ect
showed hi gher threshold™ in the left ear and two subjects showed

equal thresholds in both the ears at TTS, TTS, TTS,.

Tables 2(a), and 2(b), shownean and standard devi ati on for
TTSy, TTS;, TTS, at 2KHz in the right and left ear respectively.
No significant difference between the val ues has been observed
in all 3 conditions.though the nean TTS val ues of right ear were

nore than those of left ear.

Tabl e-3 gives the results of Mann-Witney Utest. |f gives
the values of Ufor TTS, TTS;, TTS, neasured at 2KHz. The
results showthat 'U values for TTS, TTS;, TTS,- neasured at
2KHz are greater than Uvalues given in the table for the test
of significance. The test says that if the U values is equal
toor less than the value in the table. then the null hypothesis

Is rejected at that particular level of significance.

According to theresults obtained fromthe study, the hypo-
thesis! "There is no significant ear difference in TTS produced by
nonaural stimulation at equal intensity |levels and for equal

duration of exposure has been accepted at TTS neasured at 2KHz.
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Thus in the present study, no significant difference was
observed in TTS at 2KHz between the right and left ears for
nmonaural stimulation (1KHz) at equal intensity |levels (100d8 H.)

presented for equal duration of exposure (5 m nutes).
The graphs show nean TTS, TTS; and TTS, in right ear and
| eft ear at 2KHz Respectively.

Tabl e-1(a): Tenporary threshold shifts (TTSy, TTS;, TTS;) at
2KHz in right ear (Fatiguing stimilus - 1KHz at 100dB)

subject 1 2 3 4 5 6 7 8 9 10
In aB

TTS, 13 25 25 15 10 10 25 20 20 25
TS 10 20 15 10 10 10 20 15 15 20
TS, 10 15 15 10 10 10 20 15 15 20

Tabl e-1(b): Tenporary threshold :shifts (TTSy TTS;. TTS,) at
2KHz in | eft ear (Fatiguing stimulus - 1KHz).

subject 4 o 3 4 5 § 7 8 9 10
in dB

TTS, 15 15 10 10 5 20 20 15 20 15
TTS, 10 15 10 5 5 20 15 15 10 15
TTS, 10 5 10 5 0O 20 15 15 10 15

Tabl e-2(a): Mean and standard deviation (S.D) of TTS, TTS; and
TTS, at 2KHz in right ear.

Mean S. D
TTS, in dB 19 6. 15
TTS; in dB 14.5 4. 38

TTS, in dB 14 3.94




Tabl e-2(b): Mean and Standard deviation of TTS, TTS; and
TTS, at 2KHz in |left ear.

Mean S.D.
TTo in dB 14.5 4.97
TTS, in dB 12 4.63
TTS, in dB 10.5 5.99

Tabl e-3: Showing theresults of Mana-Witney - U test.
Val ueof U

TTSo TTS, TS,

1KHz. neasured 29
at 2KHz. 36.5 43

Tabl e value at 0.05 | evel of significance C=27

Tabl e value at 0.01 |evel of significance -19

D scussi ons:

The present study shows that there is no significant diffe-
rence in TTS at 2KHz between right and | eft ear for nonaural
stimul ation using 1KHz pure tone at 100 dB HL presented for 5

m nut es.

Ear difference in auditory fatigue has been studi ed by
many aut hors. dorig and Rogers (1965), Ward (1967), Jerger
(1970), Urich and Pinheiro (1974), Jerger and Jerger (1970),
Weiler et al (1974), Axelsson and Lindgren (1978), Qunja(1984)
have reported significant ear difference in TTS. Wereas
Wl dron and McNee (1963) Bishnoi (1975), Sreemathi (1981),
Qunja (1934) found no significant difference in TTs between the

| eft ear and right ear.
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TTS is considered as hair cell phenonena or due to
tenporary damage to organ of corti (Davis et al 1950; Corso,
1967; Hal | pi ke and Hood, 1951 etc)the existence of a central
i nfl uence on auditory fatigue has been observed by many
aut hors (Rawson-smth, 1936; Wrnick aad Tobi as, 1963; Capps
and Col I i ne, 1965; Friche, 1966; Smth and Loeb, 1967 etc).

The present study agrees with the results of the studies
conducted by Wl dron and McNee (1963) Bishnoi (1975); sreenath

(1981) and others nentioned earlier.



SUWARY AND CONCLUSI ONS

The present study was ainmed at investigating whether there
Is any significant ear difference in TTs for nonaural stinula-

tion at equal intensity level and for equal duration of tine.

The GSI - 10 audi oneter with TDH 50P ear phones with supra
aural ear cushions calibrated according to the specifications
given by AHSI, 1969 was used for the study. 10 nornmal male
subjects were taken for the study. TTSp TTS; and TTS, were
measured in the 10 subjects at 2KHz in the right ear and the
left ear separately after they were being exposed to a fatiguing

stimulus (1KHz at 100 dB HL) continuously for 5 m nutes.

Concl usi ons:

I (a) There was no significant difference in TTSy at 2KHz bet ween
the right and |eft ears for nonaural stimulation using 1KHz
tone at 100d3 HL presented for 5 m nutes continuous exposure.

(b) There was no significant difference in TTS, at 2KHz between

the right and left ears for nonaural stinulation using 1KHz

tone at 100 dB HL presented for 5 m nutes continuous exposure.

(c) There was no significant difference in TTS, at 2KHz between
the right and left ears for nonaural stinmulation when 1KHz

tone at 100dB HL presented for 5 m nutes continuous exposure.

However, in all the 3 conditions najority of the subjects
showed greater anount of TTS in the right ear though it was not

statistically significant.
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Recomendati ons for future research: -

1. Ear difference in TTs at frequencies other than 2KHz for
nmonaur al stimnul ations.

2. Ear difference in TTS for nonaural stinmulation in fenal es
at |ow frequenci es.

3. Ear difference in TTs for nonaural stimulation using narrow
band noi se in both the sexes.

4. Ear difference in TTS for nonaural stinmulation using broad

band noi se in both sexes.
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