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: PREFACE :

A striking characteristic of our century is tbe
rapi d expansion of science. 1In tbe famly of sciences,
Audiology is a young feat lusty infent. It is no |onger
possible for a person to have an up-to-date famliarity
with all the information in this science. Newknow edge
s being brought to light and new fields explored, at a
rate that nmakes it difficult for students to keep ab-

reast of devel opnents in this field.

The purpose of this project work was to coll ect
within a single volune the nore inportant findings ener-
ging out from diverse sources in recent years about

auditory adoptation and auditory fatigue.

The | oudness decrenent during acoustic stimla-
tion is terned auditory adoptation or perstimulatory
fatigue. The tenporary threshold shift has been re-
ferred to as auditory fatigue follow ng acoustic sti-

mul at i on.

Witing a project about auditory fatigue and
audi tory adoptation was a rich, varied, protracted
experience. In such a work decision after decision had
t o nade- deci sions concerning |l evel, style, length
I ncl usi on, excl usion, sequence, organization, approach

keen and even punctuati on.



Totally 7 chapters are there. It contains information

of the mgor findings of those who have studied and presented.

This work will he helpful for the ex-students who have
lost touch with this particular area and also for those who
hPve not had a regular course in the topic. It also lays a
good foundation and a better feedback to a beginner. It also
helps the students to understand the problems, issues and con-

cerns in this area.

An attempt is made to keep the information up-to-date,
but perhaps the desire to do so wastly exceeds the accomplish-

ment.

The assistance of may people in this endeavour deser-
ves acknowledgement. To the extent that the work is clear,
concise, and accurate, | am deeply indebted to Mr. M. N. Vyas
Murthy, for his able guidance.

| take this opportunity of thanking all those who have
been good enough to draw my attention to different aspects of
the topic and those who offered valuable and useful suggestions

and commats with a view to meke the work a success.

| will be highly pleased to receive suggestions from the

readers.
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CHAPTER I

1.1 INTRODUCTION

Ore of the aconmm functional characteristics of all
sensory systems is a redaction in sensitivity following ex-
posure to any stimulus of significant duration and exposure
intensity. For some systems the sensation may disappear com-
pletely. Gustatory and olfactory senses are examples. For
others there is merely a reduction in apparent magnitude or
an increased threshold. Auditory sense is an example. In
all cases such changes are temporary changes as long as the
stimulation does not exceed critical limits, which is the
case of everyday life for most receptory systems.

All our senses tend to become less responsive to sti-
muli after a certain duration of stimulation. Adrian (1928)
and his colleagues have studied the phenomenon in sensory
nerves and in end organs. They used the term 'adaptation’
to describe the gradual settling dom of neural activity as
the stimulus is continued. It seems that the stabilized level
of activity to moderate stimuli as we experience It in peace
ful rural life is a natural phenomenon and represents a
steady state at which the dissipation of energy in the muscular
or neural processes just balances the supply of chemical
energy in the system. If an endorgan that has reached this
adapted state is kept free from excitation for a little while
and then subjected to the stimulus, it responds rather vigo-
rously at the onset and then quickly reaches the adapted state.
The first burst of enhanced activity is knomn as the 'oneffect'
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and it manifests itself very quickly after an exceedingly
short rest.

It is as though a cell of chemcal activity becomes
supercharged in the quiescent state and when put into opera-
tion sets into a balanced state where the energy supplied
to it just makes up for the energy supplied to outside sources.
The conbination of adaptation and oneffect show themsel ves al so
inordinary life in the way we becone accustomed to a steady
continuous background, but are immediately alerted by its
cessation or the arrival of anew sound. Fromthis view
point the cessation of a sound to which the ear has becone
adapted is just the sane as the sudden onset of an equal
but phase preserved sound.

Mat hews (1931) showed the response of the nerves
| eading fromsingle nuscle spindles of the frog in response
to a constant stretching force and it seens likely that the
results he obtained can be considered as representative of
the activity arising in auditory neurons when the cochlea is
stinulated by steady sounds. There was an initial high
rate of discharge, the oneffect, followed by a rapid decline
during the first fifth of a second followed by a slow de-
cline. The decline in frequency of response, or adaptation
rate was found to be nore rapid as the stretching load was
increased. Thus the end organ power of setting upnerve
I mpul ses was found to depend on the duration of the stinulus
as well as onits intensity. Mthews found that after adapta-
tion and removal of the stimulus for a few seconds rest,
reapplication of the stirmilus produced nearly the sane
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oneffect followed by a rapid decline again, in which there
was evidence of a quicker gpproach to an adapted state than
when the ed organ weas excited from the completey re-
freshed state.

If a sense organ is stimulated excessively it is found
that the period of rest required before the nmadnmum sensi-
tivity can be achieved becomes prolonged. We can then say
that the sense organ is ‘'fatigued'. It is difficult to give
a precise definition of the difference between adaptation
ad fatigue, for presumably there is aways a short period
after the cessation of a stimulus during which the sensi-

tivity of a receptor is bdow the unadapted level.

12 DEANITION.

Auditory adaptation is the progressive reduction of
the excitation level of the cochlear receptor when a con-
tinuous stimulus is applied (Moraler-Gariea, Chile 1923).
The loudness decrement is termed auditory adaptation
(Tobias 1970). Auditory adaptation is the process by which
the sensitivity of the sensory sysem is modified due to the
continuous presentation of a stimulus at a constant level
of sensitivity (Corso 1967). Auditory adaptation is the
change in the functional state of the auditory system brought
by an acoustic stimulus or merely a reduction in apparent
magnitude or an increase in true threshold (Eliott ad Frasor
1970). Smdl (1963) operationally defines as shift in some
aspect of the intensive dimenson of subjective experience,
often in the threshold brought about by previous stimulation
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of a sense organ by the same type of stimulus used to de-
termine the threshold. Auditory adaptation can be taken
to refer to any change in the functional state of the

auditory system brought about by any acoustic stimulus.

Auditory fatigue is one of a number of terms used to
describe a temporary change in threshold sensitivity follow-
ing exposure to another auditory stimulus (Wad 1963).
Temporary threshold shift has been referred to as auditory

fatigue, that is, post-stimulatory auditory fatigue(Tobias 1970)

The amount of loudness adaptation is the difference
between the intensity of the post adapted stimulus and the
intensity of the pre-adapted stimulus which produces the same
magnitude of reflex as that of the post-adapted stimulus
(Vyasamurthy 1977).

1.3  DIHFERENCES BETWHEN AUDITORY ADAPTATION AND FATIGUE

These are the two terms which have in the past been

used loosely and synonymously and yet they represent two
entirely different physiological phenomena (Hood 1972). Even
though auditory adaptation and fatigue may occur parallely,
it is important to differentiate still clearly from each
other (Zwidockl ad piroda, 1952; Kietz, 1960; Zwidocki, 1960;
Haood 1950; Dishocek 1954).

It is true that both represent a falling off of the neural
fibre to a sustained stimulus but they do so for entirely
different reasons.

Thus in the physiological sense it can be down that



fatigue is increased in the presence of nitrogen and retarded
by oxygen but uninfluenced by changes of ionic concentra-
tion in the media surrounding the receptor. Adaptation

by contract is little influenced by the presence of either
oxygen or nitrogen but markedly affected by the presence or
absence of certain ions.

In addition there are marked differences in the cha-
racteristics of the time courses of the two phenonena both
In respect of their devel opnent, their recovery, their de-
pendence upon intensity and duration and their frequency
distribution and all these can be shown to have their identica
subj ective counterparts in auditory fatigue and auditory
adaptation (Hod 1972)

The inportant feature of fatigue is that it results
fromthe application of a stimulus which is usually consi-
derably in excess of that required to sustain the nornal
physi ol ogi cal response of the receptor and it is neasured
after the stimulus has been renoved.

Harris and Rawnsley (1953) have said auditory adapta-
tion to be a special phenomenon of auditory fatigue. They
differentiate auditory adaptation and auditory fatigue as
foll ows:

1) In auditary adaptation, the duration of a sti-
nul ation does not have a cunulative effect on the threshold
upto 10 seconds, while In auditory fatigue the effect of
duration are cunulative from30 seconds to 10 m nutes.

2) The recovery curve for auditory adaptation is
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a straight line, whereas the temporal course of recovery
of threshold from auditory fatigue is negative accelerated.

3) In auditory adaptation, the maximal threshold
shift occurs at the stimulus frequency, but in auditory
fatigue, the maximal effect may be a half octave higher.

Auditory adaptation occurs at all intensity, whereas
auditory fatigue was only appreciable for intensity above
a critical intensity (Hood 1950)

Degree of auditory fatigue increases continuously
with the duration axd the intensity of stimulation, or a
balance is not reached until at abnorma sound intensities.
Recovery is slow, it is related to the degree of auditory
fatigue and if the stimulus is strong enough, on irrever-
sible change may result. Pure auditory adaptation quickly
attains a definitive level in relation to the stimulus ad
there is no further increase, the greatest changes takes
place at the stimulus frequency. Recovery is rapid ad
does not depend appreciably upon the amount of auditory
adaptation.

Corso (1967) described auditory adaptation as short
duration auditory fatigue in which the threshold shift is pro-
duced by relatively wesk and brief stimuli and is of short
duration and auditory fatigue which arises from more intense
stimulation and is of larger duration.

Adaptation is less near threshold but Increase at
higher intensity (Hood 1950 and Egan 1959) while auditory
fatigue enhances loudness growth which is the result of hair



cell dysfunction (Davis et al. 1960 and Bekesy 1960).

Thus, it can be said that, evidences available from
the psychophysical data show that auditory fatigue and
auditory adaptation reflect different physiological changes.

1.4  Ward (1973) distinguishes the phenomena commonly in-
cluded under adaptation in two different ways.... whether
they are observed during or after exposure to the acoustic
stimulus (concomtant or residual) and whether they require
one ear (monaural) or two (binaural) for their measurenent.

1.41 Concom tant binaural: perstinulatory adaptation

The first investigation of auditory adaptation of
any sort was that of Dove (1859) who noted, during the course
of a study of binaural beats, that if one ear were exposed
for sometine to a tuning fork, then binaural presentation of
this same frequency would result in perception of atone only
at the unexposed ear. This is adenonstration of what has
now becone known as ‘'perstinulatory adaptation' - a shift in
the lateralization of adiotic tone follow ng a period of
nmonotic adaptation to a steady sound.

1.4.2 Residual binaural: Loudness redaction and tinber change
J.J. Muller (1871) led the sound of a tuning fork to
both of his ears by neans of a stethoscope. Firsta fork of

frequency 'n'" was presented to one ear at the highest Inten-
sity he could master, while the tube to the other ear was
squeezed shut. He then quickly substituted a fork of fre-
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quency n/2 ad then squeezed the 2 tubes one after the other,
so that he was able to listen with the exposed axd non-
exposed ears alternately. Under these conditions, he hed
produced a slight fatigue. By observing change in timber,
Muller demonstrated that in fatigue, the loudness of a wesk
but suprathreshold tone at the frequency of the adapting

stimulus was diminished.

1.4.3 Residual Monaurd: Temporay threshold shift TTS
Victor Urbantschitsch (1881) proved that not only was

loudness diminished, but that absolute sensitivity was also
decreased. He used apparatus similar to Mullers but with

2 completely separate tubes to the two ears. He first mached
the ears of his observer by having hm listen alternately
with the two ears as the tone from the tuning fork gradually
decayed. In case perception disappeared in one ear before
the other, he reduced the sound reaching the more sensitive
ear, either by constricting the tube or by moving the pick-up
ed of the tube further from the fork, until the tone dis-
gppeared simultaneously at both ears. Next he exposed one
ear to alarge fork for 10-15 seconds. At the ed of this
exposure period, he dampad the fork with finger, as ra
pidly as possible, until the tone wes just audible. As soon
as it disappeared, he switched to the other ear, noting howv
mudh longer it was audible in the unfatigued ear.

1.4.3.1 Ultra short term TTS Residual Masking: In 1910
Schulze observed that if one simultaneously sounds a tuning
fork ad a monochord, with the latter so loud that it marks
the former, then if the monodhord is suddenly damped, the
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tuning fork is not heard immediately, but becomes audible
only after a fraction of a second. The tuning fork is masked
by the monochord, the monochord Is turned off. Ye the
tuning fork is still not audible hence this is called resi-
dual masking (Muson ad Gardner 1950). Later it has also
been called forward masking. It is that portion of TTS
that disappears within asecondafter exposure even though

there is probably very little masking involved.

Zwislocki ad Pirodda (1952) study indicates that the
residual masking at some fixed time 't' is proportional to the
S of the fatiguer. The shift is relatively independent
of the duration of exposure frequency, from 100 msec. upto
a fav secs., as long as so the intensity of exposure fre-
quency is low enough that full recovery occurs within half a
second (upto 70 doSAL) ad the cause of recovery is expo-
nential in nature, which means that if one plots the TTS
against the logarithm of the recovery time 't' a straight

line results.

1.4.3.2 Short term TTS low level adaptations This is also
associated with exposure to moderate levels of pure tones.
If the duration of a f atiguer bdow about 85 dbSPl is a minute

or so, then in addition to transitory residual masking, a more

persistent TTS can be measured. The first actual measurement
of such TTS was done by Wdlls in 1913.

Experimentation on short duration TTS established

certain facts:
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1) The TTS is maxi mal at the exposure frequency, with
a reasonably symmetrical spread to closely adjucent fre-
quenci es (Causse and Chavasse 1947).

2) This particular type of TTS is relatively indepen-
dent of the |evel of the fatiguer, upto 90 dbSPL or so,
being nearly the sane followng on exposure at 20 dbSPL
as to 80 dbSL  (Flugel 1920, Hirsh and Bilger 1955; Liele
Reger 1954).

3) The TTS increase with exposure tinme, but by one mn
has essentially reached its maxi mumval ue.

4) Approximately the same magnitude of TTS is produced
by frequencies of about 800Hz. or above (sel domexceeds 150 db),
but at or below 500Hz. little TTS of this variety can be de-
nmonstrated (Causse and Chauasse 1947).

5) The TTS is nuch dimnished if an interrupted test
tone is used instead of a continuous tone and conpletely
recovery oecurs more quiekly. Interposition of a quiet
period between exposure and test reduce the TTS.
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CHAPTER 2.
AUDITORY FATIGUE
2.1 Auditory fatigue and masking:

Both auditory fatigue and masking refer to a reduction
in sensitivity to one acoustic stimulus as a consequence of
another. Inspite of this it cannot be said of them that they are
alike. Their methods of demonstration differ, their under-

lying physiological procedures differ.

Masking is a kind of exception to our ability to ana-
lyze out of a complex sounds the one to which we wish to
attend. It is one way In which a sound affects the audi-

bility of another sound.

Auditory fatigue is another differing from masking in
that a sound has an effect on the audibility of another sound

that follows it in time.

Fatigue is a temporary loss in sensitivity to one stimuli
following exposure to another stimuli. Masking is a loss in
sensitivity to one stimulus during exposure to another sti-
mulus. Herein lies the methodological difference; fatigue

Is sequential and masking is concurrent.

As far as the underlying physiological processes are con-
cerned, it seems clear that, auditory fatigue literally comes
about from a fatiguing of sensory or neural processes. The
acoustic system is either temporarily incapable of responding
or it requires more energy in order to respond. Masking appa-

rently occurs wherever that portion of the acoustic system
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whi ch normal |y responds to one stinmulus is sinultaneously
activated by another stimuli.

Under usual condition the nasking remains fairly constant
so long as the masking sound is constant. Fatigue changes in
time after the fatiguing sound is turned off. Immediately
after exposure to the fatiguing sound the anount of fatigue wll
be maxinumand it will decrease in tine until recovery is indi-
cated by a return to the prefatigue threshold.

Fatigue neasurement nust, therefore, either be speci-
fied for a particular interval of tinme or else be measured
as a function of time, whereas the data on masking do not
need to be specified.

The pehnonenon of masking is an exception to the audi-
tory systenmis ability to anal yze out of a combination of sounds
one sound or signal. But the fact is that we can usually
hear several sounds at once and identify themseparately.

This is only slightly nore remarkable that the fact that the
auditory systemresists fatigue by previous stinmulation,
There are exceptions, however, to this ability also.

Thus a broad band noise may mask a 2000Hz. while it
Is on and al so produce fatigue at 2000HZ. afterwards. In
the case of masking, the sensory elements that normally res-
pond to the masked tone are already being aroused by the
maski ng noi se, to be perceived, the intensity of the 2000Hz.
nmust be raised until its energy is significantly greater
than the energy of the masking in the imediate vicinity of
4000Hz. This is called 'line busy' phenomenon and auditory
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fatigue a 'line dead' situation (Wad 1963). The appro-
priate neural elements either are temporarily incapable
of being fired, or at least refractory in masking. In
masking, then, there is a great deal of neural activity; in
fatigue, there is much less.

2.1.2 Influence of auditory fatigue or masked pure tone
thresholds:

Parker et al. (1976) detected thresholds of 3000Hz,
tone embedded in a 2121-4242Hz. octavgftand of masking noise
or a 6000Hz. tone in 4243-8486 Hz. masking noise before and
after fatiguing noise exposure. Masking noise levels were
varied from 0 to 90dbHI. The fatiguing noise was a 1414-2828
Hz. or a 2829-5658 octave band of noise set at intensities
between 90 and 115 db. Their observations included the
following parts:

1) prefatigue threshold determination

2) 3 min. exposure to Intense noise

3) 90 sec. delay ad

4) post exposure threshold determ nation.
The results which they got are interesting,

Masked tone detection thresholds remained essentially
unchanged fol lowing fatigue if the masking noise intensity
was sufficiently great. At zero and |ow levels of masking
noi se, tone detection thresholds were shifted upward, depen-
ding upon the intensity of the fatiguing noise.

Parker et al. (1976) discusses these results in terns
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of the spread of excitation o» the cochlea, A recruitnent
model for the influence of intense noise on nmasked pure tone
threshol ds can also be used to explain the results.

2.2 Parameters in auditory fatigue:

The experinental literature on auditory fatigue is
di scouragingly large. The unsolved problens greatly outnunber
the established facts. The nost common index of auditory fatigae
Is "tenporary threshold shift'.

The general procedure used i s, a stinulating sound is
turned on for a specified Iength of tine, may be 2 sec. or
30 mn. After it is turned off, the absolute threshold for
the test sound is higher than it was before stimulation is
the anount of auditory fatigue. The ear recovers fromauditory
fatigue and if the absolute threshold is measured at a parti-
cular time, the tine nmust be specified.

In the stimulating tone we can vary the frequency, in-
tensity and duration. Then we can vary the interval between
the cessation of stinulation and the presentation of the test
sound. W can also vary the frequency and duration of the test
sound but not its intensity since this intensity remains the
dependent vari abl e.

The measurenment of threshold shift 2 mnute (TTS2)
post exposure is wdely accepted as a uniformreference for
the tenporally changing threshold and it is comonly used to
describe the TTS produced by particul ar exposure to noi se.

Five primary factors influence the size of the tenpo-
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rary threshold shift:
a) The intensity of the fatiguing exposure ... |
b) The frequency of the fatiguing exposure .... Fe

c) The duration of the fatiguing exposure .... D
d) The frequency of the threshold test signal.. F

e) The time between cessation of the fatiguing exposure
and the post exposure threshold determnation.. we can call
this period the recovery interval. =~~~ . RI

The basic schenes for neasuring TTSis illustrated in
Fig. I A TTS arousing stinulus is presented for a period of
time "T'. Then the test stinulus of duration'T is presented
at atinme 't' after cessation of the TTS arousing stimul us.
|f the testing is repetitive, then the duration of the total
cycle is fromonset of the TTS arousing stinulus to the onset
of the next is designated as 't ' .

| n sone cases, not all these parameters are inportant.
In studies of the nore long lasting effects, 't' is nade |ong
enough to guarantee conplete recovery. The size of these
in these studies is significant only in so far as the neasured
threshold is dependent on duration of test signal (2w sl ocki 196 ).
Went is several min. t+v is so nearly equal to 't' so the

recoverytimet+vist or t+v.
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2.2.1 Intensity of the fatiguing stimulus.

In general, more intense the stimulating sound, other
things being equal, the greater is the auditory fatigue at ay
instant ad the longer it will last.

Three ranges of intensities are of particular interest.
The first is the low intensity range in which F, = F. , auditory
fatigue increase little if at all as a function of intensity
and decrease in a symmetrica fashion above ad bdow F. At
such levels auditory adaptation rather than auditory fatigue
mey be the source of the TTS Under such conditions, the TTS
mey be only a special cause of loudness decrement, which has
been found to be relatively invariant with adapting stimulus
Hood 1950).
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The second intensity range is that in which one finds
the maxi mum TTS slightly above F, eventually as intensity
continues to increase, the maximumTTS is found one half octave
and nore above F.. At these levels, and with F, > F, TTS
Is quiet clearly a positive function of intensity. The posi-
tive function makes it probable that auditory fatigue as
wel | as adapting changes are taking place.

The upward frequency shift, on the other hand, may
have nore than a single explanation. [t probably results
fromthe constantly changing mechanical characteristics of
the basilar menbrane. Because stiffness toward the basa
end, the elastic [imts become nore and nore restricted and
tissue alteration from approaching or exceeding limts become
more likely. Consequently the decrease in the response of
the basilar menbrane on the high frequency side of the point
of maxi mum response nay be nore than by the decrease inits
elastic [imts. \Wether the upward shift of the maxi rumTTS
results exclusively fromthe mechanical characteristics of
the basilar nmenbrane |s unknown, however, since the stiffer
portions are nmore subject to permanent damage fromintense
stinulation, it is possible that they are also nore suscepti -
ble to reverse tissue alteration.

The third Intensity range is that in which the acce-
lerating increase in TTS becones more marked. Al though the
overall function tends to accelerate positively for F> Fe
one generally finds sone intensity range through which the acce-
leration is particularly large. This maxi numindicate the

onset of damaging auditory fatigue. If so, then the recovery
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time should also accelerate as the rate at vhich auditory
fatigue accumulate with increased duration of exposure even
minor axd reversible tissue damege will probably not recover
as rapidly as the metabolic change that underlie auditory
fatigue. In addition, if this critical intensity does result
in pathological process, recruting phenomena should emerge,
together with other types of hearing changes that reflect
tissue damege in the cochlea. If this intensity range, the
effeetin of increasing the fatiguing duration should differ
from that of non-damaging Intensity, indeed, if these stimuli,
if continued long enough, might result in permanent threshold
shift.
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Fig. 2. Increase in TIS (THL) as a function of intensity
increase Lok of awy increase in TIS bdow 80db when F = Fe
V\/rEn Ft iIs one half octave aove F. growth is continuous

reater than that found at the exposure
frequency (?—Ilrsh ad Bilger, 1955)
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As duration is increased, additional features begin
to appear. At lowintensities, the TTSis reasonably well
restricted to the frequency of the fatiguing stimulus, is
relatively small and is not much affected by the intensity
or duration of the fatiguing stimuli. It may well be that the
TTS observed over this intensity range reflect neural change,
changes in the netabolic conditions of the cochlea, all of
whi ch recover quite rapidly. However, as the intensity of
the fatiguing tone increased, the TTS effect broadens toward
frequenci es above fatiguing frequency becomes nore closely
related to intensity, duration and recovery time becones
proportional to TTS,. In all probably the various changes
do not show up at the same intensity |evels and the search
for the critical level of intensity that clearly separates
damagi ng fromnon-damaging stimulation is a futile one.

There are 2 interesting exceptions in the expected
positive relation between intensity and TTS. The first is
when F - Fe , an intensity of 20dbSL results in larger TTS,
than do intensity of 80 dbSL and greater. The reversal is
short |ived, and recovery curve often cross. Although snall,
this reveral does illustrate the danger of using TTS, observed
very shortly after cessation of the exposure tone as indices
of long termauditory fatigue effects. 1In general, such a
reversal neans that the TTS resulting fromthe higher intensity
recover faster than the TTS following the 20 dbSL (Lierle and
Reger 1954; Hrsh and Bil ger 1955).

The second reversal of the expected positive function
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occur at intensity about 110dbSPLC Davis et al. 1950, and
MIler 1958) for aduration greater than one mnute. Such
reversals are not great but have been observed for frequencies
above 2000 Hz, when duration has been brief. Since the re-
versal is found at intensity well above those that trigger
the aural reflex and since it is found at high frequencies,
there is some question as to whether this reversal is dueto
the reflex.

VWhen the duration is one mnute, and auditory fatigue
I's neasured 10 sec. after stimulation, Hood reports only slight
increase in auditory fatigue as the SL of stinulating tone
increase from60 to 90 db but then the auditory fatigue increase
more rapidly as the SL is further increased to 110 db. Wen
the duration are from1-8 mn, Davis et al. report that
the tenporary hearing | oss continues to increase as the inten-
sity of stinulation increase from110 and 130 db. Exceptions
are reported in which auditory fatigue appears to be maxi num
at 12 db and a further increase inintensity does increase
the subsequent hearing | oss.

For recovery tine |ess than a sec. and |onger than
2mn,, then, the TTSis proportional to the amunt by which
the SPL exceed sonme base val ue; this base value is about 750
75db for octave band noise. The main exception to this rule
Is that TTS increases with intensity occurs at very high
levels. In the classic Harward study of the effects of high
intensity noise, it was noticed that a given exposure to
130dbSPL sonetimes produced |ess TTS than the same exposure at
125dbSPL.  Thi s observation has been confirmed by Trlttipol (1958),
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MIller (1958) and Ward (1962). This nmost |ikely explana-
tion for this reversal is that the node of vilrration of the
stapes may change at very high levels, a change that in
turn produced by the maxi mumcontraction of the mddle ear
muscl e (Bekesy 1949).

The m ddl e ear nuscle can also affect the growth of
TTSwith intensity in aless dramatic manner. Even at inten-
sity too low to produce the shift in node of vibration of the
stapes (80 to 120 dbSPL) the incomng signal produced sone
reflex arousal of the stapedius nuscle (Mller 1961), and
this action tends to reduce the anmount of signal energy
reaching the inner ear, and hence reduces the TTS produced.
Since the degree of arousal increases with intensity, so does
this self-limting action and therefore the observed growh
of TTSwith intensity will have a | ower slope than it woul d
iIf the mddle ear nuscle were inoperative. Lowfrequencies
are attenuated by the action of the muscles than the high fre-
quenci es; above 2000HZ., the transm ssion of sound is appa-
rently unaffected by the contraction of the reflex. One would
therefore expect that the growth of TTSwth intensity shoul d
be nore rapid for high frequencies than for |ow frequency sti-
mul ation, and indeed this seens to be the case. Al though ot her
factors may be involved (ex. it is possible that the high fre-
quency sensory elements are inherently nore fragile than the

| ow frequency elenents) it is clear th?t the auditory reflex
a
play an inportant role in limting TTS /and fromlow frequencies.

At recovery times froma fewsecs, to a mnute unusua
effects are often seen, presumably because of the interaction
of the R-| and R-2 recovery processes (Hrsh & Bilger 1955).
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These authors confirmed earlier reports by Reger and Lierle
(1954) that ashort (1 mn.) exposure to alQOOOHz. tone at
about 250dbSPL produced nore TTS at the exposure frequency du-
ring the first 2 mn. of recovery than exposure at 65 to
105 dbSPL. This effect can be seen even when the test tone
Is interrupted. This suggests that the test tone itself
maintains the TTS. Hrsh and Bil ger suggest that the 20dbSL
tone sinply is too weak to energise the R-1 process, so that
inthis ease all that one observes is the |onger |asting,
gradual | y decaying R-2 process.

The effects of stinulation just at threshold are
currently of great interest. Bronstein (1936) reported that
i f observers were tested for threshold, stinulated conti-
nusously at this threshold level and retested at 5 mn. inter-
val , the threshol d dropped, that i s, becane nore sensitive.
This increase in sensitivity was as high as 17db with an
ai erage of about | Cdb.

More solidly supported by enpirical data is the obser-
vation that continued stinulation at threshold may result in
di sappearance of the tone. Kobrak et al. (1941) credit
Al brecht with the first report of this effect and Ward (1963)
called this effect as "A brecht effect”.

The most thorough study of the Albrecht effect was re-
ported in 1944 by K Schubert. H's principle results may be
summari zed as foll ows.

1. For normal ears of young people (under 30 years) and
frequencies bel ow | OOOHz. there was no effect, the threshold
intensity was heard for the entire 20 mnute of the test period.
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At hi gher frequencies these young peopl e gave slight effects
(upto a final shift of about 5 db at 1200Hz.)

2. As age of the observer increased, both the final
shift and the rate of change i ncreased.

3. For individuals with inner deaf ness, the effect was
grossly exaggerated, especially at high frequencies.

4. Persons with mddl e ear deafness should no nore
effect than normal persons.

5. CGeneral bodily condition seens to have a large effect.
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Fig.3 . GQowh of short termTTS at | O0CH as a function
of level of broad band noi se for several durations of
fatiguer (Schaefer, 1959, quoted by Vrd 1963).
The relation between TTS and SL of the noise to which one
I's exposed is not sinple. For exposure to noise of noderate

SPL(80-106db) for durations of |less than 8 hours, the TTS, above
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a linear increase with increasing SPL of the noise. The
orderly gromh of TTSwith the |evel of sound exposure has a
| ower as well as upper limt. The lower [imt depends slightly
on frequency content of the noise. For |ow frequency octave
bands centered at 250 and 500Hz. it is 75 dbSPL., for 1 Khz.,
2KHz., 4KHz. it is 70 dbSPL. For exposure to bands of noise
having an octave band |evel between 80 and 95 db for periods
exceeding 8-12 hour the threshold shift for the maxinally
affected sound frequencies appear linearly related to the
octave bend level of the noise increasing at 4KHz. and nei gh-
bouring frequencies at the approximate rate of 1.6db for each
db increase in octave band |evel.

2.2.2. Duration of the fatiguing stinulus.

The growth of long termTTS at 4KHz. withtine follows a
sinple rule: the TTS grows linearly with the logarithmof tine.

The range of duration of the stinulating sound in the
literature on auditory fatigue extends about 0.1 sec. to 64 mn.
The relation between auditory fatigue and the duration of stinu-
lation is not the sane throughout this range.

The short duration range has been nost extensively explored
by Harris 1950. When he used a primary or stinulating tone of
1000 Hz. a secondary or test tone of 1500Hz., an interval of
20 nsec. between the two, and a duration of 30 nsec. of the test
tone, auditory fatigue reamned constant as duration of the sti-
mulating tone increased fromO0.] to about 5 sec. for SL ranging
from 40- 80db

According to auditory fatigue neasurenments of Causse and
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Chausse (1947) mede about 25 sec. after cessation of the sti-
mulating tone, as the duration are further increased from 10 sec.
to 40 sec., auditory fatigue increase linearly in db. Their
results involve SL of the stimulating tone from 10-40db ad a
frequency of 1000Hz. At a SL of 100 db, Hood also reports a
linear increase of auditory fatigue with increaseof duration of

the stimulating tone from 10-20 sec. Davis et al. (1950) report
that at intensity levels of 110-, 120-, 130-, db the relation
between auditory fatigue ad duration from 1-64 min. goes from

linearity to positive acceleration.

At lower frequencies the situation is complicated by the
action of the reflex. The longer the noise is on, the moe the
reflex relaxes, axd so the greater is the effective level
reaching the inner ear. Therefore one would expect that if one
plots TTS a low frequencies against the logarithm of exposure

time one get a curve that is positively accelerated(Selters 1962).

For exposure to octave band S between 80-105db, TTS2
post exposure is approximately proportional to the log of the
duration of the exposure, upto 8 hours. Experiments involving
exposure of humen subjects to octave bands of noise at levels
sbet ween 80 and 95 db for tine periods exceeding 8 hours have
shown that TTS increase as duration of exposure increase upto a
certaintime limted and then reaches a plateau. The increase
Is called asynptotic threshold shift. This condition is reached

after 8-12 hours of exposure.

The TTS; is approxi nately proportional to the log of the

exposure duration upto 12 hours. This inplies an exponenti al



growt h that reaches a maxinum after about 12 hours (Mith et al.
1970). Thus if a 15 mn. exposure produce a TTS, of 10 db and
a 30 m n, exposure one of 15 db, thane a 1 hour exposure wil |
result ina?20db TTS, etc. The actual rate of growth with

time, will depend on the particular frequency and the |evel of
the fatiguer.
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Fig.4. Growth of TTS, at 4000 Hz. at 4 KC full ex~
posure to octave band nolse at seversl different in-
tensities as a function of exposure time; time is
plotted logarthmically. I.:UUQ?‘L.d Jal 19597

If we ignore the great differences anong these experi-
ments in respect of frequency, intensity and tinme interval bet-
ween stinulation and test, we can sumarize the results by
saying that auditory fatigue remains snmall and constant as the
duration of the stinulating tone goes up from0.1to 5 sec. As
the duration is increased further between 10 and 60sec., the
auditory fatigue increase linearly in db. Above one min. as du-

ration are increased to 64 min. auditory fatigue increase nore

and nore ranidlv with durati on
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2.2.3 Frequency:

TTS invol ves areas, not points, on the basilar menbrane.
At low levels of stinulation, the maxinumeffect is produced at
the stimulation frequency, |less at adjacent frequency. Causse
and Chauasse (1947) report that with [evels upto 40dbSL, the
shape of the curve is symetrical, ie., if one plets TTS
agai nst frequency level, or better against the pitch in mels
(which corresponds to distance along the basilar menmbrane),
a tone, a given distance below the stinulus frequency is
affected as nuch as one the sanme di stance above the stinulus
frequency.

As one raises the |evel, however, this no longer is
universally true, instead higher frequencies are sonetimes
more affected than [ower. The results of Minson and Gardner
(1950) indicates a significant asymretry of the short term
TTS (100nmsec) at 50 dbSL and above. At around 80 dbSL the
| ocus of maximum TTS shifted fromthe stinulus frequency to
hal f an octave above. However, de Mare' (1951) using slightly
| onger recovery times got the same symetrical pattern ob-
served after low intensities.

A

Results with long termTTS (t =2 mn. or nore) also
indicate that the maxi mumgradually shifts upward, sonetines
becom ng as high as two octaves above the stimulating fre-
quency (Van Di shoeck 1948), although it is nore generally one
half to one octave above. Even at the highest intensities,
studi ed, there has been no evidence of TTS peaks at nultiples
of the stinulus frequency, the only exception is the study
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of Luscher & Zwislocki (1949) sdd here the physical stimulus
was admittedly so impure that the TTS peaks at harmonic fre-
guencies can be attributed to objective harmonics.

The same holds good to TTS produced by noise (Wad
1962): the maximum effect after high level exposure is ge-
generally found one half to one octave above the upper cut
off frequency of the noise. However, the region from 4 to
6 KHz seems to be anamolous in this regard. If the stimulus
iIs a broad bend noise that includes frequencies upto 3000Hz.,
then the maximum effect will be produced at 4, 5 or 6 KHz
regardless of whether there is energy at higher frequencies
or not (Rtiedi and Furrer 1946).

The higher the frequency, at least upto 4 or 6 KHz
the more TTS will be produced. Therefore, DRC generally per-
mit exposure to higher levels in the 150-300 and 300-600Hz
octave bands than in the 600-1200 and 1200-2400HZ bands
(Rod 1956; Kylin 1960).

Pure tones are assumed to be more dangerous than octave
bands of noise (Anonymous 1956). The notion (Kryter 1950) was
that if a given amount of energy were concentrated within a
single critical bond it would be more dangerous than if it were
spread over several critical bands. Recent research has shown
critical band hypothesis is no more pertinent. The effect is
completely explained by the difference in the ability of the
two stimuli to produce sustained reflex arousal of the middle
ear muscles. Whe a pure tone is presented, the muscles, after
an initial contraction, rapidly relax. However, a noise pro-
duces a more sustained reaction, presumably because of its
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randomnat ure, which continuously rearouses the reflex. There-
fore more energy reaches the basilar nenbrane under puretone
exposure conditions. That the reflex, not the critical band

hypot hesis, is the determning factor was supported by 2 |ines
of evidence (Ward 1962).

First, the TTS produced by a very narrow band of |ow
frequency noise (one eighth octave in w dth) was consistently
| ess than that produced by a pure tone at the same frequency,
desp the fact that both stinuli were less than a critica
band in width. The second denonstration was nore invol ved.
The TTS produced by the tone was nmeasured, next the TTS
produced by the noise. Finally the TTS produced by the tone
was again measured, but this tine the noise was simltaneously
presented to the other ear. Because a reflex arousing sti-
mul us activates both reflexes nearly equally, the mddle ear
nmuscle of the ear receving the tone were now as strongly
contracted as when it was receving the noise. The resultant
TTS in this case dropped to the sane value as that produced
by the noi se.

At low frequencies, then, pure tones are Indeed nore
dangerous than noi se, not because 'one is concentrating energy
inasmll area' but because of the aural reflex. Since the
difference in degree of activation of the nuscles during expo-
sure to tone and noise respectively is a function of |eve
(and of frequency). A single 'correction factor' such as the
| Cdb in current use (Anonynous 1956) is at best a poor approxi-
mation. ldeally, DEC for pure tones should sinply be devel oped
i ndependent|y of criteria for octave band noi se.
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Fig.5. Relation between |evel of a 400nsec. | OOOHz.
adopting tone and the resultant TTS for test tones
at various frequencies (quoted by Ward 1963).

The ear is nost subject to auditory fatigue at the higher
frequencies at |east upto around 4000- 6000Hz. TTS Is found to

I ncrease as exposure frequency increase (Davis et al. 1960,

Ward 11939). It probably results fromthe greater stiffness

of the high frequency portion of the basilar nenbrane and

possibly, the more limted response areas of these portions.

2.2.4 Gowh:
The production of TTS is dependent on nany factors.

As far as the fatiguing stinmulus |Is concerned, practically
everything one can measure is relevant. [If a steady pure tone
I's used, the frequency, the Intensity, and duration are inpor-
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tant. For continuous noise, the level, band width, duration,
and peak factor are the salient aspects. |In the cases of
pul ses, reports and expl osions the peak intensity and the
pulse rise time and duration all determne the TTS produced.
|f the fatiguer is a combination of tones and noi ses and/ or
pul ses, still other rules apply. Finally, if the fatiguer
Is intermttent or has tine varying frequency characteristics,
the TTS produced will be less than that produced by the same
amount of energy in a steady exposure.

Paraneters are interactive. Mny characteristics of the
|istener are apparently also inportant. There are large
differences between individuals in the TTS produced by a given
exposure.

Except when it results froma high intensity inpul se
stimulus, auditory fatigue devel ops gradual |y consequently,
its devel opnent has been explored in a nunber of studies, wth
Intensity, exposure frequency, test frequency as-paraneters.

Hood (1950) using a | OOdbSPL tones and the same fre-
quency for fatiguing tone, investigated TTS growth at frequency
from 500-4000Hz. for duration ranging from 100-320 sec. He
found that TTS increase as a linear function of logD, ie., it
I's negatively accelerated. Harris (1953) investigated TTS,
growt h over exposure duration of 30 sec. to 15 mn. and found that
TTS growth is generally a linear function of duration. These
and ot her studies show that TTS growth is linearly proportional
to logD except for frequencies below 2000 Hz, particularly when
the fatiguing stinuli is noise or arapidly interrupted tone.
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A number of studies have been concerned with the amur
lative aspects of auditory fatigue. Auditory fatigue rate
increase with fatiguing intensity, athough the nature of the
intensity duration relation is not a smple multiplicative
one, which should not be too suprising in vien' of the fact that
auditory fatigue is an accelerating function of intensity.
Greater increase in exposure intensity are nesded to produce
given TTS at shorter duration than at longer duration.

Several authors have been concerned with the growth of
TTS in a partially recovered ear. If we assume, that during
exposure, recovery processes are set up to oppose the fati-
guing processes the question of re-exposing a partially re-
covered ear is seen to be merely a special case of the situa-
tion in which the fatiguing exposure is. continuousWard et
al.(1959) investigated TTS growth as a function of the TTS
still existing after the ear was dlowed to recover partially.
Whn the recovery time ad re-exposure times are relative
short, growth is proportional to the duty cycle, which
suggests that the recovery growth characteristics of auditory
fatigue interact in an additive manner, athough their rates
mey be inversely proportional. Recovery rate is proportional
to the TTS whether the ear is being stimulated or not. Fur-
ther, rate of auditory fatigue is related to exposure inten-
sity, so if TIS growth curves wae dlowed to continue to
their asymptotic to levels, these levels should be proportional

to the intensity of the fatiguing stimulus.
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2.2.5 Recovery:

Recovery from TTS depends on fewer of the stinulus
paraneters than the growth process. That is, once a given TTS
has been generated, it tends beyond |arge, to recover at a cer-
tain rate that depends very little on how the TTS was produced
(Vrd et al. 1959 Kylin 1960).

The recovery is usually exponential in formfaster
at first, slower later - so that when plotted TTS agai nst the
| ogarithmof the recovery tine, astraight line will be ob-
tained. This is true of the recovery process at very short
tinmes (during first second ) and also after about 2 mn.

Luscher and Zwi sl ocki (1949) and Rawnsley and Harris
(1952) report that in their studies of 3hort termTTS, the
e
recovery seend to be linear in tine than in the logarithmof tine.

Rate recovery is said to be sane for different in-
tensed sound and of different durations. That is tosay, the
recovery curve for t =2 mn. will not cross: if there is nore
TTS at t =2 mn. after one exposure than after another, the
sane original relation holds for all subsequent val ues of "t

The recovery process seens to be relatively independent
of test frequency. That is, if TTS;is 25 db then TIS; will
be about 10 db, whether the test frequency is 500 or 5000Hz.

The nost wel | known exception to the rule that recovery
is linear inlog time is the so called 'bounce phenonmenon® that
sonetinmes occurs inthe first 2 mn. of recovery. A though the
recovery during this time may be snooth and nonotonic, certain
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exposures produce quiet different results. Bronstein In 1936

o

first reported that multiphalic recovery curves are sometimes
found. After a first rapid Initial recovery of threshold, the
direction mey reverse, so that at t = 1 min. the TTS nmey be greater
a t = 30sec. Hirsh ad Wad (1952) found pronounced

of this sort in studies of the effect of 3 minute exposures to

to various tones at levels of 100 to 120 dbSAL ad labelled

it the 'bounce'.

Hirsh ad Bilger (1955) suggested that 2 separate processes
are Involved. The 'R-Z process is thought to be a monophasic
process, ie., one that decays regularly in time, ad that is depen-
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dent on the severity of the exposure. Superinposed on this
Is an 'R1 process that lasts only about a mnute, if the
R-1 process is thought of as afaeilitatory in nature, that is,
acting in opposition to R2 which always produces a decrease in
sensitivity, then a diphasic recover curve can be accounted for.
Infact, if the R2 fatigue is not too severe, astrong facili-
tory Rl showed sonetines produce a net negative TTS- a transient
sensitization of threshold. Such sensitization is indeed found
(Bronstein 1936, Hrsh and Ward 1962, Hughes 1954).

Even when the recovery curve during the first 2 mn. is
not diphasic the rate of recovery during this time may be
significantly different fromthat after 2 mn. which supports
thenotionthatnnrethanonetypeofLmderlyingprocessis?nvolved

A second exception to the uniformty of recovery of TTS
Is found when TTS, is too great. |If the exposure has been so
severe that TTS, at sone frequency exceeds about 50 db, then re-
covery is much slower. Instead of being |inear inlog tineg,
recovery proceeds linearly intine (Ward 1960); the rate is so
slow that several weeks may be required for conplete recovery
(Davis et al. 1950).

An auditory stimulus that would not itself produce a
measurable TTS would al so not influence the rate of recovery from
a given TTS (Vrd 1960).

2.2.6. Sensitization or facilitation:

Not all shifts in threshold are in the direction of de-
creased sensitivity. Under certain conditions, exanple
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moderate expose intensity (60-100dbSPL) low exposure frequency
(500Hz.) the initial portion of the recovery function exhibits

the auditory sensitization.

Hughes (1954) called this increased responsiveness
asimulate sensitization. He usad this term to describe pure
tone threshold sensitivity that was better than it had been
before another pure tone stimulated the ear axd that gppeared

as the first notable deviation from the pre-exposure threshold.

Hughes demonstrated this phenomenon by employing low
frequency stimulating tones at moderately intense levels

(80-100dbSPL) for one minute. He found that immediate sensi-
tization gppeared only wien the frequency of the test tone was
lower than that of the exposure tone. The time course for these
events featured on immediate threshold sensitization that grew
to madmum size at about 30 sec. post exposure ad then gradually
disappeared by one minute.

In sensitization, greater sensitivity, as measured by
means of absolute threshold, from 1-2 min. after exposure to the
fatiguing stimulus than it did prior to any stimulation(Hirsh
ad Wad 1952, Hughes 1954). This phenomenon has also been con-
firmed neurophysiologically.

There have also been some studies that indicated an en-
hanced sensitivity of the auditory system following exposure to
low intensity stimuli (5-20dbSL) short duration(5 msec.-10sec.),
short recovery time (5 msec.-1.0sec.) (Zwisloekl, Pirroda ad
Rubin 1959, Rubin 1960). This phenomenon was termed ‘facilitation’
by Rubin to distinguish it from sensitization as described by
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Huges (1954) which is elicited by relatively |ong exposure du-
ration and more intense stinulation.

Thomas J. Moore (1970) reported two different types
of sensitization.

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

2. Atransitory type that required exposure to node-
rately intense stinulation and which apparently occurred only
when two regions of differing sensitivity were stinulated simul-
taneously. In the auditory system sustained sensitization
appeared in both the ipsilateral and contral ateral ears, transi-
tory sensitlzatlon occured only in the ipsilateral 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. NaffAinger and Tillnman (1970) stimulated
human ears by three mnute 65-90dbSPL continuous tones and post -
exposure thresholds for tones of |esser frequency were exam ned.
I n nost cases such procedures allowed demonstration of auditory
sensitization that was not preceded or succeeded by desensitl -
zation and then ran its course in the first post-exposure m nute.
Such sensitization was noted at 200Hz. follow ng certain 500Hz.
exposure tones and at 2000Hz. follow ng certain 3000Hz exposure
t ones.

There appears to be greater sensitization to a continuous
test tone (Hughes 1954) than to an interrupted one(Noffsinger
and Tillman 1970).
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Sensitization Is not restricted to the ear exposed.
Hughes (1954) using a special apparatus to produce an interaural
attenuation of 85 db. found nearly as muh sensitization at 500Hz
after stimulation by a 500Hz. 83 tone in the contralateral
ear as after ipsilateral stimulation. Noffsnger axd Tillman
(1970) have also demonsrated this.

Threshold for a tone can be affected in three mgor ways
by exposng the ear to another tone.

1. isolated sensitization

2. multiphaslc behaviour (sensitization axd deaensitl-

zation - the bounce effect)

3. isolated desensitization.
These changes seemdependent on at |east the follow ng variabl es.

1. the frequency of and the frequency relationship bet-
ween the test and exposing stinuli

2. the intensity of the exposure stimlus

3. the duration of the exposure stinulus and

4. the condition applying during the exposure period
ex. whetter the subject was required to track threshold during
the exposure tone( T;) or not (DNT,).

To study these Noffsinger and Osen (1970) examned the
threshol d sensitivity for train of 250 msec, test pulses (250,
1000, 4000 Hz.) follow ng exposure tones of various types.
Associated with each test tone were 2 min. exposure tones of the
sane frequency, half the frequency and twi ce the frequency as well
as 2 additional tone, one of whose frequency was considerably
hi gher and one considerably |ower than that of the test tone.
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Each exposure tone was presented at four intensities levels
namdy 20, 60, 85 ad 105 db. Both DNI ad T, procedures

weae eamnployed.

The results of the experiment dvomed following facts:

1) isolated auditory sensitization is a real phenomenon,
it can be demonstrated for both high ad low frequency tones.
Duration of such sensitization ranged from 20 to 100 see,
Sensitization that occurs later in the post-exposure time course,
usually following R-1 was also demongrated in some experimental
conditions. It usually attains madnum magnitude at about 1 min.
post-exposure has a duration of 16-30 sec. ad generally is of
smaller magnitude than more immediate sensitization.

2) If an ear is stimulated by a pure tone whose strength
Is gradually increased, the first noticeable post-stimulation
change in threshold for another pure tone in some instances is
sensitization. Such sensitization will increase in magnitude
and/or duration to a critical point ad then decline with fur-
ther increase in exposure tone strength. Following even stronger
stimulation, desensitization will bsoome apparent in the post-
exposure thresholds, first as an initial threshold shift that
rapidly declines (R-1) ad ney yield to sensitized threshold
then as a multiphasic process containing R-1, a bounce ad a
scond period of desensitization (R-2) ad finally as a long
lasting period of desensitization that is mogt aptly described

as R-2 alone.

3) The sequence of post-exposure events described above is
initiated at lower exposure levels following tones whose frequency

Is lower or equal to that of the tilt tone than following those
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with higher frequencies. Given this distinction, decreasing the
frequency differential between the test axdd exposure tones has an
effect similar to that produced by increasing the exposure tone

intensity.

4) Continued threshold tracking of the test tone during
the exposure tone period usually produces more post-exposure
desensitization than is produced when the exposure tone is pre-

sented alone.

Sensitization ad desensitization reflect the state of at
least partially separate physiological medhenian that are affected
in different ways axd for different periods of time by prolonged
stimulation. Qe reasonable hypothesis is that sensitization
mirrors a presynaptic electrical or electro-chemical hyper-
excitability, ie., hyper-polarizatlon ad desensitization reflects

a reduced post synaptlc receptive capability.

2.3 Generd equation:

Ideally it is necessary to have a single equation that woud
predict the TTS existing a any frequency a ay time following
an exposure to a fatiguing stimulus having any given duration,
level, spectral distribution ad tempora characteristics. But
we are far from that goal. However, equations describing the
TTS produced by a limited range of exposure parameters can be
derived fairly easily, particularly in the areas whae a smple
monotonic relation can be seen ad where the complicated action of
the auditory reflex is not relevant.

Corso (1967) has derived the following equation to express
relationship beween TTS ad the S for intermittent noises

TR = 1.06R(S-85)(log T/1.7)
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where Sis the SPL of noise, Ris the fraction of time that
noise is'on" and Tis the duration of exposure. This equation
hol ds for

1. T greater than 75 mn.

2. 85< S< 100 db. and

3. all values of R provided the noise bursts are 250nsec.

tolmn. induration.

VWard et al. (1959) gives one such equation.

TTS = Ky(S-Sp ) (1 0geT - Ky) +K3
where (S-S,) is the average value of the amount by which the
sound pressure |evel S exceeds the base value, T is the exposure
time, K;, K= Ky are constants that depend on the specific val ues
of some of the other parameters. Equations of this formcan be
fitted to TTS data gathered under conditions within the follow ng
ranges. exposure durations of 10 mn. or nore, recovery times of
2 mn. or longer, exposure frequency 2000 Hz. or greater SPL
bel ow 125 db, if the exposure is intermttent burst durations
of froml/4 sec. to2mn.

2.4 M scel | aneous factors affecting auditory fatigue:

2.4.1 Interactive effects - Recovery fromTTS will proceed

no nore swiftly in silence than it will in a noise |ow enough
inintensity and no TTS woul d be produced by this noise (\rd
1960). Even when noise is intense enough to produce TTS at one
frequency region, it will not affect the course of recovery at
frequencies outside this region (Wrd 1961). Apparently the
course of the fatigue process at one area of the basilar nenbrane
Is relatively independent of conditions existing at other areas.

2.4.2 Resting threshold - persons with inoperative mddle ear
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muscle but norma sensitivity ( as in Bell's palsy, where the
muscles are paralyzed or after a successful stapes mobilization,
on operation in which the Jendons are cut) will dowvw maore TTS
following low frequency exposure than normal. Those with normd
middle ear muscle but impaired sensitivity will dow less TTS.
In the case of pure conductive loss, the effective level of
sound reaching the cochlea is reduced. Individuals with pure
end organ perceptive losses will also dow less TTS than norma
individuals, but only because they less to lose, as it were.
The energy entering the cochlea of such a person is no diffe-
rent from the norma case. But if there is already a considerable
loss of sensitivity, then the threshold shifts produced by a
given noise will be less than in normals, even though the shifted
threshold of the impaired ear is dways higher. After exposure
to a given noise, ears with ed organ deafness will still require
greater signal energy for hearing than will normd ears. So the
fact that he dows less TTS does not meen that he is better off-
the acquirement of a permanent loss from noise does not constitute

protection against further loss.

2.4.3 Latent ad residual effects: A study by Harris (1955)

indicates that residual effects mey sometimes be found. He
repeatedly restimulated his listeners with a TTS producing sti-
mulus Just as the TTS from the previous exposure ‘'reached zero'
ad found that the TTS gradually increased. So the ear ney still
be under the influence of fatigue processes for sometime after it

is no longer possible to measure them by means of TTS

2.4.4 Vitamin A Sne reduction in the TTS can be produced by

administering 100,000 units of Vitamin A daly(Willemee 1952
Rliedi 1954). Later investigations have failed
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effect of vitamin A on either the resting threshold or the
TTS produced by means of a given noise Wad ad Glorig 1960).
It appears that large doees of Vitamin will not affect TTS

in persons vhose diet is reasonably normal, athough it is
still possible that a deficiency of the vitamin might change

the course of auditory fatigue.

2.4.5. Oxygen: A reduced oxygen intake might increase TTS
Tondorf et al. (1955) found the reduction in cochlear micro-
phonic from guinea pigs produced by one minute exposure to a
1000 Hz. pure tone at 130dbSPL. When the guinea, pigs were in a
reduced oxygen (10% oxygen instead of the norma 20%) through-
out the entire experiment (a min. pre-exposure period, the

one minute exposure, axd 32. min. recovery period) the reduc-
tion in cochlear microphonic produced by the tone was greater
than if only pre-exposure period were in reduced oxygen.
Recently Van Schulthness (1971) has found hypoxia corresponding
to an altitude of 30m influence of auditory fatigue at 4000Hz.
Normd adaptation was not aways regained after return to oxygen
supply or norma atmospheric supply.

2.4.6 Salt Cok (1952) has sprculated that excessive use of
ordinary salt maey cause the ear to become waterlogged, produce
endolymphatic hydrops axd increase TTS

2.4.7 Vibrations Morita (1958) has reported that when 10 sub-
jects were exposed to 100 db. white noise for 30 min. while
simultaneously being vibrated, the TTS was greater than if the
100 db. noise acted alone. Perhaps the protective effect of the
middle ear muscle is reduced by the vibration. Akira Okada ad
Hirotsugu (1972) came with the sarme result. TTS caused by the
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noi se is enhanced by vibration. Yokoyama, Osako and Yanonotee
(1974) found no significant change in the threshold sensitivity
after exposure to vibration alone. Exposure to vibration and
noi se sinmultaneously caused greater TTS and |onger recovery
tinme than exposure to noise alone. They suggest that the
effects of the conbined noise and vibration mght be the re-
suits of some disturbances of physiological honeostasis or
possi bl e mechanical interactionwith its blood supply.

2.4.8 Drugs and |evel of consciousness: The data in general

support the lack of central involvenent in TTS. Lehnhardt

(1959) has recently shown if the subjects are given ayorel axln
then the TTS produced by a 2 mn. exposure to white noise at

|1 Gdb is change; there is nore TTS at 3000HZ. and bel ow, | ess

at 4000Hz and above. The locus of maximum TTS was shifted from
4000Hz. to about 2400Hz. with admnistration of the drug. Some
Russi an investigators found |ess TTS to be produced by a given
noise if the listener were hypnotized and told he was in silence.

Logoux (1977) recorded CM AP, SP on guinea pigs after
the introduction of KCI solution in the perilynph. This intro-
duction provoked a noderate decrease of CMand AP. During the
period of depressed but stable anplitude, the presentation of
I ntense sound provoked an exaggerated susceptibility to fatigue
and a delayed recovery. Simlar changes were observed in the
evolution of 15P. However, the recovery was slower for EP than
for CM The results, as awhole, suggest that the fatigue which
Is manifested in the depression of CP is related to a | eakage of
potassiumions fromendol ynmph to fluid spaces within the organ
of corti.
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In 1975 Woodfaod axd Henderson studied the effect of

salicylate ad noise in combination on auditory threshold.

No consistent interactive effect was found either in magnitude

or time course of post treatment threshold shift.

In one Russian study, changes in the cortical recovery
patterns from auditory fatigue under several different experi-
mental conditions in 22 eats,,. Results indicated that at the
level of the auditory cortex it was difficult to secure data
from anesthetized animas which compared with psychological data
gathered by the classical psychological techniques. BEvoked
potentials were recorded over the auditory cortex before ad
after exposure of the ear of anesthetized cats to intense, low
frequency tone. In light chloralose anesthesia, post-exposure
enhancement was related to intensity anxd duration of exposure
but there was a decrease in post exposure enhancement with in-
crease in chloralose. In deep chloralose anesthesia, post-
exposure depression preceeded enhancement and became more severe
as depth of anesthesia increased.

2.4.9 Sex, age ad experience. Kylin (1960) Dieroff (1961)

found waren have better hearing than men after studying indus-
trial workers hearing. Wad et al. (1959) report some amout of
TTS when norma hearing college students of both sexes were ex-
posed to the same noise.

Nerbonne axd Hardick (1971) expossd 10 men and 10 waren to
110dbS. of broad band noise on four separate occasions for 15
min. Bach subject's threshold at 4000Hz. was determined after
1, 9, 10 ad 20 min. of recovery. Even though the 2 groups

experienced similar amounts of TTS immediately following ex-
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when the initial anout of TTS was held constant for each sex.
With continued exposure to noise, the ear somdow becomes more
resistent to TIS that 'tender' ears become ‘tought'.

Novatimy (1975) analysed the results of 160 exars of the
auditory thresholds after 3 min. stimulation with white noise
in different age groups of workers suffering from occupational
deafness due to noise. He concludes that:

a) auditory fatigue expressed as the temporary decline of
the auditory threshold in db is not significantly higher at a
more advanced age.

b) the temporary decline of the auditory threshold does not
attain in any of the examined age groups pathological values.

c) in the fourth axd seventh decade, the values are
relatively the highest but do not obtain a level of significance.

d) the temporary decline of the auditory threshold after
short term stimulation with noise cannot serve as a basis for
decision whether maore advanced age groups of employees with occu-
pational deafness should be left in or transferred from a noisy

environment.

2.4.10 Temperature: Dennis G Drescher (1976) studied the effects

of temperature on cochlear responses during axd after exposure to
noise. Anesthetized chinchillas were maintained in the qiet for
24-48 hr. with virtually no loss of madnum voltage or sensitivity
of On Changes in body temperature axd cochlea temperature from
29° to 39° C had little effect on normad Om With presentation of
steady octave band noise with centre frequency of 1000Hz. at

0. overall, Cm decreased ad goproached an asymptote a a rate
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dependent on the tenperature of the preparation. The rate of
redaction was |ess at lowtenperature than at higher tenpera-
tures. Wth termnation of the noise, an initial rapid recovery
of Cmpreceded a slow recovery toward normal Cmval ue. The slow
recovery was inhibited at |ow tenperatures and could be enhanced
by raising the temperature. This finding indicate that noise
i nduced reduction of On may be linked to processes of energy
met abol i sm and/ or involves tenperature dependent structura
changes that do not affect normal cochlear response.

2.4.11 Physical exercises: Saito (1959) studied the effect on
hearing acuity produced by various physiological conditions. He

had 76 young persons aged 17-21 years play nine kinds of ganes;
tennis, judo, japanese fencing, volley ball, basket ball, rugby,
westling, 1500 and 5000 meter race. |Immediately before, after
30 mn. after, one hour after, 2 hour after the exercise he
obtained pure tone audiogram and examned the variations in
auditory acuity. The exercise appeared to produce a TTS shift

in some of the subjects. The TTS after exercise was nmost evi-
dent in the frequency of 4096Hz. The restoration of TTS took

30 mn. with tennis, judo and japanese fencing, one hour volley
bal |, basket ball, 1500 meter race and rugby and 2 hours with
westling and a 5000 neter race. The appearance of the dip at
4096 Hz. became nore frequent and Its depth greater in propor-
tion to the severeness of the exercise and the degree of fatigue.
The author conpares this TTS at 4096 Hz. after physical exercises
with auditory fatigue and hypothesize that it is aresult of
circulatory disturbance.
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2.4.12 Stress and Nonstress stinuli :Beh and Mateal fe (1972)
conducted study using the adaptation technique to investigate

sensitivity to 'stress' and 'nonstress' auditory stimuli . The
stress stimuli was defined as a stinulus previously paird with

el ectrick shock and rate of recovery from auditory adaptation
taken as the index of sensitivity. The results indicate that
recovery is significantly faster for stress stinmuli than for non-
stress stinuli and provide evidence favouring the perceptua

sensi tization hypothesis.

2.4.13 Ear:(a) During the past fewyears, much attention has been
devoted to the study of ear differences in the processing of
auditory stinuli. 1In 1970, Spellacy and Bl unsteimreported
data whi ch suggested than when normal hearing subjects are asked
to recall or identify dichotically presented conplex stimuli,
they show a greater degree of accuracy for sounds presented to
one ear over the other. Qher studies have suggested that when
the stimuli is long, the right ear, Is typically the dom -
nant ear (Shankweiler and Studdent - Kennedy 1967, Kinura and
Fol b 1964). Studies by Kinmura (1964) and Curry (1967) have
suggested that the left ear appears to be the dom nant ear when
the stinuli are not conplex |anguage sounds.

Ear: differences in susceptibility to auditory fatigue
has been reported. Jerger's (1970) study showed differential
effects inthe TTSin the 2 ears of the performance. Ward(1967)
pointed out that the sanme ear may also exhibit different suscepti-
bility to different frequency bands. In a recent study by Weiler
et al. (1974) show the average TTS was greater at 250 Hz. and
500Hz. in the right ear. The left ear had more TTS than the right
ear at 1000 Hz. and 2000Hz and the right ear had nore TTS at
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a 4000 Hz. aad 8000 Hz. than the left ear. QOwe might hypothe
size that the microscopic physical variations between the 2 ears
in the position or angle of the cochlear duct relative to the
ova window could be responsible. Such a difference might cause
the fluid pressure waves in the inner ear to stress the sensory

structure at slightly different points.

2.5 Functional changes in the ear due to Auditory fatique:

Elliott ad Fraser (1970) have quoted many of the studies
of how the auditory system handles contiues signals, During the
process of continuous stimulation of the auditory system, func-
tional changes will take place at the hair cells, endolymphatic,
the neural discharge. These changes are:

2.5.1 Neura Changes - Reduction in neural responsiveness occur

whan a continuous auditory stimuli is presented axd the neural
response rate decrease rapidly until after about 3 min. a stable
level is reached. Cessation of the stimuli, neural discharge
rates rapidly increase ad reach their original level within one

minute (Derbyshire axd Davis 1935).

When a receptor or nerve fiber has been adequately sti -
mulated it will discharge at a constant strength axd thereafter
no matter howv intense the stimuli is it will cease to regppond for
a finite peiod of time knom as the absolute refractory period
until it has had time to recover. The feature of this response
iIs knom as the all or none low. Beyad the absolute refractory
period there is a slightly longer period knom as the relative
refractory period during which a stimulus exceeding the adequate

stimulus mey evoke a response. As a result of this the rate of
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this the rate of the response of the receptor, ie., the nunber
of responses per sec. to a continuous stimulus will continue to
decline until it reaches a steady |level at vhich the energy
expended by the receptor is just balanced by the metabolic energy
whi ch beconmes available to sustain it. This process which has
been | abelled equilibration by Stevens and Davis is the essen-
tial feature of adaptation. Adaptation results primarily from
the activity of the receptor, in other words providing the sti-
mul us is adequate, adaptation is independent of stimulus intensity
and once adaptation is conplete, that is to say the state is
reached at which energy expenditure is just balanced by the re-
| ease of available energy then no further increase in adaptation
can take place so that to this extent adaptation is independent

of stimulus duration.

2.5.2 Hair Cell change; Wen noderate or high intensity is pre-

sented continuously, decrease incm in the formof shift in
| i near portion of input-output and also reduction in the |evel
of maxi numcm w th sone sharpening of the peak of the input-output

curve (Vever and Smith 1944)

2.5.3 Endol ynphatic changes - continuous stimnulation produces

decrease in oxygen and reduction in endol ynphati e DC potenti al
(Bekesy 1951, Tonndorf and Brogen 1952), There will be reduction
in OMand AP also due to reduction in oxygen in endol ynph. If
this continues there will be accunul ation of netabolic waste

product and interfere with nerve cells.

2.5.4. (O her changes: Bekesy (1951) and Torndorf and Brogan (1952)

found that stinulation causes a reduction in the potential diffe-

rence typically found between the scala vestibuli and scal a
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tympani. This reduction mey reflect a decrease in the impedance
of Reissner's mamoane ad the basilar membrane if so the ionic
transfer between the endodymph axd the perilymph could increase
ad interfere with norma functioning (Shimizee et al.1957,
Buttler 1962)

2.6 Auditory fatigue ad iris pigmentation:

It has been reported that individuals with highly pig-
mented irises ( bromn ) experience significantly less TTS
than individuals with less-pigmented irises (blue) axd those

with green grey pigmentation display intermediate anout of TTS

Tota ad Bocc noted the high correlation between the
melanin content in the stia vascularis ad that found in the
pigmentation of the iris. Specifically their data revealed that
subjects with light brom or dark browvn irises exhibited mudc
less TTS (13 ad 12 db. respectively) than subjects with blue
irises (27 db) ad that those with green grey irises displayed
intermediate TTS (17 db). Concomitantly Tota axdd Bocc (1967)
found that recovery time from auditory fatigue was shorter for those
with brown irises, somenmha longer for those with green-grey

irises ad longest for those with blue irises.

Tota ad Boca (1967) attributed the TTS differences to
the protective effects of melanin. They noted Bonaccorsis (1965)
demonstration that the melanin content in the striavascularis weas

directly proportional to the meanin content of the iris.

Specifically, Bonaccorri (1965) obsarved that the stria
vascularis weas without pigment when the iris was blue and
the concentration of meanin in the stria vascular is increased pig-

mentation of theiri s. Turaine(1955) reported that albino
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subjects often display a loss of hearing sensitivity.

Bonaecorri axd Galiotlc (1965) demonstrated that auditory
defects in the guinea pig from industrial noise was inversely
proportional to the pigment in the stria vascularis ad
finally, homolateral hearing loss ney occur on the side depig-
mented iris in persons with two different colour eyes (Prizbsm
1948). Tota ad Bocd (1967) concluded that their auditory
fatigue data represented clinical confirmation that the function
of meanin content in the cochlea is to protect the neuro-
epithelium from acoustic trauma ad also that, other conditions
equal, the person with lighter coloured iris is mae likely to

suffer hearing loss from intense ad prolonged sounds.

J.D. Hood ad J.P. Poole also support the above view.
They say the correlation is not particularly strong at stimulus
intensities of 80 db but becomes mare persuasive a higher
intensities. At 120 db the evidence ssems conclusive, with blue
subjects exhibiting significantly moe TTS than bromn eyed
subjects. They conclude that, since this relationship is evident
only when the threshold determination are carried out using
continuous tones ad is absent with pulsed tones, the underlying
mechaniam is predominantly auditory adaptation ad not auditory
fatigue.

In 1975 Karlovic replicated the methodology adopted by
Tota ad Boca (100 Hz. a 110 doSL for 3 min.). The results
do not support the hypothesis that individuals with fcighly pig-
mented are more resistent to auditory fatigue than those with less

pigmentation of the iris.
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2.7 Auditory Fatigue during vocalization:

Karlvich and Fluterman (1970) exposed four subjects to a
high | evel puretone fatigue stimulus for 3 mn. During exposure,
the subjects read a passage aloud during one session and they
read the sane passage silently during another session. The read-
ing aloud condition produced consistently greater TTS than the
reading silently conditon for the entire 3 mn. of recovery
measur ed.

Articulation is an inportant factor affecting the course
of auditory fatigue. Vocal articulation has been shown to alter
t he inpedance of the auditory system (Shearer and S nmmons 1965,
Sol onmon and Starr 1963). Sound transm ssion for higher frequency
stimuli is enhanced by contraction of the mddle ear nuscle(Vérd
1966). So the increased stiffness of the systemduring the read-
ing aloud condition has enhanced transm ssion of the 4000 Hz. ,
fatigue tone, thus resulting in a greater post-exposure TTS a 8
conpared to the reading silent condition (Karlovieh and Fl ut enaan
1970) .

In man the stapedius nuscle is active largely throughout
the whol e range of vocal intensities. The acoustic reflex acti-
vation plays a role at high voice levels but at |ow and nmedi um
voice levels the situation is nore anbi guous. Air-counducted
sound does not activate thestapediumnuscle during at |east |ow

and nediumintensity levels of persons own voi ce(Zakrisson 1975).

2.8 Auditory fatigue during humm ng:
Benguerel and M Bay (1972) studied the effect of hummng

on TTS froma 5 mn. 500 Hz. 118 dbSPL exposure. The experi nental

techni que consisted of measuring hearing thresholds at 700 Hz.



-54-
before and after exposure, this exposure being acconpani ed by the
humm ng. Subj ects vere asked to humat 125 Hz. (nales) or 250 Hz.
(females) hummng loudly at the same frequency, hummng at high
frequency. Analysis of the results indicate that TTS fromthe
exposure acconpani ed by hummng was significantly less than TTS
fromexposure without hummng. TIS during later 2 conditions was
consistently less than TTS in fornmer condition. Listening to
recorded hummng during exposure did not significantly alter TTS
fromthe exposure, nor did the activity of exhaling after pre-

paring to hum

e possibility for the reduction of the TTS during humm ng
condition is mddle ear nuscle contraction. |In addition to the
mddl e ear nuscle contraction, another change in the peripheral
auditory transm ssion systemwhi ch is known to occur during voca-

lization is en alteration in the vibration pattern of the stapes.

Bekesy (1960) found that for noderate sound stinmulation, the
stapes rotates about a vertical axis near the posterior edge of the
foot plate. Wen the ear is stinmulated by intense sounds (above
approxi mately 130 dbSPL) at |ow frequencies, the rotation about a
vertical axis shifts to arotation about a longitudinal, ie.,
hori zontal axis running through the foot plate. As aresult, the
notion of the cochlear fluid is nmarkedly decrease as conpared to
when the stapes rotates around a vertical axis in a piston |ike
novenent. A simlar rotation around a horizontal axis takes place
during phonation, due to vibration of the head, which is naxinal
in a vertical direction (Bekesy 1960). |In the case of ai r bor ne
sound, there is a transition range of intensity over which both node

of vibrations are superinposed (Bekesy 1960).
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It seens likely that during phonation, the rotation
about a horizontal axis (due to the vertical vibration of the
head caused by phonation) is superinposed to the rotation about

a vertical axis produced by the airborne sound.

There are reasons for doubting that mddle ear nuscle is
whol 'y responsible for the TTS reduction observed for the pho-
nation conditions. Harst the exposure frequency used in Ben uersal
and M Bay (1972) study, ie., 500 Hz. is known to be attenuated
to a quarter degree by the mddle ear nuscle than is the frequency
used by Karlowi ch and Luternman (1000 Hz). Yet the reduction in
TTS for the phonation condition of both studies was very simlar.
If TTS reduction during phonation were entirely the results of
mddl e ear nuscle action, one would expect phonation to reduce
TTS froma 500 Hz. exposure nore than TTS froma 1000 Hz.

Second, phonation, thus presumably mddle ear nuscle activity in
Ben querel and Mc Bay's study had a | onger duty cycle than a
in Karl ow ch and Luternan»s experinent (70% V/S 50% but in
both studies the TTS reduction brought about by phonation was

simlar.

Several studies have proposed that mddl e ear nuscle
contraction during phonation may be neurol ogical |y associ at ed
with laryngeal activity. As Shearer and S nmmons (1965) suggest,
the occurrence of mddle ear nuscle activity before voice onset
seens to indicate that the mddle ear nuscle are activated con-
currently with the |aryngeal nuscul ature. Perhaps a non-acoustic
reflex exists between the larynx and the mddl e ear nuscle during

phonation. M Call and Rabuzzi (1970) found evi dence for the type

of reflex arc in the cat, when they recorded reflex activity
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in the middle ear muscle of both ears in association with con-

traction of the criclothyroid muscle of the larynx.

State of the larynx as the subject exhaled, exhaled without
phonation after preparing to hum (Hy) ad hunmad a approximately
125 Hz. (Hy) were studied by Benquerel axd Nc Bay (1972). During
the H, activity there was partial adduction of the vocalfold ad
constriction of the glottic sphincter brought about by contrac-
tion of muscles of the larynx. |If the laryngeal muscle action
of the H, activity reflexively elicits middle ear muscle con-
traction, TTS from the H, activity or condition should be similar
in magnitude to TTS from a condition such as non-vocal activity
during exposure which is believed to elicit middle ear muscle con-
traction. However, there was no TTS reduction from the H, acti-

vity, athough non-vocal activity decreased.

The second mechaniam that is postulated to explain con-
traction of the middle ear muscle during phonation is that the
middle ear muscle are stimulated to contract concurrently with
the laryngeal musculature by neural impulses directly from the
motor cortex. If TTS reduction should occur when a laryngectomee
thinks about humming, during the exposure tone, ie., when he
tries to hum without a larynx axd without being able to produce
sound the hypothesis of middle ear muscle activation by neural

impulses from the cortex woud ssem more promising.

2.9 Auditory fatigue associated with non-vocal activities.

Benquerel ad Mc Bay (1972) studied the effect of certain
non-vocal activities on TIS from a 5 min. 500 Hz. 118 dbSL range

Non-vocal activities included turning of the head, swallowing,
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chewing, ad smiling with forceful eye colour. These activities
believed to elicit middle ear muscle contraction, resulted in

less TTS than no activity during exposure.

2.10 Changes in hearing due to auditory fatigue.

With continued presentation of a sustained suprathreshold
stimulus, its judged loudness declines axd becomes inaudible,
thus qualifying as a threshold shift phenomenon.

A shift in the pitch of tones Is also generally associated
with threshold shifts, especially when the threshold shifts occur

over only a limited frequency range. This is musical paracusis.

It is usually studied by producing a threshold shift in one ear
ad then matching the pitch of a tone in the shifted ear to another
tone in the non-exposed ear. The difference in frequency for
equa pitch, as thus measured, Is asaumed to be approximately equal
to the difference In pitch for equa frequency, this particular
procedure defines the degree of diplacusis. It is also possible
to measure use of subjective musical pitch relations such as the

octave (Wad 1954).

Pitch shifts associated with narow bod of masking noise
have mogt recently been studied by Webster axd Schubeart (1954).
They found that the pitch tends to shift away from the region of
shifted threshold. Thus frequencies above region of

madnum masking appear higher in pitch, those bdow slightly lower
than normal. The general conclusions as to direction of shift

are the slight domwad shifts of pitch where fatigue is increasing
with frequency, larger uywad shifts where it is decreasing( Ruedi
ad Furrer 1946, Davis et al. 1950).
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VWard et al. (1961) nade dipl acusi s nmeasurenent on ears
that had been given a broad fatigue - 20 db or nore of shift,
neasured several mnutes after exposure, from1000 to 1300 Hz.
This diplacusis, inthis case was dowward shift of pitch in the
affected ear, anount to about 5%at 500 Hz. dropping to 4% at
200 Hz. and 2%at 150 Hz. No diplacusis could be denonstrat ed
at 100 Hz.

Davis et al. (1960) reported other qualitative changes.
Their subjects said that tones within one half octave above F

soundi ng noi sy, rough or buzzing.

Q her experinentation have reported the devel opnent of
tinnitus after cessation of the fatiguing stinulus(H schchilff
1957). More often, however, if atonal tinnitus is present, it
wll have arelatively high pitch, ie., one corresponding to that
of an objective tone in the 2000- 6000Hz. region. If the tinnitus
has nearly the sane pitch as the test tone, sone nasking may occur,

especially when the test tone is continuous rather than interrupted.

The nost comon subj ective noise heard immediately after
exposure consists of a rushing noise not unlike that of a water-
fall. Strangely enough, this noise does not seemto interfere
with the perception of a test tone, indeed, sone studies have
i ndicated that the gradual di sappearance of this noise is para-
Ileled by an increase in threshold shift (Hrsh and Ward 1952;
Hrsh and Bil ger 1955).

H rsh and Ward (1952) reported that clicks sound 'thud
i ke' an indication that the | ower frequency conponents of the

click reappear before the higher frequency conponents.
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Qt her changes include the devel opnent of recruitment

(Davis et al. 1957, Bekesy 1960) and changes in the tenporal
integration of short tone bursts. Both of these changes suggest

hair cell dysfunction.

The conbi ned effect of |oudness changes and pitch shifts
in auditory fatigue may becone qui et apparent even to casual
| i stening. Wen severe shifts are present, nusic may sound com

pl etely unnusical (Vrd et al. 1961).

In 1947 Rosenblith et al. reported that for a few seconds
after exposure to high intensity pul ses at about 100 per sec.,
a peculiar netallic quality was added to the tinbre of famliar

sounds such as speech.

As Mil l er observed a century ago, suprathreshold stinmuli
may be altered in | oudness, pitch or tinbre follow ng stimul a-
tion usually the changes are so mnor that a conparison with the
unexposed ear is necessary to reveal them Ear with a high
frequency TTS wi Il judge nost sounds containing high frequencies
as muffled or dull. Misicians particularly, also often coment
on distortion of pitch correlated with TTS. Misic may sound
utterly unnusical. Famliar nelodies were recognisable only on
the basis of rhythm |In addition to sounding nuffled, the
orchestra or piano appeared conpletely out of tone. Measurenents
indicated that the downward shift in pitch in the affected ear
was about 3 semtones at 100 Hz. but only 1 semtone at 500 Hz.
Thus since the higher frequencies were shifted dowward in pitch
nore than the | ower ones, harnoni es becone excruciatingly inhar-
noni ¢ and consonances turned to dissonances. Al these changes

were noticed by Ward when his ear was accidentally exposed to
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70 do TTS & ad above 2000 Hz.

2.11 Auditory fatigue ad induced tinnitus.

There have been a considerable number of experiments with
the nature ad extent of permanent or long lasting tinnitus
aurium. Generally, investigators have asked patients with hear-
ing disabilities to describe their tinnitus ad to mach it to
an external stimulus in frequency ad intensity, they have then
attempted with varying degrees of success, to relate their fin-

dings to types of hearing loss ad to the frequency of maexdnum |oss.

Graham ad Neny (1962) have reported that patients with
conductive losses reported tinnitus in a more restricted, low fre-
guency range than did patients with Sn or mixed losses or normda
individuals. Wad (1963) reported that most commoly tinnitus is
a broad band noise resembling that produced by a waterfall, that
when it is a tonal it tends to be of relatively high frequency
2000-6000 Hz. ad that it does, to some extent mak a test tone of

similar frequencies, especially when the test tone is continuous.

Loeb ad Smith (1967) exposed subjects to intense pure tone
ad broad bond acoustic stimuli ad their TTS were measured. They
were asked to mach the pitch of any resulting tinnitus by mani-
pulating the frequency of an adjustable low level pure tone in the
opposite ear. It was found that both the frequency of tinnitus
ad the frequency of the tone used for the pitch mach increased as
the frequency of the traumatic stimulus increased, but madnum loss

frequency axd tinnitus frequency did not coincide.

Atherley et al. (1968) used the term noise induced short dura-

tion tinnitus(NTST) to describe the after sensation that can be



-61-
induced by axd persists for about 15 min. after a fev min, exposure
to an acoustic stimulus that is sufficiently great to produce
auditory fatigue. They exposed subjects one ear for 5 min. to
one third octave band noise centred at either 2, 3, 4 or 6 KHZ
a 110 dbSPL. NIST was mached for pitch ad loudness in the

non-stimulated ear.

They found a close axd consistent relationship between

NTSI ad a madnum threshold shift in that the pitch of one
ad the frequency of the other are both related to the centre fre-
quency of a 1/3 octave stimulus. Bach stimulus also found with
each stimulus centre frequency that the pitch of NISI is dways
lower than the frequency of maxdknmum threshold shift. The diffe-
rence between the pitch of noise induced short duration tinnitus
ad the frequency of madnum threshold shift when expressed as a
distance aong the baailar manare is independent of stimulus
frequency ad is constant at about 1.3 mm,which corresponds to

one critical bandwidth.

2.12 Critical baad ad temporary threshold shift.

The problem of the CB for TTS ssems to have attracted a
considerable interest of a few investigators engaged in the study
of auditory fatigue. But there are few studies in the literature

which deal within this problem systematically.

Pure tone is asaumed to be more dangerous than octave bad
of noise (Anoymous 1956). This was explained on the basis of
critical band hypothesis that stated that if a given amout of
energy were concentrated within a single critical band, itwoud
be more dangerous than if it would be more dangerous than if it

were spread several critical band, eg. over an octave(Kryter 1950).
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Thonpson and Galen (1961) examned the TTS at 500 and
4000 Hz. produced by 5 m n. exposure to pure tone of 500 and
3200 Hz. and to the noise of different band width centered at the
sane frequencies, having an SPL of 110 db. They reported that
TTS at these frequencies were eventually the same regardl ess of
the exposure stinmulus type. Conparing the TTS at sone test fre-
guenci es affected by the exposure, VWard (1962) concl uded t hat
there were no significant differences in TTS produced by a pure

tone and a band of noi se.

Kryter (1963) showed that the anount of differences bet-
ween the TTS produced by one third and one octave noi se was about
4 db in average. He deduced fromthis study's finding that the
critical band width for auditory fatigue was slightly nore than

one third octave bhut | ess than hal f ectave.

Weesing (1968) seens to have paid particular attention to
the problemof the critical band for TTS. He proves the existence
of the critical band for TTS at 1000 Hz. in his own way by using
the pure tone of various frequencies. Nevertheless he dealt with

this problemonly in a qualitative way.

Yamanot o and Takagi (1970) results on the study of critica
band and TTS revealed that the critical band for TTS differs from
the critical masking band in the follow ng points.

1. The centre frequency of the critical band for TTS does not
coincide with the test frequency and it exists about half an octave
bel ow the test frequency.

2. The critical band width in dbs for TTS is about 6 db
wi der than the critical band w dth for nasking.

3. Difference is concerned wth the quantitative relation
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of both phenonena to a noise. |In the masking phenonenon, it is
assuned that the acoustic power of anoise in critical band is
equivalent to that of a test tone just nasked while in TTS, the
rel ationship between TTX and the :@ |evel can be given by
TTS: ® aX+b where a and b are constant that depend on the
exposure tinme, test frequency, the tine between the end of expo-
sure and the neasurenment of TTS. X is a critical band |eve

on SPLwithin the critical band).

e of the interesting problemwhich is little examned is
the relation of the critical band for TTS to the mechanismof the
inner ear. As is well known, the critical band concept by Fl etche
(1953) is closely related to the behavi our of the vibration of the
basi | ar menbrane. The place on the basilar nenbrane at which
the vibration of maxi mum anplitude occurs is supplied to corres-

pond to the frequency which is nost affected.

But the study by Yamanot o and Takagi (1970) show that the
centre frequency of the critical band doesnot coincide with the
test frequency. They investigated systematically the critical
band with respect to TTS. On the basis of the results show ng the
exi stence of the critical band for TTS, the centre frequency and
the width of the critical band at 500, 800, 1000, 2000, 3000,
4000, 6000, 8000 Hz were calculated together with the 95% con-
fidence limt of each value. It was found that the centre fre-
quency of the critical band is about half an octave bel ow the
test frequency and that the width in dbs is about 6 db width

than that or the critical masking band.

This critical band hypothesis is found not to be pertinent

in explaining the different anount os the TTS produced by pure
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tone ad noise of sore intensity level Wad 1963). Acoustic
reflex is responsible for the difference in the amounts of TTS
produced by octave bands of noise axd pure tone, bdow 2000 Hz.
of same intensity. The action of middle ear muscle differs for
noise ad pure tone stimuli. In the case of pure tone, the
muscles after an initial contraction rapidly relax ad hence more
energy reaches the cochlea axd consequently TTS will be more,
whereas noise produces a more sustained reaction(there will be a
continuous rearousal of the reflex of the middle ear muscle pro-
bably because of the random nature of the noise) thereby will be

less as the energy reaching the cochlea will be |ess.

It is reported that the TTS produced by a narrow band of
low frequency noise was consistently less than that by a pure tone
at the same frequency despite the fact that both stimuli are less
than a critical bad in width (Wad 1962). This evidence supports
the acoustic reflex hypothesis add also acts as a counter evidence

to critical band hypothesis.

In another study, TTS was measured for tone axd noise at
equal intensity levels. Later TTS produced by tone, at the same
intensity level, was again measured but this time the contralateral
ear was stimulated by the noise of the same intensity. As
manaural stimulation results in binaural reflex, there was a
sustained reflex even in the ear which was receving pure tone.

The results was that the TTS produced by the tone in this case,
dropped to the same value as that produced by the noiss(Ward 1962)
This study again supports the acoustic reflex hypothesis.

The difference in the amoutt of TTS produced by noise ad
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ad tones when presented at equal Intensity ad for equal dura-
tion can be attributed to the action of middle ear muscle espe-
cially when tones ad noise are bdow 2000 Hz.(Vyasamurthy
et al. 1973).

2.13 Devdopmenta changes of susceptibility to auditory fatigue.

Not enough literature is available regarding this as enough
attention has not been given towards this topic.

Gregory RBodk (1978) conducted a study to assess the deve-
lopmental changes of susceptibility to auditory fatigue in young
hamsters.

Susceptibility to auditory fatigue was studied in young
hamsters by using an evoked potential criterion of sound induced
threshold shift. The characteristics of auditory fatigue as
meesured using evoked response criterion appear to be similar to
the characteristics of auditory fatigue induced by brief exposure

to loud sound in humans (Wad et al. 1959)

Animas agad 15, 28, 40, 54 ad 84 days were anesthetized
ad stimulated with a continuous tone (3000 Hz, 110 doSAL) for
10 min. Threshold shifts 1 min. post exposure wee highest in
animals aged 40 days ad lowest in animas aged 15 or 85 days.
Threshold shifts recovered within 100 min. in 15 ad 85 day old
animals, but required considerably longer to recover in the other
age groups. The data suggest that young hamsters pass through a
critical period of susceptibility to auditory fatigue. Comparison
of this critical period with various indices of the devedopment of
hearing in the hamster suggests that the developmental events

underlying the critical period do not occur in the middle ear.
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The increase in fatigue susceptibility between 15 and
40 days of age is said to be because of hearing is maturing
during this time. The rate at which threshold shift achieves its
asynptotic level varies as a function of age, but the magnitude
of the acoustic threshold shift is constant. Both the rate at
whi ch threshold shift increase and the value of threshold shift

vary with the age.

Young mce (Saunders and Hrsch 1976), hansters (B ock
and Saunders 1977), guinea pigs (Falk et al. 1974), and cats
(price 1976) are susceptible to noi se induced permanent hearing

| oss than for adults.

Novotiny (1975) analysed the results of 160 exam nations
of the auditory threshold after 3 mn. stimulationwith white
noise in different age groups of workers suffering fromoccu-
pational deafness due to the noise. He concludes that auditory
fatigue expressed as the tenporary decline of the auditory
threshold in db is not significantly higher at a nore advanced
age. In the fourth and seventh decade, the values are relatively
the highest but do not obtain a | evel of significance.

2.14. Interaural phase effect on binaural Tenporary threshold
shift.

The psychoacoustic literature on TTS affords little infor-
mation bearing directly on this question. Several studies, do,
however, consider the conparability of nmonaural and bi naural ex-

posures upon nonotonical ly measured TTS.

Hrsh (1958) reported little difference between binaural and
nonaur al exposures in the average ear. Ward (1965) found that

bi naural exposure produced |ess TTS than did nmonaural and concl uded
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that these differences resulted fromnore vigorous contraction of
the mddl e ear nuscle during binaural stimulation. He did ack-

know edge through efferent connecti on.

Quiot (1969) also showed greater TTS for nenaural than
for binaural. Study by Nagaraj a Rao Shi vashankar (1976) reveal ed
that there is no significant difference in TTS between nonaura
bi naural exposures to high frequency tones at equal Intensity

| evel s for equal duration of tine.

VWard (1965) in addition to the acoustic reflex hypothesis
al so considers the action of ollvocochl ear bundl e and cochl uro-
chl ear pathways to account for the reduction in TTS after binaura

exposure to | ow frequenci es.

Shi vashankar's (1976) finding of no difference in TTS
bet ween the nonaural and bi naural exposure to high frequency is
explained in the light of the action of honol ateral olivocochl ear
bundl e. As crossed ol ivocochl ear bundle is not responsible for the
inhibitory effects at high frequencies, this no significant diffe-
rence in TTS between the nonaural and bi naural exposure to high
frequency tones ~at equal Intensity levels for eyual duration of
time, could be due to the action of honol steral ollvocbchl ear
bundl e, which m ght suppress the responses reaching the higher

centres.

Mel ni ck (1970) presented a fatiguing signal of 500 Hz. for
2 mn., at 120 dbSPL either nonotically to the test ear binaurally
I n phase or he subsequently recorded nonotonic TTS at 750 Hz.
and found | ess TTS with binaural exposure. The interaural phase
of binaural signal did not seemto have a significant effect on the

magni tude of TTS.
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Fig. 7. Mean TTS for a test signal of 750 Hz. following
monaural, binaural phase, blnaural out of phase
by 180° exposure of 2 min. to a 100-600 Hz.
filtered bandof noise at an overall 9L of 120 db
(William Mdnick 1967).

Pairing of simultaneously occurring tone axd noise stimuli
of like interaural phase demonstrate negligible masking level
differences while sequentially occuring tone stimuli having like
interaural phase relationship exhibited mog TTS Randolhp ad

Gardner 1973).

Randolph ad Gardner(1973) varied the interaural phase
relation of pure tone exposure ad recovery stimuli sequentially
to explore TTS for four conditions of binaural listening. 17
norma hearing subjects were exposed binaurally for 3 min. to a
500 Hz. tone a 100 dbSFL. TITS for the same tone was subsequently
tracked binaurally for 5 min. significantly greater TTS resulted
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from honphoni ¢ conditions where theexposure and teat tones
were of the like phase relationship at the 2 ears than for anti-
phase condition where the exposure and test tones respectively-
differed in interaural phase by 180°. Interaural phase relations
of an intense exposure stinmulus thus influenced subsequent

bi naural ly determned TTS.

2.15 Acoustic reflex and auditory fatigue.

The reflex contraction of mddl e ear nuscle in response
to acoustic stimuli known as the acoustic reflex alternates
sounds bel ow 2000 Hz. by upto 20 db. This is believed to protect
agai nst noi se induced hearing | oss. The effectiveness of the
protection is limted with steady state noi se, however, by the
adaptation of the reflex that occurs within a fewmns. Like-
wi se, with short duration (eg. 1-4 nsec.) inpul se noises the
auditory fatigue is rendered ineffectively by its 5 to 10nsec.
| atency. On the other hand, if the inpulses occur within inter-
vals of 2 secs, each suceeding inpulse arrives before the pre-
vious reflex contraction has fully subsided and sone degree of
protection results. There is also evidence that when extrenely
| oud i npul ses are expected, the mddl e ear muscle can contract in

anticipation of them and provi de sonme protection thereby.

Refl ex may be nore effective wth:

1) if a steady state noise is added to stinulate the reflex
i mediately prior to inpulses or if inpulses occur in rapid
successi on or

2) by decreased adaptation as when inpulses intermttencies
or level fluctuations are superinposed on steady state noi se or

where noi se of wide band type is over about 120 dbSPL(Col es 1974)
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Mare recent work suggest that with rapidly repeated
impulses also there is still no clear relationship between acoustic

reflex threshold ad TTS

Bernath (1973) discusses the auditory adaptation of norma
persons over the hearing threshold. He drawv adaptation of acoustic
reflex over the hearing threshold parallel to an automatic feed-

back system.

Nilsson ad Liden (1980) expossd norma hearing subjects to
30 min. of tape recorded shipyard noise of 97 db. which is cha
racterized by a variable temporal structures. The stapedius
muscle activity was continuously recorded in the opposite ear
as a change of the ear's acoustic impedance. The reflex function
was assessed as stimulus response curves obtained before axd at
various after exposures. A. slight reflex fatigue was observed
together with a parallel shift of the stimulus response curve
(average 4 db). The recovery was dow ad not complete even
10 min. after the ad of the exposure. The stapedius reflex
dowvaed slight decay after a 30 min. exposure to industrial noise,
recovery was slow. The resistence of the reflex to fatigue contra-
dicts the rapid decay during puretone stimulation. This has been
supported by Luscher (1950) ad Kobrak et al. (1941). This fatigue
resistence supports the assumption of the middle ear muscle being

active throughout a noisy work day.

Dunavitses (1971) studied auditory adaptation to sound
@D Hz) IN 80 PARENTS WITH OTC8.HRC8S BEFORE ad after stape-
doplasty. persons with norma hearing constituted the control
group. The man values of increased auditory threshold both before
ad after the operation shomed no significant difference from the

indices of control group. By the time of reverse adaptation the
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patients were divided into 2 groups. In patients of the first
group the time of reverse adaptation failed to differ from the
indices of the control group ad constituted ,6. In persons of the
second group the time of reverse adaptation weas considerably pro-
longed. Comparison of adaptation curves in patients after stape-
doplasty carried out without disturbing the Intactness of the ten-
don of the muscle stapedius ad in the same number of patient with
derangement of this anatomical formation showed no significant

difference.

Perception of the frequencies of 3000-8000 Hz. by BC in
persons wo have worked after stapedoplasty in condition of noise of
70-80db donvmed no significant change. This concludes that patients
wWho sustained stapedoplasty can wok under condition of moderately

intense noise.

Zakrisson et al. (1975) conducted experiment in 18 patients
with peripheral facial palsy including unilateral stapedius muscle
paralysis. After exposure to narow band noise at O.5KHz. TTIS
at 0.75 FHz. was significantly higher in the ear with paralysis than
In the norma ear. After exposure to 2000 Hz. narrow band noise
there was no difference in TTS a 3000 Hz, between affected and non-
affected ear. It was concluded that the stapedius reflex has a pro-
tective function against low frequency sound exposure and suggested
that this protection might be extended to higher frequencies only

when high frequency noise also contains low frequency components.

A reduction in the sound transmission of 2odb has been found
by acoustic middle ear reflex mainly in the low frequency range
(Pichler ad Bornschein 1957, Nurgaart et al. 1963, Borg 1968,
Concura 1970).
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Fletcher (1962) dvowad that a tone which elicited a sta-
pedius reflex could diminish the TTS after exposure to rifle noise
by about 10 db.

Lehnardt (1959) found that TTS madnum after exposure to
broad bad noise was a 4000 Hz. when the stapedius reflex normally
but shifted to 3000 Hz. when the stapedius muscle was paralysed by

a muscle relaxant.

Patients with unilateral facial palsy have been homn to be
more sensitive to auditory fatigue (Perlman 1938) to have an
increased sensation of loudness, (Japsen 1957) axd phonophobia
(Hansen 1965) on the paralyzed side.

Johanson et al. (1967) found a close correlation between
TS a 500 ad 1000 Hz. ad the latency time, the rise time ad full

activation time of the contralateral reflex in 5 subjects.

Brasher et al. (1969) however, could not establish any signi-
ficant correlation between TTS a 1000 and 4000 Hz. ad the reflex,
reflex threshold, the contraction strength initially ad after
2 min. of the contralateral reflex in normaly hearing subject.

Lov frequency noise can be especially harmful under the
following conditions:

1. W the low frequency sound is repetitive ad has mod
of its energy within the latency of the stapedius reflex.

2. When the stapedius reflex response is abnormally wesk
such as when influenced by alcohol or barbiturates (Borg ad
Melleter 1967)

Lov frequency pure tone produce more TIS than low frequency

bands of noise because of the differential effects of the acoustic
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reflex in responding to these 2 types of sounds. 1In a series
of experinments concerned with TTS, Ward (1962) found that, a high
frequency pure tone and a high frequency band of noi se of equal
3PL produce nore TTS than a | ow frejuency band of noise. Vard
hypot hesi zed that acoustic reflex was responsible for the diffe-
rence between the TTS produced by the |ow frequency pure tone and
the | ow frequency noise. Inportant to this hypothesis are the
supposi tions that the acoustic reflex affects |ow frequency signal s
nore than high frequency signals and that the intraural nuscles
especially the stapedius nmuscle, relax or adopt in the presence of
pure tone, but sustain contraction in the presence of randomnoi se.
Ward supported his hypothesis by showi ng that the TTS produced by
a 700 Hz. tone can be reduced if a |low frequency noise is presented
sinmul taneously to the opposite ear. Presumably the noise presented
to non-test ear kept into the intraural muscles contracted in

both ears.

MIl and Lilly (1971) exposed 6 subjects with an acoustic
reflex and 6 subjects without an acoustic reflex on separate
occasions to a 710 Hz. pure tone and to a one eighth octave band
noi se with an upper cut off frequency of 710 Hz.. Both exposures
were 10 mn. at 110 dbSPL. TTS was neasured at 1000 Hz. For the
subjects with an acoustic reflex, the pure tone exposure threshold
10 db nore TTS, than the noi se exposure. However, for the subject
wth an acoustic reflex, the puretone exposure and the noi se ex-

posure produced the same amounts of TTS.

A TTS reduction paradi gm has been used previously to eva-
luate the effects of acoustic reflex action on sound transm ssion
to the cochlea (Karlovich, Abbs and Luterman 1972). This paradi gm

I ncorporated dichotic exposure (Exposure tone in one ear. broad
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band noise in the other) similar to paradigms used by others to
deduce acoustic reflex involvement in TTS Wad 1965, Mills ad
Lilly 1971). Results indicated that TTS generated by a 1000 Hz.
exposure tone in one ear was reduced if a 100 doSL pulsed broad ba
noise was presented simultaneously to the contralateral ear.
Karlovich ad Wiley (1974) obsarved that reduction in TTS and
was related to the temporal pattern of the contralateral noise.
The least reduction in TTS occurred when the contralateral noise
was continuously on or when its period was 36 secs.(50% duty
cycle). Additional reduction in TTS was observed when the noise
period was decreased to 36 msec, ad further TTS reduction occurred
when the period of the contralateral noise was decreased to 27
360 msec, which was the shortest period used. Karlovich axd Wiley
hypothesized that their TTS data reflected in part, the dynamic

properties of the acoustic reflex.

Reflex relaxation may be an important factor in determining
the effectiveness of the acoustic reflex in response to pulsed sti-
muli is evidenced by data from a TTS study (Ahaus ad Wad 1975).
They exposed subjecs to a pulsed low frequency noise (50 msec. on
time) but varied the off time between noise burets from 50 to 650
msec. The total energy during exposure was held constant by adjus-
ting the exposure duration. They found that TTS, averaged across
frequency mogs affected by their noise spectrum was least for the
shorter off times (50 ad 150 msec.) ad greatest for the longest
off times (6550 ad 650 msec.). They attributed the results to the
dynamics of the acoustic reflex especially reflex relaxation. They
stated for the 50 msec. off time each noise burst should reach the
before the muscle contraction elicited by the burst had recovered

axd amnnmum of TTS might be expected.
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2.16 Theories of TTS:

Davis et al. (1950) suggested that TTS effects are related
to tenporary danage to the organ of corti. Hood (1950) related
sone of his findings to equilibration and sone to place and fre-
quency theories of the action of cochl ea.

However, the first systematic attenpt to fornulate a theory
regardi ng the nechanismof TTS cane fromRosenblith (1950) who
noted that TTS and nmasking of one sound by another, are simlar
in that both produce

1. shifts in threshol ds

2. changes in yl oudness

3. changes in pitch

4. effects upon | ocalization and

5. a symetrical spread of the effect with lowintensity
stimulation, whereas high intensity stinmulation produced an
asymmetrical spread of the effect. He suggested that TTS is
explicable in terms of residual masking. This 'residual masking?
theory of TTS was suppl enented by work of Von D shock (1953) and
Mller, J.D. (1958). Hallpike and Hood (1951) concluded that TTS
I's associated with subnormal functioning of the organ of corti.
pool er (1942), Jerger (1955) etc., also indicated the inportance
of inner ear innediating TTS. Hughes and Rosenblith (1957) have
shown that recovery of the cochl ear m crophoni cs exhibits many

simlarities and recovery fromTTS.

Botsford (1968) recognised 4 different conponents responsi-
ble for the disagreenment of TTS values at very early or very late
recovery tine as an exponential function of tines. He suggested
that the single electrical analog of the theory nmakes a sinple TTS

neter for appaai sing noise hazard. Keeler (1968) also has sugges-
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some nechanical and electrical nodels for TTS.

2.16.1 Hearing Damage Theori es:
These are relied onto set limts for shorter daily expo-

sures and they do not yield the same results either for continuous
or for intemttant noises. However, one seens better for conti-
nuous and the other for intermttent noise (Aorig 1971).

2.16.1.1 Equal Energy Theory:
It reasons that hearing damege risk is determined by the

total anount of noise energy to which the ear as exposad each

day (8 hours). Thus for half-a-day exposure (4 hours) regardless
of how the exposure is distributed throught the 8 hour period,

3 db greater noise levels are permissible for the same risk.
Similarly each halving of energy permits adding 3 db. to the noise
levels permissible. This theory has been verified for continuous
noise, ie., a single long exposure each day. This rule has been
recommended by 1SO/TC-43/SC-1, 1969. The Wash-Hedy Act 1969,
has however, adopted a 5 db rule viz. for every halving of the
duration of a partial exposure, the intensity of the exposure can
be increased by 5 dbz without increasing the risk. Burns ad
Robinson's (1970) equal energy hypothesis (EEH) - stating that
exposure of equal total energy (the product of powe ad time)
are equally dangerous has been questioned for its validity by
Wad ad Neson (1971), ad by Scheiblechner (1974).

2.16.1.2 Equad Temporay effect Theory:

It states that hearing damege risk is related to TTS in
young ears that results from noise exposures. This theory is based
on observation that those noise exposures that ultimately produce

permanent hearing loss also produce temporary hearing loss. The
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converse is also true. TTS studies indicate that intermttent

noi se is much less harnful than steady noi se.

In contrast to the 'energy principle!, which depends on a
physi cal expl anation, the 'equinociuity principle® is based on
the hearing organ itself as a biol ogi cal neasurenent device of the

noxi ousness of noi se environnents.

2.17 Tests for Susceptibility to Noise induced hearing |oss:

It has been hoped that there exists a unitary characteri -
stic of ears called 'susceptibility' - a characteristic that deter-
mnes relative resistance of that ear to both tenporary and per-
manent danage (a) fromlong or short exposures (b) at high or |ow
intensities (c) to high or low frequency stinmulation from(d) tone
noi ses or inpulses of any shape or 3pectrun(e) that is relatively
invariant for an individual throughout his life span (Vrd 1963).
This is based on the general recognition that there are individua
differences in susceptibility of ears to damage from exposure
to noise. Many references have been nade in the literature to
"tough' ears and 'tender' ears, referring to differencies in degre
of susceptibility. A considerable attention has been focussed
on the problemof identifying those individuals, who, when placed
in a noi sy working environment, would be nost susceptible to NTHL
(Newby 1972). The assunption has been that if such individuals
could be identified, they could be provided with the best possible

ear protection when they are working in noise.

According to Newby (1972) these tests can be grouped
nmainly into two, i.e., tests based on TTS nmeasurenent and tests
on aural harnonic distortion neasures. Here we are concerned only

wWth tests based on TTS neasur es.
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The mathod involves presenting a subject with a fatiguing
stimulus that mey be either a pure tone or wide bad noise. After
a prescribed period of exposure to the fatiguing stimulus, the
degree of shift of subjects threshold at some frequency (usually
aound 4 KHz ) is messured immediately axd after soae time

following the cessation of the fatiguing stimulus.

Predictions of susceptibility are then mede on the basis
either the absolute amout of the threshold shift observed, or
the time required for subjects threshold at criterion (or test)
frequency to return to normal, ie., its prestimulation level.
The individual wo incurs the greatest amout of threshold shift,
or wo requires the longest time for his threshold to return
to normd level, is then preumed to be the mos susceptible to
permanent irreversible hearing imparment if placed in a noisy

environment for his working life.

Ward's (1963) suggestion of a multifactor test that in-
volves the determination of the growth of TTS after two or more
values of: 1) exposure time 2) recovery time 3) exposure frequency
4) exposure 1. 5) test frequency 6) interruption rate (for inter-
mittent noise) ad 7) pulse repetition rate (for impul-

ses ) is also one of tests.

According to Kryter (1970), it seams that the pure tone
and broad band noise tests of TTS, , proposed by Wad (1967) ad
Harris (1967), plus a TTS test for impulsive sounds would be
appropriate for evaluating possible, if not probable, susceptible
to noise induced hearing loss. Further it ssems logical to score

these tests in terms of HL, plus TTS as an index of susceptibility
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The test and retest results should be conbined to give better

estimation of susceptibility (Kryter 1970).

The rational e for such test, in general, is based on
assunption that the ear nost susceptible to tenporary fatigue or
TTS, other things being equal, is the nost likely to suffer sone
per manent danmage. In general, while the relations between noi se
exposure and TTS and noi se-exposure and PTS nay be simlar, it
has been difficult, if not inpossible to denonstrate that the
persons or aninmals nost susceptible to TTS are |ikew se the nost
susceptible to Nl HL.. Sone possible explanation for this
have been suggested by Kryter (1970).

1. Susceptibility to TTSwithin individuals froma given
tone or band of noise is not too highly correlated with the TTS
found fromexposure to a different tone or band of noise(Q eissen,
1951, Ward, 1967), nostly because that the hearing | evel at diffe-
rent frequencies could have as long as 35 db range in nornals
(i.e., therange is from-10 to 25 dbH. re |1 SO) .

2. The noise in industry may be but one of the noises to
whi ch nen are exposed in their daily lives, thereby introducing some

uncertainty and variability in the data.

However, not being able to prove a strong correl ati on between
the results fromthe susceptibility tests and eventual N HL, does not
nmean that sonme persons do not have ears that are generally nore
resistent to NIHL than ot her persons, or that under some circunstance
testing and screening programres for this ability or |ack thereof,

woul d not be worthwhile (Kryter, 1970).

The grounds for a provisional acceptance of a relation bet-

ween tenporary and permanent threshold shifts depend on evi dence



Tabl e:

Proposed susceptibility tests involving TTS

Sl. Stimul us Exposure
No. Report KHz. t.evel Duration Recovery tine Test frequency
(db) (mn.) (mn.) (KHz

1. Peyser (1940) 0.25 80( HL) 0.5 0.5 0.25

2. Wlson (1943 0.25 80( HL 5 1 Cctaves of 0.25
3. Peyser (1943 1 1 HL 3 0.25 1

4. Theil gaar d( 1949E 0.5, 1, 1% HLg 5 5 Hal f octave above

2, 4 exgosure

5. Thei |l gaar d(1951) 100 l%%é I—L; 5 5 1.

6. Tonner (1955) 1 100 HL 5 | medi atel y 1

7. Theil gaard, according 1.5 10O HL) 5 5 2

to Qeisen

8. WIson (1944) 2 80( HL) 8 1 Cctaves of 0.25
9. Harris (%954 97 SPL 5 Par anet er 4

10. Palwa (1958 9 30 SL 3 2 2

11. Van D shock (1956 2.5 100( HL) 3 0.25 all (sweep)
12. QGeisen (1951) 3 80 and 5 5 4

90( HL)

13. Jerger andlcé%%?art 3 105SPL 1 Par aret er 4
14. Jerger an(1(5a5r6r)1art 3 100SPL 1 Par anet er 4.5
15. Wheel er (1950) Noi se 105SPL 1 Par arret er 2,4, 6
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such as that obtained by Jerger and Carhard (1956), Kylin (1960),
Qorig et al.(1961), and others. The general postul ate reached
by Kryter et al. (1966) after study of the available data, is
that the average PTS resulting fromnearly daily exposure,
8 hour per day for about 10 years to a particular noise, is
approximately equal in db to the average TTS; produced in young

normal ears by an 8 hour exposure to the sane noi se.

Recently, Burns (1970), Burns and Robi nson (1970) and
Burns et al. (1970) have discussed the relation of suscepti -
bility to tenporary and permanent shifts, in nore detail. Using
the indices of susceptibility to TTS (D - the deviation of
I ndi vi dual points positive or negative, fromthe regression
line for TTS against hearing | evel) and susceptibility to PTS
(D - the deviation of individuals age correlated hearing |evel
fromthe predicted nean val ues for persons of the sane age, sex
and noi se exposure), they observed | ow, but statistically signi-

ficant values of the correlation coefficients.

However, Luz et al. (1973) point out the need for further
studies to establish the relationship between TTS and PTS, and
states that at best, TTS could only be used to pick out the nost
suscepti bl e individuals within a given noi se environment. Vérd
(1963), too, has cautioned earlier, that it would be unw se to
restrict oneself to neasure of TTS as the only indicators of
susceptibility.

2.18 Psychoacoustic correlates of susceptibility to auditory
fatigue.

| ndi vidual differences in susceptibility to TTS and PTS have
been apparent since the 1830's (Fosbroke 1830). Agreat deal of
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interest and research has been directed toward using differences
in susceptibility to TTSto predict susceptibility to PTS. Sone
i nvestigators, however, have studied possible relationship between
susceptibility to TTS and ot her psychoacoustic tasks. In 1954,
Law ence and Bl anchard suggested that a psychoacoustic neasure
of cochlear nonlinearity, the aural overload test, mght be a
correlated of susceptibility to auditory fatigue. Later it was
shown to be the case by Humes (1976) and Humes Schwartz (1977).
Ward (1968) found a negative correlati on between anount of TTS and
two neasures of contralateral masking. In this study, the neasure-
ment of perstinulatory fatigue was found to have no consi stent
relationship to TTS. 1In 1969 Hood suggested that a neasure of
| oudness di sconfort [evel mght bear a relationship to TTS susce-
ptibility. Hunes and Bess (1978), however found no significant
correlation between TTS and LDL. Mycheal and Bi enuenue(1976)
suggested that measure of critical band w dth phenomena m ght

correlate with susceptibility to TTS.

Mustai n and Schoeny (1980) designed a study to expl ore psycho-
acoustic correlates of susceptibility to auditory fatigue.56 nornal
hearing subjects were given auditory fatigue tests. The high
frequency test contested of a 3 mn. exposure to a 110 dbSPL,

2000 Hz. pure tone with TTS neasured at 4000 Hz. The |ow frequency
test consisted af a 3 mn. exposure to a 115 dbSPL, 500 Hz. pure
tone, with TTS neasured at 1000 Hz. Amount of TTS and TTS recovery
tine were conpared with performance on a test battery consisting of
M.D, brief tone audionetry, speech discrimnation in noise and
threshol d of octave nasking test. The rationale for the selection
of each psychoacoustic taks as a possible correlate of suscepti-

bility to auditory fatigue as given by the Mustoir and Schoenv
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2.18.1 MLD - are a measure of the ears increased ability to
detect a binaural signal in noise when the signal or the noise
at one ear differs in phase relative to the other ear. The magni-
tude of the MD is the db difference between the masked
threshold for a particular listening condition, such as the anti-
phase condition, SNy in which the signals are 180° out of phase,
ad a homophadc condition, usually, SNp , in which the signals are
in phase. This homophonic condition usually serves as a reference
condition. MD meassurement have aeen fhown to be sensitive indi-
cators of central auditory pathology, particularly in the areas
of the brain ssem (Noffeinger, 1972; Olsen, 1976). Cochlear patho-
logy has also been dhown to affect the size of the MLD(Olsn, 1971,
Ouaranta, 1974, Schosny, 1968). Moreover there are reports
of abnormally small MLDs in patients with norma pure tone
threshold sensitivity (Noffsinger, 1974; Schoeny, 1968). Auditory
fatigue is generally recognised as a cochlear phenomeno. However,
several recent studies have suggested that there are central conpo
nents (Babinghass, 1975, Salvi, 1975). In as muh as M3
are sensitive to both central ad cochle™ dysfunction, this psy-
choacoustic task was considered a potential correlate of suscepti-
bility.

_ _ _ temporal
2.18.2. Brief tone audiometry is a procedure for assessment of/

summeation involving a comparison of threshold sensitivity for

lond axd short duration tones. Several studies have suggested that
B.T.A mey be sensitive to cochlear damage even when there is no
significant pure tone hearing loss (Ganewdl, 1966; Komoutic, 1973)
Sne have explained this finding by suggesting that norma hearing
subjects mey have subclinical cochlear pathology which is reveaed
by a flattened threshold duration fuction, especially in the high
frequency region (Barry, 1974). In as nudh asBTA is sendtive
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to subtle cochlear |esion, particularly to outer hair cell, it
was expected that thistasks mght correlate with susceptibility to
auditory fatigue, a process which also involves the cochl ear cell

2.18.3 The TOMTest; The tan test is a tonal masking techni que

used to estimate the threshold of cochlear distortion or non-
linearity . It serves as asinpler alternative to the aural over-
|load test of Lawence and Bl anchard. The close reltionship between
Tomtest results and the threshold of aural overload nade the Tom

test a potential correlate of susceptibility.

2.18.4 Speech discrimnation in noise; It was hypothesized that

speech discrimnation ability tested in the presence of noise would
also correlate with susceptibility to auditory fatigue. Cupp and
Phillips (1969) observed large individual variation in discrimna-
tion ability in the presence of noise. They suggested that certain
normal hearing listeners who performpoorly in difficult listening
situation, may have normal fragile ears. Such variation in subject:
with normal pure tone threshold sensitivity suggests that speech
discrimnation in noise is nore sensitive to subtle differences in
the auditory systemthan in pure tone threshold testing. The
differences may be the result of mninal neural damage, either in
the cochlear or in the central auditory system Perhaps such neural

damage is a contributing factor to individual susceptibility.

They found a small negative correlation between the anount of
TTS and the results of the threshold of octave masking test and the
results of brief tone audionetry subjects with |arger anounts of
TTS tended to have | ower threshol ds of octave nasking and flattened

threshold duration funcati on.
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The identification of psychoacoustic tasks which correlate
with susceptibility to TTS would be for several reasons.

a) These psychoacoustic task could be used as new indices of
susceptibility to noise induced hearing loss replacing tradi-
tional TTS based susceptibility test.

b) If several correlates were identified, they could be used
test battery for susceptibility testing.

c) The identification of psychoacoustie correlates of TTS
may al so provide new information about the areas of the auditory
systeminvolved in the fatigue process. Certain psychoacoustie
tasks evaluate the status of specific areas of the auditory
system and could be useful in further refining the site of lesion

of auditory fatigue.

d) A test battery conprised of psychoacoustie correl ates of
susceptibility to TTS may be useful in detecting mniml auditory
dysfunction. It is generally accepted that the pure tone audio-
gramis a poor indication of the histological status of the audi-
tory systemespecially of the cochlea (Ward, 1971; Lipsconmb, 1975).
Several auditory pathol ogy, including noise induced danmage, are
gradual processes which eventually culmnate in a pure tone hearing
| oss (Hawkin, 1973). |If auditory pathology is to be identified
before irreparable damage results in a pure tone hearing |oss then
new tests which are sensitive to subtle dysfunction nmust be used.
| ndi ces of susceptibility to auditory fatigue can be considered
more discrimnating neasure than are pure tone threshold because
persons with identical threshold sensitivity show varying anounts

of TTS follow ng identical exposure.
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2.19 TTS and Hock and Roll nusic:

| ncreasi ng concern about environmental noise pollution has
pronpted studies other than those in which acoustic trauma has
been experinentally induced or attributed to industrial or mli-
tary exposure to loud sounds. In the past decade the majority of
young peopl e have voluntarily exposed thenselves to highly anpli-

fied rock and roll, discontheque or popnusic.

A well record for conflict between the parents and their child-
ren i s popunusi c. The young generation consider it alegitimte
ri ght to hear popnusic at very hi gh sound | evel s bot h i ndi scot eques
when dancing and at concerts. Naturally their parents worry
about the children's hearing with exposure to what they consider
not nusic but noi se, especially when the sound is presented at
| evel s which, for the parents certainly are above the disconfort
| evel .

Wthin the past 2 to 3 years, attention has been focussed on
the potentially harnful effects of rock and roll nusi ¢ upon
human hearing. Nunerous articles in western |lay press have warned
young peopl e that exposure to rock and roll nusic w |l undoubtedly
result in serious pernmanent danmage to their auditory mechanism An
expression of this concern by experts has al so begun to apnear in

various professional publications.

Newspapers and mazai nes articles have reported that the
intensity of rock and roll music ranges from 120 to 130dbSPL. A
review of actual research findi ngs, however, reveals that the average
intensity of rock and roll music is considerably |ess intense than
those estimate given in the lay press. Specifically, the average

intensity of anplified rock and roll music neasured with the |inear



-87-
scale (broad frequency response) of a sound level meter is approxi-
mately 104 to 111 dbSPL. at distances ranging from one to 20 feet
from the centre of the stage. This finding is based upon sound
level meter measurement mode in six independent studies in four
states (California, Michigen, Minnesota and Tineuse). The

results of the investigators are presented in table below;

Study No. of AIll groups Loudest least loud
groups group group
Lebo et al. 2 1135 118 199
(1967)
Libscomb
(1969) 1 122
Rintelman
(1969) 7 107.7 114.5 105.6
Rintelman ad
Borus(1968) 6 105 108 96
Plugrath(1969) 10 103.9 114.8 97.7
Speaks ad
Lelson(1968) 10 110.5 120 105

Average overall S in db of Rock ard "Rdl groups measured
in 6 different investigations.

Measurement of S axd frequency distributions led L&
ad Oliphant 1968 to conclude that prolonged exposure to such
music was unsafe. Kryter (1970) described rock ad roll as
intermediate between impulsive axd non-impulsive sound and pointed
out that it exceeded limits set forth in DRC. Rintelman ad
Borus (1968) investigated musicians wWio were exposed to this type
of music as an occupational hazard axd reported that only SY«f
42 performers had permanent hearing losses after long term exposure.
Mog workers have argued that rock ad roll produced at |east
temporary changes in the threshold of hearing. Rise et al (1968),
Speaks et al. (1970), Jerger ad Jerger (1970) measured shifts in
the hearing threshold of performer at 2 min, 20 to 40 min. ad
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1 hour respectively after exposure. Tenporary hearing | osses
were present In alnost all subjects andpernmanent | osses were
recorded in about 25%of the nusicians. Lab. studies, because of
recogni sed risk to hearing have necessarily limted the exposure of
subjects to rock and roll nusic to one |ession of an hour or
| ess (Dey, 1970; H ckling, 1970). Recently Rnterman et al.
(1978) had 20 subjects listen to an hour of rock and roll nusic
under both continuous and intermttant condition. The hearing
recovery pattern was followed up to 90 mn. after exposure and it
was concluded that daily exposure over an extended period be

hazar dous to heari ng.
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Subj ects who initially had snall threshold shifts tended to
have | ess TTS for succeeding rock and roll sessions than subjects
who initially had larger shifts in hearing level. A though indi-
vidual hearing recovered between sessions, the average TTS

general |y becones worse over the succession of weekly exposures.

The factors increasing the risk for hearing loss in pop nu-
sicians was studied by Axel son and Lindgrea (1977). The follow ng
factors were found to have statistically significant influence on
headi ng: ageing, brief exposure as per session, |ong exposure
tine in years (2000 Hz.) participation in mlitary service(250 Hz)
listening to pop"” nusic with head phones(2000 Hz) .

Axel sson and Lindgren (1978) studied TTS in pop nusicians and
in listeners, This was explained by slightly inferior hearing
threshold | evels.than in the audi ence before exposure. After 2 hr.
of exposure to live pop nusic a TTS, appears in pop nusicians
after an exposure to 98 db(A) as opposed to listeners where TTS,

appearing at 92 db(A).

The amount of TTS, that could be allowed w thout risking a
permanent hearing loss is the question actually put. CHABA sets
the maximumlimt to 10 db. on 1000 Hz. and below to 15 db. on
2000 Hz. and to 20 db. on 3000 Hz. and above. Tf we relate this
figure to the Axel sson and Lindgren (1978) investigation it appears
that a TTSg of 15db for listeners would result froman exposure to
2 hours of 100db(A). It suggests that this could be used as an
approxi mate indication of the permssible exposure |evel on one
session of pop nusic or a pop nusic concert etc., which is limted

to 2-4 hr.
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Chuden and Straus (1974) denonstrate that pop nusic presented
in a head phone induced |ess TTS than BBN of the same equi val ent
| evel duration. This could indicate that the personnel experience
of the noise eg. a neaningless |ess noise isS one case versus

beautiful loud sounds, would result in different TTS | evel s.

Al though the rel ationshi p between noi se induced tenporary and
per manent thresshold shift is still not clear, the fact that the
hearing of nost teen agers in different study returned to original
| evel s of sensitivity does not rule out possible damage to the
sensory el ements of the inner ear. H stological examnation of
both human and ani nal ears have shown that |arge nunber of hair
cell may be mssing along the organ of corti when hearing thre-
sholds are reported to be clinically normal. Recent data from
studi es of the cochl ea of chinchillas and nonkeys, exposed to
| oud noi se to produce TTS reveal ed that the inner ear underwent
observabl e permanent changes inspite of the recovery of nornal
hearing sensitivity (MIls et al..1970; MIller et al. 1971
Pinheiro et al. 1972).
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Smmay:
The experimental literature on AF is discouragingly large.
As a matter of fact, in auditory fatigue the unsolved problems
greatly outnumber the established facts.

Auditory fatigue is a term used to describe a temporary change.
Usually, but not always, a decrease is threshold sensitivity followi
exposure to another auditory stimulus. Auditory adaptation refer
to any change in the functional state of the auditory system brought
about by an acoustic stimulus.

Auditory adaptation and fatigue occur parallely, evidences
available from the psychophysical data show that auditory fatigue
and adaptation reflect different physiological changes. There are
marked differences in the characteristic of the time courses of the
two phenomena of both in respect to their development, their re-
covery, their dependence upon intensity and duration ad their fre-
quency distribution and these have their identical subjective
counter parts in auditory fatigue and adaptation.

Fatigue remains small ad constant as the duration of the sti-
mulating tone goes up from 0.1 to about 5 sec. As the duration is
Increased further between 10 and 60 sec, the fatigue Increases
linearly in db. Above 1 min., as durations are increased to
64 mins. fatigue increases more and more rapidly with duration.

The more intense the stimulating sound, other things being
equal, the greater is the auditory fatigue at any instand and the
longer it will last.

The maximum temporary hearing loss after prolonged exposure to
to loud tones appear at a frequency that lies approximately one-half
octave above the stimulating frequency.



-90b-

The longer one waits before measuring the absolute threshold
for a test tone after the cessation of the stimulating sound, the
less will be fatigue. Recovery from maximum temporary hearing |oss
is rapid at first and then more gradually approaches normality.
Recovery process seems to be relatively independent of test fre-
quency . Multiphasic recovery, diphasicity has also been reported.

Increased responsiveness after stimulation Is termed sensitl-
zation. It is not restricted to the ear exposed. Its effects can
be seen earlier for test frequencies below the exposure frequen-
cies than for those above it.

A number of factors like resting threshold, drug effect,
etc., havebeencorrelated with auditory fatigue.

During the process of continuous stimulation of the auditory
system, functional changes will take place at the hair cells,
endolymph, the neural discharge.

Reports regarding auditory fatigue and iris pigmentation say
individuals with highly plgmented irises experience less TTS than
with less plgmented irise.

Vocalization, hunming and nonvocal activities during the
fatiguing exposure results in less TTS than no activity during
exposure. These activities are believed to elicit middle ear muscle
contraction.

Pure tones are reported to be more dangerous than octave band
of noise. This was explained on the basis of critical band hypothe-
sis earlier. Nowv this has been refuted. Acoustic reflex is responsi
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ble for the difference in the amounts of TTS. Mddle ear nuscle
action differs for noise and pure tone stimuli. Pure tone sti-
nul ation produce an initial contraction and rapidly relax and
hence more energy reaches cochlea. Noise produces nore sustained
rearousal of the reflex.

The average intensity of anplified rock and roll nusic is
approxi mately 105db. Several studies report prolonged exposure to
such nuscle is unsafe and TTS is also been reported.

| ndi vidual differences in susceptibility to TTS and PTS
are well recognised. A great deal of interest and research has
been directed towards using differences in susceptibility to TTS
to predict PTS. Some have studied possible relationship between
susceptibility to TTS and ot her psycho acoustic tasks. Some have
found overload test, brief tone audionetry, and octave masking
test to be a predictor of TTS.
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CHAPTER 3.
AUDI TCRY ADAPTATI ON
3. 1. | NTRCDUCTI ON

The first investigation of auditory adaptation of any sort was
that of Dove (1859) who noted during the course of a study of
bi naural beats, that if one ear was exposed for sone tine to a
tuning fork, then binaural presentation of this same frequency
would result in perception of a tone only at the unexposed ear.
He placed one tuning fork of an identical pair at each ear.
Both of themwere vibrating inperfect synchrony. Cnhe of the forks
rotated continuously around its long axis (thus producing an
intermttent sound) while the other one did not rotate(thus
produci ng a continuous tone). It turned out that the sound of the
stationar fork appeared weaker to the observer than that of the

rotating fork.

Fl uegel in 1920 reported a series of experiments in which
he systenatically determned the effect of various paraneters on
both perstimulatory and post-stinulatory adaptation carefully done
studi es whose generally is limted only by fact that tuning fork
alone was used as the nmajor source of adapter and test tone. He
di scovered different relations subsequently confirned by nodern

experinentati on.

Fl uegel (1920) even tried to determne the effect of centra
factor. During the adaptation period he had his subjects read,
| ook at a series of picture of an exiciting character to be atten-
tively contenplated or performaddition. Such alternatives had
no effect on auditory adaptation. In the context of the question

of losses, Fluegel's nost relevant findings was that the 2 ears
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of a given observer often displayed different degrees of asynptotic
adaptation at a given frequency. He argued that if such adiffe-
rence in susceptibility existed, then when one presented the tone
binaurally to begin with the inage should gradually shift to the

| ess susceptible ear, or taking the alternative view the |oudness
in the nore susceptible ear should decrease. Wen he subjected this
hypothesis to enpirical test no such shift occured the inage
stayted right in the mddle. The result inplies a conplicated

central mechani sm not a sinple peripheral conparator.

Adaptation is a phenonenon whi ch characterizes all sensory
systens. |ts operational definition has customarily been in terns
of a shift in some aspects of the intensive dinmension of subjective
experience, often in the threshold, brought about by previous sti-
nmul ati on of a sense organ by the sane type of stimulus to deter-

m ne the threshol d.

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

system brought about by an acoustic stimul us.

Such a change in the auditory systemfunctional state manifest
itself in avariety of ways. Indeed, it is possible to cite at
| east five psycho-physical neasures whi ch undergo nodification as a
consequence of acoustic stimulation of sufficient magnitude. A ong
i ntensi ve di nensi on, the absolute threshold of hearing, the nmasked
threshold, and at supra-threshold levels, the loudness of a sound
have all been shown to change. |In addition shifts in the pitch
of an acoustic stimulus occur and, in the case of dichotically
presented stimulus, a change in the apparent location results from

prior presentation of an appropriate acoustic stiml us.
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3.2 AUD TCRY ADAPTATI ON VERSUS ADAPTATI ON I N OTHER SENSES.

Auditory systemis not unique in show ng adaptation effects.
I n other sensory nodalities such effects have not been denonstrated
as it is difficult to maintain a constant adequate stimulus for an
appreciable tine. Beyond stating that adaptati on has been shown
to occur innearly all sensory nodalities, it is difficult to
nmake neani ngful conpari sons. The end organs of sensory systens
vary trenendously in their response nmechani sns. Adaptation in the
vi sual system for ex., seens to be governed prinarily by the
phot ochem cal processes within the rods and cones. In the ear,
however, stimulation of the hair cells is related to nechani cal
defornmation and adaptation is alnost certainly a conpletely neural

process.

A survey of sensory nodalities shows that the nost comon
I ndexof adaptation is adaptation tine. A stimulus of a given
intensity is presented and the tinme for the conpl ete di sappearance
of the elicited sensation is recorded. This is the procedure
utilized in threshold decay test (Carhart 1957). Contrary to nmany
nodalities, the nornal ear rarely shows conpl ete adaptation even
fromvery nodest stimulus intensities. |In those senses in which
adaptation is conplete, adaptation time increases as stinmulus
intensity is increased. The tinme taken to adapt conpletely for
stimuli of noderate intensity varies from0.5 to 3 mn. The next
nost common index of adaptation is the measurenent of absol ute

t hr eshol d.

3. 3. PARAMETERS CF AUD TCRY ADAPTATI ON
3.3.1 Gowh:

In general, its course of devel opnent is one of negative acce-

leration, with the greatest rate of adaptati on occuring during the
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first one or two minutes, axd the asmptotic level being reached
awywhere from three to seven minutes after the onset of the adapting
stimulus. Mo of the recovery from adaptation occurs within one
minute, axd recovery is complete within two minutes. Adaptation has
a roughly linear relation to the intensity ad little or no relation
to the frequency of the adapting stimulus. Although the developmental
course of adaptation is well established, the values found at any

particular point on the curve vary widely between investigators.
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o Fig.9 Comparison of the amount of adaptation obtai ne
six different investigators.

3.3.2. Recovery:
Mo of the studies using simultaneous dichotic loudness balance

technique have found recovery is rapid, with far more taking place
occurs during the second minute. The evidence suggests that the fun-
ctional characteristics of the ear are restored by the third minute.
Meahod of intensive localization where restimulation is minized shows
the course of recovery during the first minute which includes mog of
the recovery is ascertained unlike 0B test. Bekesy (1950) using
this mahod with stimuli of 0.2 sec. duration, found that 80%
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of the recovery occur during the first 5 sec. alnost conplete

recovery occurs within 10 sec.
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Flg. 10: Time eurve of recovery froml oudness adaptation,
Resi dual adaptation is indicated on the ordl nate
While the absci ssa represents the tine after
cessation of the adapting stimul us.

3.3.3. STIMLUS VARI ABLES (Adapting stimnuli)
3.3.3.1 Intensity:

Tine after cessation of adaptin? stimull =M n.
d

The relation of adaptation to the intensity of the adapting
stimulus is in conflict. For a continuous pure tone, Hood(1950)
found a roughly linear relation over a w de range. Jerger (1957),
t oo, denonstrated alinear relation, at least from10 db to
60dbSL, but above this |level, the function flattens out. Addi-
tionally, in those studies that investigated only two intensities
(Palua 1955, Wight, 1960), there is no increase in adaptation as
a function of the adapting stimuli. For those studies that have
data i n coomon (Hood, 1950; Pal ua, 1955; Jerger, 1957, and Wi ght
1960), only Hood showed a substantial increase in the degree of

observed adaptation beyond the 60db | evel.
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A general statement might be that adaptation ad the intensit
of the adapting stimulus are linearly related, the upper limit

of this function remans in doubt.

Adaptation can be messured at intensity levels other than
that of the adapting stimulus. This aspect has been investigated
only by adapting the test ear at one intensity axd measuring
adaptation at a lower intensity. Adaptation when measured at any
given intensity, is determined by that test intensity - at least
when it is lower than the adapting intensity. Egan (1955) found
decreasing amounts of adaptation as the test intensity weas
lowered. Hood(1950) offered a theoretical interpretation; he
postulated that for awy test intensity, there is a receptor group
whose size is proportional to that intensity, the amnout of
adaptation, then reflects the size of the receptor group so long
as the adapting intensity is equal to or greater than the test

Intensity.

Still another aspect of intensity - the effect of concentra-
tion of energy - can be studied by using narrow- or broad bad
noise for the adapting stimulus. Carterette (1956) compared several
bands of noise ad a 1500 Hz. tone using the methods of fixed
ad variable intensity, with 50, 70, ad 90-dbSFL adapting stimuli.
The results indicate that adaptation tends to increase as bad
width increases, at least for the Q0OB3IL intensities. Apparently,
as the available energy is spread over a broader frequency range,
it adopts a larger receptor group.
3.3.3.2. Freguency:

T™wo aspects of the frequency parameter merit discussion.

First, does adaptation vary as a function of the frequency of the
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of the adapting stimulus, and second, does adaptation at one

frequency spread to neighbouring freqgquencies.
Jerger (1957) found a slight tendency for adaptation to

iNncrease as frequency increases from 125 Hz to 1000 Hz,

but to reman approximately constant for frequencies

from 1000 through 8000Hz.
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Fig.11. Loudness adaptation as a. function of frequency.
The anount of adaptation is the average of 60, 70,
80 and 90 dbSPL after 5 mn. exposure.
[ Jerger, (1957) quoted word (1963)]
Adaptation, at least for 1000 Hz. at 80 dbSPL, has its

maxi mumeffect at the adapting frequency, w th continuously | ower
degrees of adaptation observed on both sides until at 100 Hz. and

2500 Hz., it has conpl etely di sappeared (Thwi ng, 1955). Thw ng
suggested that adaptation is proportional to the extent to which

excitation patterns of the adapting and conparison stimuli overl ap.
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Jerger (1957) using the nethod of fixed intensity showed that
| ow frequencies exhibited snall anounts while high frequenci es gave

rise to | arger anounts.

Duration of adapting stimulus - mn.

Fig. 12. Tenporal course of the devel opnent perstinulatory
adaptation. Fig shows the results when adaptation is
tested at frequencies higher than the adapting frequncy.

(Thwi ng 1955)

When adaptation is neasured at the sanme frequency to which
ear was exposed, the effects is maximal. That is, the greatest

anount of adaptation is produced at the adapting frequency.
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Fi g : 3 Tenporal course of the devel opnent of perstinulatory
adaptation. Figure shows the results when adaptation
Is tested at frequencies below the adapting frequency-
Exposure: 1000 Hz. at 80dbSPL (Thw ng 1955)

3.3.3.3 Conti nuous noi se;:

Noise, specifically baxd pass noise is usually thought of
as being variable with respect to its centre frequency, its have

band width ad its intensity.

Carterett, (1955, 1956) using the mahod of fixed intensity
ad modified varied intensity, investigated the effects of inten-
sity ad band width upon loudness adaptation. He found a tendency
for the amout of adaptation to increase as band width wes in-
creased. This increase in adaptation with increasing band width
mirrors the changes in the loudness which takes place as bad
width is varied (Pollock 1952).

Thus, these results point out that with a fixed over-all in-

tensity, more adaptation is obtained if the available energy is

soread widely, rather than concentrated in a narrow spectral region.
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The exception to this statement |Is for the case of pure tone

whi ch showed nore adaptation than any noi se condition.

Wight (1959) investigated the effects of the simultaneous
presence of noi se upon the adaptation of pure tones. H s study
was designed to sinulate an ear, denonstrating |oudness recruitment
In so far as it is possible to do so with sinultaneous noi se naskin
(Steinberg and Gardner, 1935; Harris et al, 1952). 1In a series of
experinments utilizing the method of fixed intensity, Wight showed
that the Introduction of a wide hand noise increased both the
initial rate and asynptotic value of adaptation for a 4000 Hz.
This finding indicate that if recruitnment and excessive adaptation
occur together in pathological ears, then noise maski ng does not
effectively sinulate the pathology of a recruiting ear.

3.3.3.4 Intermttent Noi se.

e of the inportant characteristics of the auditory systemis
its ability to deal with stimuli whose energy is not constant but

varies as a function of tine.

Carterett (1955) nmeasured adaptation to a noise that was inte-
rrupted at rates varying froml to 12.4 per sec., with a 50 percent
duty cycle. First, he observed that, with total energy equal to
that in a continuous adapting noi se, the continuous noi se produced
nore adaptation. Second, as interruption rate i ncreases, the degree
of adaptation also increases. Carterette suggested that, as inte-
rruption rate is increased, the time for recovery is shortened, and
thus cunul ative effects may be produced. However, the period of
adaptation Is |ikew se reduced. Apparently recovery processes
suffer relatively nore fromthe increase in interruption rate

than do the adapting processes; thus there nust be either a | atency
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in the onset of the recovery processes or an initial recovery

rate lower than the initial adapting rate.

3.3.3.5 Intermttent Tone.

Sergeant ad Harris (1963) with the method of fixed intensity
varied the on-and-off times of an interrupted 1000 Hz tone. The

problem of energy spread was minimized by the use of relatively

long signal durations.
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Fig. 14. {Time course of perstimulatory loudness adaptation
to Interrupted wide band noise. The interrupted noise
was on haf the time axd off half the time ad during
the period that it was on had an intensity of 90doSHL
(burst level 90 db) Adaptation to a continuous noise

of 87 db, the same intensity as the overall of the
interrupted noise }[Carterette 1955]

The results of Sergeant axd Harris indicate that as stimulus
duration is lengthened the madnum or asymptotic adaptation in-
creases. Further, as the silent intervals is shortened, the am

ptotic adaptation also increases, probably as a result of a decreases

in recovery time.

3.3.3.6 Asymptotic level:

Intensity ad to a lesser extent, frequency both act to
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determine the temporal course of auditory adaptation ad in parti-
cular to point at which its asymmptotic state is reached.

Originally, Hood (1950) reported that auditory adaptation is
complete wjthin 3 to 3.5 mins. regardless of the intensity or fre-
qguency of the adapting stimuli. Later studies confirmed this find-
ing only for intensity upto 60 doS. of frequency upto 1000 Hz.
(Herger, 1957). Abovwe these values, the frequency effect is
negligible ad the degree of adaptation observed becomes primarily

a function of the intensity of the adapting stimulus.

In general, for the higher intensities, the point of madinum
auditory adaptation are reported beyond this point ad at a con

siderable dower rate.

Carterette (1956) reported that adaptation wes still increasing
a seven minutes when the intensity of the adapting stimulus wes
90 doSAL. Tha the asymptote is not reached in three minutes in
mog studies, except at lower intensities ad lower frequencies,

is mog likely attributable to the addition of fatigue processes.

3.3.4 Stimulus variables-(Comparison stimulus)

Auditory adaptation function nmey reflect the characteristics
of the comparison stimulus by means of which it wes derived.

3.3.4.1. Flr_equencv difference between adapting and comparison
stimuli:

Egar (1955) in an experiment designed principally to assess the
relative contribution of median plane localization versus smple
loudness balances with simultaneous dichotic stimulus presentation
varied the frequency of the comparison stimulus independently of
that of the adapting stimulus. Of course, when the frequency of the

stimuli in each ear is markedly different, each stimulus is loca-
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lized at Its respective ear inspite of variations in intensity.
Egen's result hows that the frequency of the comparison stimulus
mekes little difference if a proper experimenta procedure is
used.

3.3.4.2 Tenporal effects:

Small and Mnife (1961) attenpted by varying the on-and-of f
tine of the conparison stimulus, to denonstrate the effect of
adaptation in the conparison ear upto the inferred adaptation in
the adapted ear. For a particular on-off tine conbination persti-
mul atory adaptation runs its usual tine course, a rapid initial
rate of adaptation with the function asynptoting after 5 or 6 mn.
of exposure. As ontine is increased |ess adaptation is measured

in the adapting ear.

The inference is that the |onger the conparison stimulus is
on, the greater the amount of adaptation in the conparison ear wt!
the consequent Basing of the data, This is the result for off
times of 10 sec. which is very simlar to off tines for 20 sec.
Varying the on tinme of the conparison stimulus for the off times
of 50, 40, and 30 sec., produces no apparent effect upon the
anount of adaptation neasured in the adapting ear. It appears
30 sec. is enough tine to allow recovery to occur in the conpari -

son ear.

3.4. ADAPTATION IN OTHER AUDI TCRY DI MENSI ONS.

A change in |oudness is one index of the functional state of
auditory systemfollow ng stinmulation. There are other changes.
3.4.1 Absolute threshol d:
3.4.1.1. Short duration fatigue:

Amount of threshold shift increases as the intensity of the
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exposure stimulus increases. It also increases as a function of
the duration of the exposure stinmulus but only for duration |ess
than 0.4 sec. Recovery of the threshold follow ng exposure is a
rapid and very nearly linear function of time. |ndeed, follow ng
an exposure stimulus of 80 db the threshold is back to norna
within 0.25 sec. A though threshold are maximally shifted at the
exposure frequency, they are also shifted for nei ghbouring fre-
guencies, but not in a symretrical fashion. Test frequencies
above the exposure frequency are shifted to a greater extent
t han those bel ow. When the exposure stimulus is presented to one
ear and the test stinmulus to the other ear, no threshold shift is
obser ved.

3.4.1.2. Long termfatigue:

Is reversible threshold shift produced by a | onger and nore
i ntense than those used to produce short duration fatigue.
Threshold shift increase as a function of the intensity and
exposure duration but it does not reach an asynptote |ike short
termfatigue. The size of the threshold shift continues to in-
crease over a period of at least 5 hours. The anount of fatigue
decreases as a function of the time separation between the exposure
and test stinmuli. However, this recovery is not nonotonic wth
time and its rate is influenced by the frequency of the exposure

and test stimuli, duration and intensity of exposure stinulus.

3.4.2 Pitch:

Bekesy (1929) observed pitch shifts which were symmetrical
about the frequency region of the fatiguing tone, upwad shifts
above this region ad domwad shifts below. Ruedi axd Furrer
(1947) found upwad shifts only if the fatiguing tone was around
1000 Hz. domwad shifts only if the fatiguing tone was 6 or KHz
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ad no shifts if the fatiguing tone was 4000 Hz. Davis et al.
(1950) using greater intensity ad durations, observed that large
displacement of pitch are dways upward.

3.4.3. Dfferential threshol ds:
Bekesy (1947), Ruedi (1954) and Epstein and Schuber (1957)

have used the pen excursionsat absolute threshold of a Bekesy type
audi oneter as their nmeasure of the differential threshold. Their
findings indicate that pen excursions decreases follow ng stinul a-
tion. Hliott et al. (1962) also found that differential thresh-

ol ds decrease followi ng intense stimulation.

3.4.4. Tenporal integration:

As the duration of a sound is decreased bdow a certain cri-
tical value its intensity mus be increased in order to continue
to elicit a threshold response. This phaxomaon is terms tempora
integration. Jerger (1955) has reported that following exposure to
intense (overall 110 doSAL) wide band noise, a change in the
threshold time intensity relation occurs. The nature of the change
is a reduction in the size of critical duration ad in the slope of
the function bdow this duration. These changes are of the same
type as reported in ears purported to possess organ of corti
pathology.

3.4.5. Masked threshol d:

The question has been raised as to whet her the nmasked thresh-
old itself changes during continuous stimulation. Egan (1955) has
shown that no change in nasked threshold takes place under these
circunstances. Thwing (1956) presented a signal continuously
(1000 Hz. at 70 dbSPL) and intermttently introduced the w de band
maski ng noi se for short periods. The subject adjusted the intensity

of the masker until it just masked the signal. Thw ng found that
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the nasked threshold shifted about 6 db, nost of It within the
first few mnutes under these conditions. He relates his finding
to the observation that a tone under goi ng adaptation |oses its
"pitchiness", it becones dull and thick. Therefore, since the tone,
upon adaptation, sounds sonewhat simlar to a noise, it is pre-
sumably nore difficult to discrimnate against a noi se background.

3.5 A THECRY G- LAOUDNESS ADAPTATI ON

3.5.1. Small (1964) discusseshypothesis dealing with only |oudness

adaptation. The hypothesis is based in part upon well establish
neur ophysi ol ogi cal principles, in large neasure on ideas of pre-
vious investigators and to sone degree is speculative. He points to
few features that nust be accounted for by any proposed nmechani sm
They are as fol |l ows.

3.5.1.1. Intensity Effects:

The anmount of | oudness adaptation increases as a function of
the intensity of the adapting stinmulus. If adaptation is neasured,
however, at an intensity less than that of the adapting stimul us,
it is found that the amount of adaptation does not depend upon the
intensity at which the ear was adapted, but only upon the intensity
at which adaptation is measured.

3.5.1.2. Tenporal effects:

a) Adapatation |Increses as a function of the duration of the
adapting stimulus. The tinme taken for the adaption function to
reach asynptotic depends upon the characteristics of the adopting
stimulus, but rarely exceeds 6 m n.

b) The anount of |oudness adaptati on decreases as a function
of the interval between the cessation of the adapting stimulus and
presentation of the conparison stimuli. This recovery is nonotonic
wth tine and its rate depends upon the anount of adaptation from

whi chrecoveryistakingpl ace. Thetimetakenconpl ete
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covery varies tremendoudy with experimental procedure. It nmey

be as short as 15 sec. ad amost certainly no longer than 4 mins,

3.5.1.3 Frequency effects:

maxi mum | oudness adaptation is found at the frequency of the
adapting stimulus, but the spread of adaptation to other frequencies
occurs in symretrical fashion. In addition, the effect is a peri-

pheral rather a central phenonenon.

3.5.2 Small (1964) also tries to give explanation for
the changes observed.

3.5.2.1. Intensity effects:

He postulates that a given group of receptors is not effected
differentially by adapting stimuli of different intensity. To this
posturation follow ng assunptions are nade.

1. neural coding for |loudness in the nunber of fibers are

acti vat ed.

2. Neural elenents have different sensitivities.

3. Threshold constitutes some m ni nrum nunber of active fibers,
those with the |owest threshold and a 20dbSL stinulus, for ex.,
activate a group of greater nunber.

4. If the 20 dbSL stimulus is continued indefinitely, sone of
the neural units may becone |ess sensitive and cease to respond
to the 20 dbSL sti mul us.

5. The distribution of the neural elenents which cease to
respond is independent of the elenments initial sensitivity,

6. The nunber of units which cease responding as the result of
prolonged stimulation is a constant proportion of the total nunber

initially activated
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7. For ex., consider the presentation of | QO0dbSL
A nunber of units are now activated, including the units which
responded to the 20dbSL stinmulus as well as a nunber of additional
units which have lower sensitivities. |If follow ng a prol onged
exposure to a 100 dbSL stinulus, a 20 dbSL stinulus is presented,
the same nunber of units will be available as woul d have been the
case had theexposure been to a stinulus of 20dbSL. Thus, the
change in loudness in a 20 dbSL stimulus will be the sanme whet her
the adapting stimulus is 20 or 100 db.
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Fig. 15. Schematic representationof number of neural elements
responding to stinulation. Distribution of elements sensi-
tivity is shown on the horizontal asix while the darkness of
shadi ng indicates the density of neural element activity under
various conditions.

Drawi ngs (a? and (b) illustrate the effect of a 20 dbSL
stimulus before and after adaptation while draw ngs(c) and
(d) show the same thing with a | OCdbSL stinul as. aw ngs

(e) represents the response to a 20db3L stimulation after
adaptation to either a 20 or 100 dbSL sti nul us.
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Once the intensity of the stimulus is great enough to excite
a particular elenent, it is inmmaterial, interns of the |ength of
tine the elenent will continue to fire, hownuch greater the
intensity becones. So it the length of tine it has been firing is
a cruicial factor. Under these conditions there is a recovery pro-
cess going on simultaneously with the adapting process. That is,
certain elenents will cease firing because of prolonged activity,
while others may regain their initial sensitivity and begin activity

agai n.

Threshold is dependent in a different way upon the sensitivity
of the neural elenents. The decreased sensitivity brought about
by exposure requires that a nore intense stimulus be presented in
order that the fixed nunber of fibers required for threshold

be acti vat ed.

3.5.2.2. Frequency effects:

Loudness adaptation as proposed as a result of rendering non-
functional a certain proportion of neural elenents which initially
responded to the stimulus. Small further proposes follow ng
assunptions to account for the symretrical spread of adaptation
fromthe frequency of the adapting stinmulus to nei ghbouring fre-
guenci es.

1. Neural elenents is considered as constituting a sub-popul a-
tion located at a particular point on the basilar nenbrane. This
popul ation of neural elenents is on the basilar nenbrane or |ocated
at sonme place In the peripheral auditory systemwhich is functio-
nal |y connected point for point to the basilar nenbrane.

2. As a function of continued stinulation neural elenents are

| ocal |y rendered non-functional. This effect is found In the region
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of the basilar nenbrane in which naxi numdi spl acement occurs in
response to a particular frequency.
3. Wien a test stimulus is introduced whose frequency is different
fromthat of the adapting stimulus, if the el enents responding tothe
test stinmulus were in part those which had responded to the adapting
stimulus, the test stinmulus would exhibit a |oudness decrenent in
proportion to the degree of overlap between the two neural popu-
| ati ons.
4. For tonal stimuli the di spl acenent and the excitation of
neural elenents along the basilar nenbrane are not uniform The
distribution of excitation is considered in determning the anount
of functional overl ap.
5. As the frequencies of the test and adapting stimuli are sepa-
rated, the area of overlap between popul ati ons decreases and con-
sequently the amount of adaptation decreases. As long as the distri
bution of excitation along the basilar nmenbrane is sirrilar for each
stimulus, the area of overlap will be the same regardl ess of whether
the test frequency is above or below the adapting frequency. So,

a symmetrical spread of adaptation will occur.

3.5.2.3 Localization effects:

To account for localization effects small has follow ng assunp-
tions.

1. Timng information is available in the formof synchronous
neural discharges based on the notion of the basilar nmenbrane and
corresponding to the onset of clicks or pulses or to the positive
peaks of sine waves.

2. Neural activity is functionally confined to the position on
the basilar nenbrane which is undergoi ng nmaxi mnum di spl acenent and

fromthis point that timng information arises(Schubert and El pern
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3. This timng information is acted upon by a central factor

| ocated neural network acting as a coi nci dence detector as proposed

by Licklider (1959).

4. Under conditions of adaptation, peripheral neural activity
will be reduced because of the diminution of the population of
active elements. Those elements which continue to fire will do
so is a synchronous fashion, but because there are fewer of them,
their aammated activity will decrease in magnitude. Because of
the reduced level of output from the adgpted ear, the synchronous
discharges will tend to be delayed in crossing synapses to a
greater degree than the unadopted comparison ear. In this manner, a
decrease in the level of the output of one ear, whether brought
about by adaptation or by a physical decrease in the intensity
of the stimulus, is equivalent to an actual time delay of the

stimulus presented to the adgpted ear (Flugel, 1920)

5. In consequence of this neural delay, the coincidence
plane (the imaginary plane within the heed a which impulses from
the two ears meet) is shifted ad so also is the sound image.

In order to shift the sound image back to the median plane,it is
necessary to raise the intensity of the stimulus in the adgpted
ear or, as is usually done, lower the intensity in the aconpa

rison ear.

3.5.2.4. Time course of adaptation axd recovery.

In short term fatigue the time course is extremely rapid.
A mechaniam related to neural refractory periods is explanation.
In TTS following intense stimuli the time course is slow. Med&
nism related to large scale metabolic activity is possible

exploration. In the case of loudness adaptation axd recovery, the
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changes, although perhaps rapid than those in long termfati gue,
still much too long to put in the same class as short termfati-
gue. Mechani sminvol ving the depletion and resupply of neta-
bolic reserves associated with neural activity in the periphe-

ral portion of the auditory systemis responsible.

3.6 AUD TCRY ADAPTATI ON PRCDUCED BY CONNECTED SPEECH.

Repeated listening to a single speech sound can produce a
shift in categorization of subsequently presented speech sounds.
For instance, repeated |listeningto the syllable (p"a) produces

a shift in the boundary of a (p"a) (ba) continuim reflected

in fewer post adaptation 'p' responses to anbi guous syll abl es

along that continui m

Rudni cky (1977) denonstrated that categorization of speech
sounds can be influenced by the phonetic structure of connected

speech.

I n experinent one, subjects listened to short stories that
contai ned a. predom nance of either voiced / b/, /d/ and / g/ or
voi celess/p/, /t/ and / k/ stop consonants in word initial posi-
tion.

I n experinent two, subjects |istened to sentence contain-
ing either word initial voiced or voiceless stops. In experi-
ment three,syllables containing the stop consonants were re-
noved fromthese sentences and presented in isolation. In each
of these experinments, a large adaptation effect was produced by
the adapting material containing voicel ess stops but not by ma-
terial containing voiced stop consonants. Adaptation for senten-

ces containing word initial nasal and affricate consonants was
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observed. These findings have inplications in the theories

of speech perception(Rudni cky 1977).

3. 7. AUD TCRY ADAPTATION I N VAR QUS CLI N CAL GROUPS.

Not nmuch attention has been given to this topic. The
available information is very haphazard. The results obtai ned
indifferent clinical groups are not conparable due to diffe-
rent met hodol ogy adopted with different stimulus paraneters.

3.7.1 Neurotic patients:

Sineonov (1975) investigated by nmeans of different tests
of auditory adaptation anong 65 neurotic patients. Functional
di sturbances in the hearing analysis were manifested by the
audi onetrically detectable deviation in auditory adaptation
to a supralimnal noise stimulation wth a frequency of
4000 Hz. and a 5 mn duration period. He established a pro-
portional relationship between the strength of the CNS neuro-
dynamcs and the degree of disturbance in auditory adaptation.
In nore severe condition of the cerebral processes auditory

adaptation in the right ear was worse than in the left ear.

3.7.2. patients with bordeninp condition:

Rakhi mlevich A G (1975) examned the auditory adaptation
by Carhart's teat and after stimulation with a tone of 2000 Hz.
65 db. in intensity for 180 secs, in 156 patients suffering
fromdifferent neurosis with and w thout speech disturbances
but with nornmal hearing. A pathological shift of the initial
threshold (by 15-30db) was revealed in 40-55%of the patients
examned and prolongation of the reverse adaptation tine in
50%of the cases. Pathological auditory adaptati on was nore

frequently noted in patients suffering fromneurosis wth
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speech di sturbances than in anal ogous patients wth nornal
speech. (n the basis of analysis of the data obtained, he con-
cludes that the results of exam nation of auditory adaptation de-
pended on the functional condition of the CNS which should be
taken into consideration in audiol ogi cal exam nation of patients

with different forns of hearing inpairnment.

3.7.3. Patients with adrenal insufficiency:

Pruszew z and Kosowi ez (1972) performed auditory adaptation
tests according to Feldman in a group of 29 patients with pri-
mary and secondary adrenocortical insufficiency. H found in 15
patients changes in auditory adaptation. After treatnent with
predm sone and cortisone, changes in auditory adaptation dis-
appeared conpletely. He believes that the changes observed may
be due to the effect of steriod hornmones in the various parts of

the hearing organ and CNS.

3.7.4. Patients with multipl escl erosis:

Hennebert (1972) recomrends auditory adaptation tests on
patients suffering fromdiverse neurol ogi cal disease, mainly
those affecting the brain stem He tells that it should be a
part of the test battery systenatically given to every case of
suspected multipl esderosis. He found the test positive in 33%

of 313 case of multiple sclerosis examned between 1965-1971

* * * %
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3.8 SISl test and adaptati on:

Changes in the differential sensitivity to intensity (DLI)
were thought to provide a new and reliable test in audiol ogi ca
differential diagnosis 20 years ago. On the basis of their
findings Jerger et al (1950)designed a newtest using suit sus-
tained stimulation, to replace the conventional DLI tests. In
this test the subject attenpts to distinguish 1 db pul ses of
200 nsec. duration presented at 5 sec. Intervals in a continuous
20dbSL tone. The nunber of the recogni zed pul ses (percent)

was termed as ' Short increnent sensitivity |ndex'.

Jerger and his associates later reported (1961, 1962)
results of the SISI test in nornmal hearing and in conductance,
cochl ear and retrocochl ear deaf ness. It was concluded (1961) t hat
val ues above 55%were positive, those between 20-55% questi onabl e
and those bel ow 20, negative. The test retest trials by Jerger
(1962) showed a slight practice effect: the performance tends to
be sonmewhat better on the retest. The largest test-retest diffe-

rence occurred at 4000 Hz. (12. 3%

Several other variables of the SISl procedure in nornal
I ndi vi dual s have been I nvestigated, ex. changes in the pul se

intensity, inthe SL and in the nunber of pul ses presented.

Fromthe result of suprathreshold adaptation test (Palva
and Pal va, 1963; Karja, 1968) it is known that even at 20dbSL,
nmar ked adaptation can develop quite rapidly even in nornmal ears.
In the SISl procedure, the sustained test tone lasting for 1 mn.

40 sec. nust al so be subject to simlar adaptation.
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Rehko (1971, 1975) undertook a study to determne the effect
of this suprathreshold adaptation upon the SISl scores in nor-
mal |y hearing subjects, subjects w th conductance hearing defects

and subjects with perceptive hearing defects.

Afterthe conventional SISl bad been adm nistered, the test
ear was adapted for 3 min. wth a sustained 20 dbSL tone. SISl
score of between 250 and 6000Hz were obtained imedi ately after-

war ds.

The statistical disperson of both the pre and port adap-
tation valves were found to be |arge. Adaptation caused no signi-
ficant change in either direction in the SISl scores, sone of which
I ncreased and sone decreased. About 15%of normals, 22%of con-

ductive hearing | oss group were positive.

In the post adaptation SISl test, the adaptation had reduced
the loudness level in the test generally by nore than 10db at
frequenci es above 1000 Hz. This as such had no effect upon the
perceptual SISl values. |t agrees with the contention of Jerger
(1959) that use of a continuous tone in the SISl would not intro-

duce factors that woul d unfavourably affect the results.
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ELECTRCPHYSI OLOd CAL  CORRELATES

4.1 | NTRCDUCTI O\

Change in |oudness or absolute threshold is one index of the
functional state of the auditory systemfollow ng stimnulation.
TTS observed behaviorally is acconpani ed by el ectrophysiol ogi ca
changes. This has been reveal ed by recent studies conducted
by d ssel son and Sorensen, (1959): Benitz et al. (1972);
Eggernmont and Spoor, (1973); Sohner and Pratt, (1975); R Price,
(1976), Charles Wodford, (1977); Pratt et al., (1978).

4.2. OOCH.EAR M CRCPHONI CS

Loss of sensitivity and a |oss of maxi numvoltage in co-
chl ear m crophoni cs has been observed. Benitz (1972) exposed
chinchileas for 2-3 days to an octave band of noise centered at
500 Hz. at 95 dbSPL. Cochl ear m crophoni cs responses were
neasured about 5, 24 and 48 hours after exposure from 3 cochl ear
turns. The average OM function after 5 hr. of recovery showed
12 db loss of sensitivity, 6 db |loss of maxi numvoltage and the

SPL for maxi numvoltage is shifted about 6 db higher.

In OM there was a loss of sensitivity of 24 db, a loss of
maxi mum vol tage of 15 db and the SPL for maxinumis shifted to

4 db higher |evels.

CM; showed 48 db | oss, |oss of maxi mumvoltage of 16 db,
the apparent shift of maxi numto higher SPLs was about 19 db.
Both magnitude and sensitivity of GMwere reduced in all three
turns in aninals with TTS. This reduction is graded fromless

severe at the base to nore severe at the apex.
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It is clear that CM is not norma and that there has been
loss of maximum voltage resulting in depression of the function
ad loss of sensitivity reflected in the shifts to higher sound
pressure required for madmum OM. The average shift of 6 or
4 db in the first aod second turn, respectively, wee clearly

smaller than the shift of about 19 db in the third turn.

The most significant finding is the absolute decrease in the
CM input-output function. These decreases contribute to the
effective loss of sensitivity at given SPL. This must be either
of dysfunction in the hair cell modulating mechanism or in the

electrochemical source of energy to be modulated.

CM represent very closely the electrical equivalent of
sound energy upto a given intensity (Davis et al. 1958) after
which follows a decrease interpreted as being due to auditory
fatigue. For the guinea pig the transitional limit at 500-
2000 Hz. was 95db humen threshold (Gesselson and Sorensen 1959)
for the cat it was 75-90 db at 250-3000 Hz .(Hughson and
Witting 1935).

Pratt et al.(1978) studied CM recorded by means of surface
electrodes, before during and after white noise induced TTS in
humen volunteers. They found behavioral threshold shift was not
accompanied by a change in amplitude of M. When the stimulus
intensity was decreased by the amount of TTS, a large reduc-
tion in CM amplitude was observed even though a TTS of this

amount was accompanied by a reduction in CM amplitude.

4.3 ACTION FOTENTIALS

Benitz (1972) could not see any synchronised action poten-
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tial after 5 hr. of recovery in chinchileas even when
the wide band clicks were presented at levels 90 db. above
norma normal visual detection level. The N; peak voltage
was about 3 Uv a norma VDL. Ome of the ears that had re
covered for 24 hour failed to dow a response. Benitz could
not find any explanation for this failure to see action
potential. Near the VOL these action potential functions
dow losses of sensitivity that are 10-12 db greater than the
behavioral TTS ad then gow mare slowly than norma for higher

ound levels.

The absence of any whole nerve AP response to the wide bad

click a levels 90 db aove norma threshold clearly inmp-
lies some additional dysfunction of synaptic mechaniam or in
the primary neurons. Whde nerve AP nmey be absent either
because the individual neurons do not respond or the indivi-
dual neurons are responding without the degree of synchrony
required by the method of recording. The changes are long
lasting (Benitz et al. 1972).

Sohmer ad Pratt (1975) noted TTS observed behaviorally
is truly accompanied by a neural decrement expressed as an

N; amplitude decrease axd latency increase.

No auditory fatigue could be demonstrated after exposing
guinea pig ear to short pure tone (one sec.) under 95 db
Gisselson ad Sorensen 1959). Longer stimulation with in-
creasing intensity upto 130 db produced a clear decrease in the

amplitude of the cochlear potentials. The recovery time after
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high intensity stinulation for less than one mnute was from
one to 5 mn., it increased wth decreasing stimulus dura-
tion. The effect was independent of the frequency of the
stimul ating tones (500, 1000, 2000 Hz.). Stimulationw th
white noise (130db) particularly affected |ow frequency re-
covery. Noise containing frequencies 5000-20,000 Hz. de-
pressed cochl ear potentials nore than white noise of the sane

intensity.

Derbyshire and Davis (1935) have shown adaptation in the W
of the auditory nerve. They showed fast equilibration which was
conplete within 2 secs. or less and in addition the fam -
liar slow equilibration which was conplete in about 7 mn.
Recovery required about 30 secs. No auditory adaptation was
denonstrated in the cochlear potentials registered fromthe

round w ndow.

The response of a single auditory nerve fiber was nea-
sured by Gal ankos and Davis (1943) . The auditoryfibre res-
ponded to a continuous adequate stinmulus by a train of inpulses
which were initially nunmerous but declined rapidly. Auditory
adaptation being conplete in a fewtenths of a sec. The anpli-

tude of the AP also dimnished to sone extent.

At the | evel of the superior olivery conplex, auditory
adaptation to a 10 sec., pure tone appeared as a decline of the
firing rate but not as a change in the nunber of activated

neurons (Gol dberg et al. (1964).

In the inferior colliculi, the response to white noise was



-119-
slower than that of the cochlear nueleus (Theirlow et al. 1951)
but in most cases the response dropped practically to zero in
a few sec.s. A dow electrical component, such as that mea
sured by Gdambos (1952) from the medial geniculate body also
become evident ad it remained unchanged during 15 min. sti-

mul ation.

In an elaborate study coats (1964) confirmed the results
of Derbyshire axd Davis (1935). He further observed that the
amount of depression of the amplitude is dependent on the in-
tensity of the signal upto a level of 60 db re 0.0002 microbar
this effect gradually increasing; with greater intensities the
depression falls fairly rapid off to a mnmum . It was fur-
ther emphasized in his study that the intensity as such has no
effect on the rate of recovery. In contrast increasing dura-

tion of the signal significantly dowed the rate of recovery.

4.4 ADTCARY EVOKED POTENTIALS

The recovery of the auditory cortex (Rosenblith et al. 1950)
occurred parallel tothe first neural component measured from
the cochlea, the test tone being a click of 0.1 sec. duration
ad the stimulus a 510 Hz tone at 115dbSPL sustained for
60 sec.

Benitz et al. (1972) observed auditory evoked potentials,
45-50 min. after exposure to the wide band click in one ear
40db ad in the two ears 50db above control VDL. These res-
ponses were noticed at a time when action potential could not
be elicited at levels 90 db above norma VDL.. It 24 hour
ad 48 hour after the end of exposure the auditory evoked res-

ponse was clearly more sensitive.
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The efferent auditory bundle have been found to affect
cochlear function ad these findings shed nawv light on the
auditory adaptation problem, The crossed efferent diuo-
cochlear bundle described Rasmeessen (1942, 1953) the i
divocochlear bundle ad the direct efferent bundle from the
refcicular formation to the cochlea constitute the peripheral
part of the efferent system originating from the CNS Elec-
trical stimulation of the efferent bundle resulted in a de-
crease of the auditory adaptation of the efferent bundle

(Gdambos, 1955, 1956; Damedt axd Mechelle, 1958)

Activity set up in the olivo cochlear pathways by a
tone stimulus weas studied by Fex (1962) ad pfalz (1962). They
found that most of the neurons of both the direct ad crossed
bundle were characterized by a well defined beat frequency
by a definitely fixed threshold ad regular function. Fex
stated that, the crossed bundle responded mainly to stimula-
tion of the ear into which it passed, the direct bundle res-
poded to contralateral stimulation.

Interesting observation regarding the relation between
the efferent bundles ad auditory adaptation was mede by
Leibbrandt (1964 ad 1965). W AP were measured from the
round window in the guinea pig, there was normally auditory
adaptation which wag complete in 75-100 msec, the stimulus
consisting of 2 msc. impulses a 10 ms=c. intervals ad the
FH being 60db at 500Hz. If the procaine weas injected into
the Internal auditory meatus, the drop in action potential
failed to occur. He considered the failure of the auditory

adaptation due to blockin? of the efferent bundle.
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SUMVARY:

TTS observed behaviourally after acoustic stinulation has
been acconpanied by el ectrophysiological changes. Loss of sensi-
tivity and a | oss of maximum voltage in cochlear mcrophonics
has been observed. TTS observed behaviourally is truly acconpa-
nied by a neural decrement expressed as an N, anmplitude decrease

and |atency increase. But these results are nmostly based on

ani mal studies.

* * % % %
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CHAPTER - 5.

LOOUS CF ADAPTATI ON AND  FATI GUE
5. 1. | NTRCDUCTI O\

Fromwhere auditory adaptation and fatigue originates is a
debat abl e question. (Cbviously, anything that affects any part
of the auditory chain can produce a shift in threshold. For
ex., all the follow ng could concievably be involved in TTS.
residual mddle ear nuscle activity; displacenent of theterri-
tectorial nmenbrane relative to the basilar nmenbrane; change in
chemcal environnent of the hair cells; swelling of hair cells,
maki ng stimulation nore difficult mechanically; an increase in
internal noise as far ex., due to increased blood flow or an
audible tinnitus; changes in or results of efferent activity
at the basilar nenbrane, ordinary poststinulatory decrease in
nerve excitability which could occur in the eighth nerve,
cochl eaa nucl eus, lateral |emiscus, inferior colliculus, ne-

dial geniculate or auditory cortex.

5.2 PER PHERAL V/'s CENTRAL.

Till recent tine the accepted site for* the origin of audi-
tory adaptation and fatigue was peripheral auditory system
This idea was not established with supportive facts. But it was

accepted fromindirect views.

Recent reports have added nore perplexing facts regarding
the cochlea and TTS. These results indicate that the cochl ea
Is perhaps not the only site of adaptation and fatigue
(Bagi bhian, 1972).

5.3 CENTRAL AUDI TCRY SYSTEM

Changes in auditory sensitivity unaccompanied by hair cell
loss have been demonstrated in cats and Monkey by Elliott (1961)
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and by Hunter Duwas (1971).

El dredge and MIler (1969) and WArd and Durall (1971)
showed in contrast to the above, that considerable hair cel

destruction may be acconpanied with only a slight TTS.

Ward et al.(1972) found that animals with only a snal
area of normal hair cell in the apex can respond nornmally to
very weak high frequency tones. Such disparity between hair
cell presence and behavioral threshold is quite amazing, even if
one can identify, as shown by Lim (1972) near normal in appea-

rance but no functional hair cell.

A simlar lack of correspondence between audi ograns and
pat hol ogy has been reported by Nenitz et al. (1962) and by
Bredberg (1968). Bredberg (1972) described nornal appearing hair
cell associated with permanent threshold shift, as well as a
normal threshold despite a 35%Iloss of inner hair cell and a

45%of outer hair cell in an 81 year ol d.

This disparate findings suggest that central factors, in
addition, to peripheral ones, play an inportant role in auditory

adaptation and fatigue.

In recent years, several investigators have been interested
in the effect that performance of sone sort of directed activity
during fatigue exposure periods on TTS. The activity nmay have been
conpletely nmental as in trying to solve sinple arithnetic prob-
lens (Wrnick and Tobias 1963, Ward and Sweet 19634 R ach and
Sheposh 1964) or may invol ve sonme sensory task such as tracking
alight (Bell and Stern 1964) or performng a simlar auditory

task, such as listening for Interruptions in asignal, listening to
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a narration (Fricke 1966) or tracking threshold (Collins and
Capps 1965, Smth and Loeb 1967).

The issue of Central influence on auditory fatigue was raised
when Wrnick and Tobias (1963) reportedthat nmental activity in the
formof nmental arithmetic curing a pure tone exposure resulted in
nore auditory fatigue than the same exposure during reverie(REV).
These sane findings have been reported in two ot her experinents
(Capps and Collins 1965 , Collins and Coppa 1965) when the ori-
ginal conditions were replicated. Wen the conditions were
changed slightly, however, nanipulation of the |evel of nental
activity ceased to result in differences in the anount of audi-
tory fatigue(Bell and Sten 1964, Collins and Copns, R ach and
Sheposh, Ward and Sweet 1963, Price 1968).

Kl ockwof f (1961) reported evidence that distraction of
listener's attention fromthe aural sphere alter the mddl e ear
nuscl e reflex whether the reflex eljcited by cutaneous of acou-

stic stimulation.

Later Bell (1966) investigated the effects of task perfor-
mance upon the acoustic reflex. He had three conditions:

1. reduced attention: operationally defined as performance
of an non-auditory task.

2. neutral attention: defined as no task performance.

3. increased attention: defined, as perfornance of an auditory
task. He neasured the acoustic inpedance of the mddle ear as an
indication of the reflex activity. He reported that perfornance
of either task caused a decrenment in the acoustic reflex, ie.,

decreased acoustic inpedance with the non-auditory task causing
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the larger decrenment. This was observed for all three |evels of
stimuli. He concluded that the performance of the task itself was

the nore inportant factor rather than type of task.

Durrant and Shallop (1972) studied the effect of differing
states of attention on acoustic reflex activity on TTS. They
found inpedance neasures can be altered by attention of the sub-
ject. The results indicate the involvenment of some central fac-

tor in the activity of the mddle ear nuscle.

Peter and Hliott (1970) nmeasured auditory adaptation
usi ng successive and simultaneous presentation of heterphonic
stimuli in order to determne if auditory adaptation is nore a
central than a peripheral phenonena. The simlarity in trend
bet ween het er phoni ¢ and honophoni ¢ del ayed bal ances with 1 sec.
conpari son tones suggests that the auditory fatigue shows little
i f any | oudness decrenent when binaural interaction are reduced
or elimnated. Thus the shifts observed w th sinmultaneous ba-
| ances involving a tracking procedure probably reflect slowy
devel opi ng changes in binaural interaction and consequently,

central rather than peripheral changes.

Babi ghian et al. (1975) obtained cochl ear potentials
(cochl ear m crophoni cs and whol e nerve action potentials) and
inferior colliculus electrical responses were simultaneously ob-
tained before, after excessive sound exposure. In Ceneral, sound
exposure produced a greater reduction of the collicul ar evoked
response than of CGMor AP. The results based on evoked res-
ponses and single neuroiral responses reveal that there is a

central involvenments in auditory fatigue.
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Capps and Collins (1965) presented a possible resolution to
the problemraised by the failures to find a central influence on
fatigue when they found that the specific type of task used for
the nmental activity was critical. Sone nental tasks, such as
auditory threshold tracking or witten |anguage division, pro-
duced either negligible or very slight effects, whereas nental

activity consistently produced significant differences.

5.4 PER PHERAL.

The pat hol ogi ¢ physi ol ogy associated with asynptotic TTS,
el ectrophysi ol ogi cal correlation which are associated with TTS,
show the | ocus of auditory fatigue is peripheral.

5.4.1. Mddl e ear mnuscl e:

It seens quite likely that auditory fatigue is not due to
contraction of mddle ear nuscle. This can be shown on severa
gr ounds.

The mddl e ear nuscle shows an activation threshold of about
70dbSPL (Wver and Vernon, 1956; Dallas, 1964, Borg and Mol | er,
1968) whereas auditory fatigue is quiet evident for exposure tones

at | ower sound | evel s.

The mddl e ear nuscle have alnost no effect on mddl e ear
sound transmssion at frequencies above a few kil ohertz(Wggers,
1937; Wever and Vernon, 1955) whereas adaptation is evident at
high frequencies as it was at |ow frequenci es.

Any effect of the mddle ear nuscle should be the gane for
different fibers exposed and tested under the same conditions.
Auditory fatigue and adaptation is unchanged by the admnistration
of gallamne triethiodide which ghould elimnate mddl e ear

nmuscl e contraction (Young and Socks, 1973).
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Furthernore, since the nuscles act in concert bilaterally
they could only lead to bilateral fatigue. Based on |oudness
and natching experinments, we know fatigue can be limted to one
ear.

Auditory fatigue has been denonstrated when the intensity of
the stimulation is too near absolute threshold to cause mddl e
ear nuscl e refl exes.

Theref ore psychophysical data are not consistent with what

woul d be expected if the mddl e ear nuscle were invol ved.

5.4.2 Cochl ea:

Report by Vord and Sweet, (1963); Bell and Stern, (1964),

R ach and Steposh, (1964); and Copper and Collins (1965) have
supported the view that auditory fatigue has its origin in the
cochl ea.

Benitez (1972) have shown changes in the cochl ear anatony
foll owi ng noi se exposure in chinchillas. These changes were
scattered | oss of outer haircell in an area from about 8mmto
about 13 mmfromthe round w ndow end of the basilar nenbrane and

the cells organ of corti were mssing to an extent.

The |l oss of sensitivity for cochlear mcrophonic in the
second and third turn bears a closer nunerical correspondence to

the TTS neasured in behavioral experinents.

5.4.3. Auditory nerve:

Earlier studies said the decrenent in response to the test
tone is sinply dependent on the response of the fiber of adapting
tone (Smth, 1977; Harris, 1977) Abbas (1979) has shown the decre-
ment in response seen in each group of fibers will depend upon

the response of that group to the adapting tone.
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A study was conducted to study or investigate the peri-
pheral auditory system involvement in auditory fatigue. In the
cochlea of the test animal, the total action potential as an
overall neural answver to click stimulation was used to measure
adaptation, The auditory adaptation can be found in a decrease
of amplitude of the action potential under several circum-
stances (Kupperman). He messured the input-output curve wihen
the intensity of the stimulus was varied was measured. It was
found that there wes a decrease of the successive action poten-
tial with a factor after about 45abSHL with a madimum of about
75dbSPL. Because of this fast occurrence of auditory adapta-
tion, Rupreman wanted to prove that this auditory adaptation
Is strictly related to cochlear function itself ad cannot be
influenced by the efferent fibers from the central auditory
system. To observe the influence of the crossed axd uncrossed
efferent fibers, the neuclear cochlearis at the same side was
removed by a special section technique. Although the cochlea
was mw without any central influence the typical cochlear au-
ditory adaptation wes still there, The differences were that
that the area of the action potential wes strongly enlarged, the
INnput-output curve was ronv linear. There was no adaptation when
the intensity was increased. The influence of the crossed fibers
could be messured by carefully reacting the olivocochlear bundle
in the floor of the fourth uentricle. It resulted in an in-
crease of sensitivity at threshold levels. There was no influence
on the area of the action potential. The conclusion can be mete
that there is a strictly cochlear fast auditory adaptation due
to positive potentials in the vicinity of the hair cell ad a

central ipsilateral auditory adaptation that influence the input-
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out put function of the cochlea. The bundl e of Rasnussen has
only a function in the signal to noise ratio at threshol d
| evel s.

It is found that after the generation of a single
action potential a positive after potential is measurable.
During their occurrence a second generated action potentia
is always snaller. The anplitude of the second action poten-
tial is related to the anplitude ofthe first action potential,
or to its total area. A so when another positive potential in
the cochl ea such as the positive summating potential. The
action potential generated during this tine is always snaller.
This proves that there is a typical |ocal cochlear process that

Is responsible for a fast kind of auditorv adaptation.

Wever and Small (1963) both argue that auditory fatigue as
an early neural affair. Continuous stimulation is known to dim -
nish the rate at which a given nerve fibers responds, and if
| oudness is coded by the total nunber of inpulses per unit tine,
when | oudness certainly should decline during stinulation. Mre-
over as intensity increases and fibers thereby are forced to fire
earlier and earlier in their relative refractory periods, their
excitability becones inpaired the effects of forcing are cunu-
| ati ve.

4.4.4. Hair Cell and nerve synapse:

Pratt et al. (1978)recorded cochl ear m crophoni cs poten-
tials by means of surface el ectrodes, before during and after
white noi se induced TTS in human vol unteers. The behavi oral
threshold shift was not acconpanied by a change in anplitude of
cochl ear m crophonics. These findings indicate that in humans

the site affected by the noi se exposure and which probably give
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riseto the TTSis central to the site of generation of cochl ear
m crophonics. In an earlier study, Action potential generated in
the auditory nerve was found to be of |over anplitude and | onger
latency during TTS and it is thus proposed that the site affected
is peripheral to the generation of conducted action potential.
The synapse between the hair cell and the auditory nerve fibers

is the nost likely candidate to be the affected site.

The pat hol ogi ¢ physi ol ogy associated with asynptotic TISis
nost probably peripheral because the | oss of sensitivity for
cochl ear mcrophonic in the second and third turn bears a cl oser
numeri cal correspondenceto the TTS neasured in behavioral ex-
perinents than do the measured shifts of action potential res-
ponse. The shift in sensitivity for action potential were for
too large. Since the exposure to noise did not change the
de endocochl ear potential, disorder nust be in the hairwell
nodul ati ng nmechani sm The | arger changes in synchroni sed action
potential responses inply sone synaptic or neural dysfunction

in addition to the lots of cochlear m crophonic (Benites, 1972)

Recent work by Russell and Sellich (1977) measuring the
i ntrecochl ear intracel | url ar potential s of cochl ear hair cel |,
i ndi cates that the tuning of inner hair cell potentials is sim-
| ar to that of anauditorynerve fiber tuning curves. Studies
usi ng ot her nethods of decreasing the fibre's response have ob-
served concomtant changes in the tuning curve. It is observed
t hat measure of response decrenment due to the adapting tone was
constant across test frequency. Thus there are ot her mani pul a-
tion affect the tuning of the system the findings are consistent
with a view of adaptation taking place at thehair cell synospe

after the response of the fiber has been determ ned.



-130-

We cannot at present specify a particular site of the
adaptation and fatigue process in auditory nerve fibers. In
fact, Smith (1979) has suggested that there mey be several phe
nomena involved in adaptation, some seen at low levels axd short
durations (Smith, 1977; harris; 1977) ax others seen at higher
levels and longer duration (King et a. 1965) Youg axd Sachs,
1973). Studies of invertibrate auditory system indicate that
adaptation takes place at the synapse between the hair cell
ad efferent nerve fiber(Furukowa and Ishis, 1967) Flock ad
Russel, 1976).

5.5. HHHERENT BUNDLES

Activation of the efferent olivocochlear bundle is the other

possible mechanism. Such activation has been shown to inhi-
bit the sound induced discharge of auditory nerve fibers
(Fex, 1962, Wiederhold and Kiang 1970). It is unlikely the

olivocochlear responsible

Kiang ad Sachs (1965) severed the eigth nerve of a cat
including both the crossed and uncrossed olive cochlear bundlie
ad recorded in the peripheral stump, the perstimulatory rate
decline over the first fev msec. of a 40 msec. tone burst ad
the transient reduction of spontaneous activity immediately
after the stimuli were unaffected. Thus these short term

adaptation effects are not caused by divocochlear bundle activity.

Fex(1962, 1965) showed that when activated by prolonged
sound, may divocochlear bundle fibers showed some decrease of
their discharge rate with time ad post stimulatory decrease

in their responsiveness.
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Wiederhold ad Kiang (1970) dvowed that theinhibition of
auditory nerve fibers induced by direct electrical stimula-
tion of the crossed olivo cochlear bundle decreased with time
during a maintainted stimulus(ie., the inhibited fiber's dis-
charge rate increased with time). These responses patterns
taken together imply that the olivo cochlear bundle woud be
expected to produce a perstimulatory rate suppression which is
madnum near stimulus onset, rather than the observed that in
may of their experimental animals, crossed olivo-cochlear
bundle activation did not inhibit the spontaneous activity of
single nerve fibers. Following sound exposure, however, oo

taneous activity is dways reduced.

Thus, knom characteristic of the inhibition of auditory
nerve fibers, activity produced by the divocochlear bundie

differ in several respects from the adaptation known.
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SUMVARY

VW cannot at present specify a particular site of the adapta-
tion and fatigue process in auditory system Mddle ear nuscles
and efferent bundles as the site has been ruled out on the basis of
varied observation. Mny results point the |ocus as peri pheral
probably at the synapse between the hair cell and afferent nerve
fibers. Central factor in auditory fatigue, according to recent
results can be ruled oat. The reason is specific type of task
used for nental activity is critical. So it has been shown

central factor as an artifact.

* % %
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CHAPTER. 2.

MEASUREMENT
6. 1. | NTRCDUCTI ON

In order to neasure the decay of |oudness sensation during
acoustic stimulation a great nunber of psychoacoustic experinents
have been devel oped.

The net hods used for neasuring auditory adaptati on are based
mai nl y on changes in 3 psychophysical entities, ie.

1. On perstimulatory threshold shift and post stinulatory
threshold shift.

2. The decrease in |oudness of suprathreshold stinul us.

3. Decline of nmasked puretone threshold as neasured by an

intermttent masking tone.

O these perstimulatory threshold adaptation is the best
known (Schubert, 1944; Hood, 1954; Palua and Carhart, 1957,
Jerger et al. 1958; 1960, Palua and Pal ua, 1961, 1963) and it
has al so proved a practical test in the diagnosis of perceptive
hearing inpairnents (R ger and Fos, 1962; Johnson, 1956; Soren-
sen, 1962; and Palva and Pal va, 1966).

As regards perstinulatory suprathreshold adaptation in which
the nunber of inner ear and auditory tract units involved in
the hearing process is greater than at threshold | evel, highly
variable results have been recorded. The other unadapted ear
of the test subject has often been used as a reference w thout
paying sufficient attention to the functional change caused by
the conparison tone in the control ear (Wight,|960; Palua 1964).
This source of error can be elimnated by using a suitable

Interrupted conparison tone, consisting of short inpulses eli-
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citing a response corresponding to normal even in the adapted
ear (Hood 1950, 1955). Because of this the adaptation of the
control ear due to cross hearing of a strong stinulus becones
insignificant fromthe point of view of neasurenent, and on this
basis the test can be applied reliably not only to the study of
normal ears at high intensities but also to cases of unilateral

hearing | oss.

ne nust consi der the stimulus nmagni tude enpl oyed. Actual ly
nost investigators, no doubt in an effort to denonstrate the
phenonenon in a optimal manner, used intensities of 80 db. to
100 db. and higher. Such intensities may have exceeded the safe
limts of physiological stimilation and may have caused consi -
derabl e disconfort on the part of the test subject. Moreover
tinnitus occurs frequently after such high |evel exposures.
Several authors reported that some of their subjects showed
threshold shifts persisting for 24 hours or nore. Such shifts
were mani festations of acoustic trauma which should not be con-
fused with auditory fatigue. It appears necessary to avoid such
potential source of error and to confine experiment condition
to safe physiological levels. It mght also be admrable to
enpl oy large nunber of test subjects w thout previous experience
I n psychophysical testing, instead of using a snall nunber of

highly trained subjects as nost other experinenters have done.

Referring to the nmany publications we can distinguish two
maj or procedures, each divided in several methods according to
their peculiarities. This will provide the opportunity of show
ing which difficulties actually arose and to what extent the
| nperfection of these procedures limts the reliability of the

nmeasur enent s.
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Upto the present time the following procedures for measuring
auditory adaptation have been devel oped.

1. Monaurd procedures:

a) The threshold under masking (Luscher ad Zwislocki, 1949
Feldman, 1957; Langenbeck ad Kietz, 1959; Schaefer, 1959).

b) The threshold tone decay test (Carhart, 1957; Bosatra,
1960).

c) Bekesy audiometry (Jerger, 1960).
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Fig. 16. Threshold under masking (Feldman)

The subject is presented a pure tone axd after one minute
of sustained stimulation the same ear is offered a few
seconds, necessary for attenuatin% the white noise to a
level that permits %ust hearing the pure tone through the
white noise. After four minutes of sustained pure tone
stimulation the recovery from this functional state is
measured with short duration tones ax white noise.

2. Binawal pocedures;

a) Post-stimulatory comparison method (Pattie, 1927;
de Mae, 1939; Wood, van Gool, 1952; Fgan ad Thwing, 1955).

b) Perdtiullaibry comparison method, divided into simulta-
neous dichotic balance methods (Hood 1949) axd Localization
methods (Wright, 1960)
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Fig.17. The Kietz-Longenbeck test. _ _ _
Ore ear is offered a pure tone (sustained stimulation) to-
ether with a series of white noise pulses, of which
the duration t; and the interval t, can tee varied. Dura-
tion of t; and t, in relation to the intensity of both
signals are measured when the pure tone in between the
white noise pulses is just above the level of audibility.
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Fig.18. Initial adaptation or residual masking (Luscher and

Zwislocki) _ _ _
The tdtion iis memmured as a ffumdtion of the iintemsity

of the e tone Ise jjustt hellow Heeaii | leaned! iim rre-
| atiicom t‘g‘rtm\e irmtgrlgaal {J)ew\:\eem whiite noglgge and whinite
pure tone pulses.

6.2. MONAURAL HHROITHDBRES

6.2.1. Thrreshald wmdbsr measkimg:
Aaoording to Garmen autthors (laagenisedk eet adl, 196D, this

procedure without neking wse aff e cuopgar N c0r coontod| ezar,, me
presents the best way to meessure |loudiness discay spectiically in
pat holl ogii cal @il ttii omss.
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In the method of Feldman, ie., measuring the loudness decay
by masking the pure tone stimulation by a white noise, the de-
crease of the intensity of the masking noise (interrupted) in

decibels represents the amount of loudness decay.

The Kietz-Longerbeck test is a variant of the white-nooise
threshold audiometry. A sustained pure tone f. stimulation is masked
in the same canal by interrupted white noise pulses 0.4 sec. in
length with an interval of 0.04 sec. The Intensity of the pure
tone is varied in one decibel steps until the subject can hear

the tone in the intervals.

In the test procedure of Luscher and Zwidlocki the audi-
bility of a pure tone signal is mached in relation to the mes
king effect of white noise pulses. In an extensive experimental
study Schaefer (1960) used this mehod in a great variety of

parameters.

In clinical application monaural procedures has its use.
But it is doubtful in its importance in measuring the decay of
loudness as such.

Concerning the quantitative results of these methods it can
be said that the amount of loudness decay as messured by the
method of Fddman axd plotted as a function of intensity of the
adapting signal gppeared to be slowly progressive, depending on
the intensity. As the picture (fig. 16) shows, a 800 db ref
0.0002 microbar the loudness decay |lies somewhae between 20 ad
30 dbs, besides a dependence on frequency and bandwidth of res-
ponse tone ad noise. The sane can be said of the results of
the Kietz-Largerberk test, but here ad in the Luscher ad

Zwislocki experiments there are more variables, which influence
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the results.
Mor eover phenonena such as nasking and auditory fatigue are
identified with | oudness decay. Thus it is obvious that in the
test of Fel dman, Longenbeck and of Luscher and Zw sl ocki
different aspects of the charge in functional state of the
auditory organ are neasured. Therefore, these tests are |ess
reliable for detection of pathol ogical conditions of auditory
adapt ati onthan the threshold tone decay test, where no nasking

and fatigue is present.

6.2.2. Threshold tone decay test:

By this procedure the test person's hearing of a sus-
tained pure tone at near threshold intensity is determ ned.
First, the threshold of the frequency tested is measured by
presenting short tone pul ses. Then the same frequency is
offered as a sustained tonal stinulation, a few decibels |ouder
than the threshold intensity. The auditory sensation of a pure tone
as well as the all or non-hearing of that tone as a function
of duration of the tonal signal are pointed out to the subject.
Nor mal | y under these conditions a subject |Is able to hear
a pure tone as such beyond one mnute of sustained presentation.
Threshol d tone decay test has proved to be very useful and re-

liable in the differential diagnosis of perceptive deaf ness.

6.2. 3. Bekesy audi onetry:

Mae or less based on the same principle as the threshold
tone decay test, the Bekesy audiometry can produce diagnostic
cues by revealing different rates of loudness decay Lundborg
(1952) in his monograph, dealt principally with the amplitudes
of the audiometric tracings. In an attempt to anayse auditory

disorders found by Bekesy audiometry. Jerger dowead that mod
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tracings of 434 Beckesy audiograms could be placed into one of
four categories (1960). The basis for categorization is the
relationship between tracings of periodically interrupted ad

of continuously tonal stimuli.

6.3. BNAURAL HROCHOURES

Mos of the methods of measuring auditory adaptation ad
auditory fatigue have utilized two ears. The ear receiving the
sustained sound is called the adapting ear and the ear used to
estimate the amounts of adaptation is called the comparison ear.
The methods may be classified on the basis of whether loudness
iIs assessed during the course of adaptation (perstimulatory ada
ptation) or simply at the termination of the auditory stimulus

(post stimulatory).

6.3.1. Post-stimulatory comparison method:

In this method the loudness sensations of the acoustic sig-
nals at each ear are compared, after cessation of the adapting
stimulus is the stimulus causing a decay of loudness in the ear
under testing conditions.

6.3.1.1. Alternate binaural Loudness balance.

The testing run is divided into three periods. In the initial
period of the stimulus is alternately presented to the two ears
each presumably in a norma or unadopted state. The intensity of
the stimulus in the comparison ear is adjusted until the loudness
is balanced or equal in both ears. The second segment is the
adapting period during which a stimulus is applied continuously to
the adapting ear. During the final period loudness balances are
obtained in the same fashion as during the initial period, except
that nov one of the ears presumably has undergone adaptation. If

so, this adaptation will be reflected in the fact that for equal
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| oudness the conparison stinmulus is reduced in intensity conpared
to that required during the initial balance's. This nethod
clearly attenpts to nmeasure post stinulatory adaptation since
| oudness is elimnated not during, but before and after adapta-
tion. The use of alternate binaural |oudness bal ances has the
drawback of recovery occurring in the adopting ear each tine the
stimulus is turned off. So far the final period the state of
adaptation in the adapting ear is not constant. This nethod
either as described, or in a slightly nodified presentation
has been utilized by Pattie (1927), de Mari (1939), Davis et al.
(1950), Hood and Egan and Thwi ng (1955).

unad apted -,}vAd aptation “I“‘” Adapted
balance balsane

d N F 1 o

Comparison eer

T T ime e —— i ,._},

Fig. 19.Schematic representation of the nethod of alternate
bi naural | oudness bal ances. The darkened areas show
the tine during which a stinulus is on. Stinmuli are
never sinultaneously present at both ears, The com
parison stinulus is varied until a balance is ob-
tained. Wilized by Pattie (1927), de Mart (1939),
Davis et al. (1960), Hood (1950) and "Egan and
Thwi ng (1955).

6.3. 1.2 Del ayed Bal ance?

This procedure represents the ultinmate sinplification of
the This procedure represents the ultinmate sinplification of
mulus first aprears in the adapting ear, then upon its cessation

at the end of the adapting period the stinmulus 3s introduced

at the end of the adantina neriod the stimilus i s introduced
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briefly in the comparison ear. Alternating with a rest period,
the entire process is repeated but with each repetition the
intensity of the comparison stimulus is varied until it is judged
as being equal in loudness to the terminal portion of the adopt-
ing stimulus. For this mahod the amount of adaptation is per-
haps best defined as the difference in the obtained loudness
balance ad that balance resulting when the adapting stimulus

is of the same duration as the comparison stimulus. A difficulty
test detracts from this otherwise straightforward method is that
of specifying precisely wha time ssgment of the adapting sti-

mulus is used in loudness matching.

The validity of these methods depends on the independence of
the two ears. A degpendency could result from cross-conduction of
sound from the adapting ear to the comparison ear or from neural
interaction. Since the delayed balance method axd the alternate
binaural balance method employ stimuli that are in fact not pre-
sented simultaneously to the two ears, measure loudness adapta-
tion directly, that is, by loudness balances uncontaminated by
localization effects.

Balances

lekdaptationv/l rect __Jadantation”
=reg

" o % T
Adapting ear

Cmparison ear

b
'l

Time

Fig. F;(];. 20. Schematic representation of the method of delayed
balancbalance. The darkened areas dow the time during which a
stimul stimulus is on. Each run is repeated after an appropriate
rest perieast. Each time a run is repeated the intensity of see page 141
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of the conparison stimulus is varied and another

judgenent is nade by the listener. Stimuli are never

simul taneously present at both ears. There is only one

bal ancing period after the adapting period(Van Gool d( 1952)

6.3.2. The perstimulatory conpari son net hod:

This nethod in advantage to the alternate binaural | oud-
ness bal ance offers the opportunity to study the |oudness
decay during the presentation of the sustained acousti c-
stimul ation.

6.3.2.1. Simultaneous dichotic bal ance:

6.3.2.1.1. Tracking and fixed intensity:

Wthin the broad category of simultaneous dichotic bal ances
are found the nmethods of tracking, fixed intensity and varied
intensity. S multaneous dichotic stinmulus presentation, in-
vol ves presenting the conparison stimulus concurrently wth
the adapting stinmul us.

f unadapted balance - Adaptation balance#
ViV g sz

Adapting ear

bbbl bl AW L1 TR 0T []

Comparison ear

N

Time

Fig.21. Schematic representation of the methods of fixed
and tracking. 2 nethods foll ow the sane tenporal para-
digmand both invol ve simultaneous dichotic bal ance sti -
mul us presentation. The basic difference Is that with the
met hod of fixed ]nten5|tK only one bal ance is obtained
during presentation of the conparison stinmulus, while
the tracking procedure calls for continuous bracketing
which is autonatically recorded (Hood 1950).

The tracking nethod devel oped by Hood (1950) and used In nodi -
fied, formby Pal Va (1955) and Snall and Finifie (1961) differs
fromthe nethod of fixed intensity only in the manner In which
the magni tude of the conparison stinmulus is varied. Wth the

tracki ng nethod the conparison stimnmulus, when it is presented,
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Is varied continuously in a bracketing fashion about the
Intensity necessary for a balance. On the other hand, the
nethod of fixed intensity requires that only a single bal ance
be obtained each tine (usually 10 to 20 Sec.) that the conpa-
rison stimulus occurs (Egan, 1955 and Thw ng, 1955; Jerger,

1957; Wight, 1959; Sergeant and Harris, 1963).

The nethod of tracketing and fixed intensity, involves two
parts. During the first segnent the stimuli occur simulta-
neously for brief durations in both ears. For each occurrence
a bal ance is nade by adjusting the conparison stimulus. During
t he second segnent the adapting stinmulus is on continuously.

At regular intervals the conparison tone is presented briefly,
and bal ances are nade in the same nmanner as in the first seg-
ment, perstimulatory adaptation is manifest by the difference
bet ween the anperage of the preadapting bal ances contracted wth

bal ances obtai ned during the adapting period.

6.3.2.1.2 Varied Intensity.

Egan (1955) was of the opinion that the nethod of fixed in-
tensity mght encourage the formation of a |oudness standard
within the subject. Because of this, the subject, bal ancing
partly on the basis of his constant internal standard rather-
than the adapting stinulus, would probably show | ess adapt a-
tion than was actually occurring. Egan's nethod of varied inten-
Ssity was an attenpt to mnimze this source of bias. The essen-
tial feature of this method is that the stimulus in the adapting
ear is presented at different intensities each tine a bal ance
I's obtained. The adapting stinulus is naintained at a constant

| evel except during the balance intervals. The anount of adapt a-
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me—unadapted balance~v*4 Adaptation and balance-;
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Adapting ear
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Comparison ear
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Fi g.22. Schenatic representation of the method of varied in-
tensity. The darkened areas show the tne during which a
stinulus is on. The different heights of the on-of? markers
represent the various intensities at which the adagtlng
stimulus is presented for a sinultaneous dichotic bal ance.
The intensity of the adapting stinulus remains constant at
a given level during the interval Alowed fof a bal ance

and remains at a fixed |evel during the period when bal ances
are not being made. (Wttich, pilot study 1960).

tion for each intensity of the adapting stimilus tested is given
by the difference between the bal ance obtai ned during the ada-
pting portion of the run and the preadapti ng bal ance nade at

that sane intensity. Carterette (1955), and Thwi ng (1955) and
Egan and Thwi ng (1955) utilized a nodification of this nethod

in which the stimulus in the adapting ear was varied during the
preadapti ng bal ances, but kept constant during the adapting

segnent of the test run.

6.3.2.1.3 Assunptions in simltaneous dichotic bal ance nethod.

It is necessary to assune that the stinulus presented to the
conparison ear incurs negligible adaptation. It is quite ob-
vious that any adaptation occurring in the conparison ear wll
bias the data in such away that adaptation in the adapting
ear is underestimated. In order to mnimze adaptation in the

conparison ear, conparison stimuli are nmade as brief as possible
and usually raised in an ascending fashiong froma low intensity

f or each bal ance.
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Other assumption is that localization effects either do
not influence loudness judgments or that judgments based on
localization yield the same results as those based on loudness.
Whn identical stimuli are presented by earphones to each ear
simultaneously they tend to fuse into a single sound image which
appears in a plane mdway between the two ears. This sound
image mey be shifted from the median plane by varying the re-
lative phase (Zwislocki ad Fddman 1956) or intensity (Mills
1960) of the stimuli or both. In the typical simultaneous
dichotic balance, the phase relation remains constant, but the
intensity is varied and, as it is varied, not only does the sti-
mulus loudness change, but also the location of the sound image.
If a listener is instructed to balance the stimuli in terms of
loudness, a tacit assumption is mede that the apparent loca-
tion of the sound source has not influence on the resulting
judgement. On the other hand, if a listener's instructions are
to obtain a median plane balance, in order for this procedure
to yield a measure of perstimulatory loudness adaptation, it is
necessary to assume when the sound imege is located at the median

plane that the loudness at each ear is equal.

6.3.2.2. Localization methods

Whn identical stimuli are presented by ear phones to both
ears simultaneously they tend to fuse into a single sound image,
which is heard in a plane somewhere in or around the head Dbet-
wem the ears. On this principle (Van Bekesy 1929) Wright(1960)
developed the median plane'localization test.’

6.3.2.2.1. Asymptotic L ocalization:

First, median plane localizations are determined in the
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unadapted state by presenting the stimuli simultaneously in both
ears. The intensity of the 1-sec. comparison stimulus is varied
randomly from one presentation to the next ad for each prsen-
tation the listeners reports the location of the sound image
as left, right or centered. Next,the stimulus is presented

continuously to the adapting ear ad after 7 min. the compa

rison stimulus is presented in the same manner as in the first or

unadpted segment of the session. By using the 7 min. of con-
tinuous stimulation it is asumed that the adapting ear will have
reeched its asymptotic or steady state value of adaptation and
that further stimulation will not alter its functional state. The
meen intensity of the comparison stimulus necessary for a

median plane localization is obtained from the distribution of

judgements based on the unadapted condition. A. similar estimate

ﬂrmﬂ ﬂ,_ﬂ.ﬂﬂm

Comparison ear

Fig.23. Schematic representation of localisation mehod
(Wright 1960). Both ears are offered pure tones of the
sme frequency (250, 500, 1000, 4000 Hz.) In the initial
balance the Uones are simultaneously offered to both ears
to obtain a median plane localization of the sound imege
within the heed of the subject. After seven minutes of
sustained tone stimulation of one ear, a scores of tone
pulses is ottered to the other ear in order to obtain
once more a median plane localization of the sound image.

is obtained from the data gathered after the adapting ear has
reeched its asymptotic state ad the difference between the
two presumably represents the amout of adaptation. Wright re-
ports that for a 500 hz., 90dbS L tone, 50db of adaptation

occurred, a considerably larger anout than reported under simi-
lar conditions witft any pther crocednw
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6.3.2.2.3 Myving Phantom

Anodified formof earlier nethod is noving phant om nethod
described by Wight (1960). It is simlar to the nethod of
asynptotic localization in that the stimulus if first sus-
tained in the adapting ear for 7 mns. in order for that ear
to adapt conpletely. Next, astimulus is presented to the
conparison ear at a fixed intensity. |If the intensity of the
conparison stimulus is the sanme as the adapting stinulus the
sound inmage will initially be localized toward the conparison
ear, but as tine progresses, the conparison stimulus wll nove
toward the nedian plane. The tine, fromthe initial presen-
tation until the sound inmage reaches the nedian plane, is re-
corded. Thus, instead of manipulating, the intensity of the
conparison stimulus until a nedian plane localization is obtai-
ned, the intensity of the conparison stinmulus is fixed and the
tine for the sound inage to reach the nedian plane is deter-
mned. There is no way to transformthe tine neasure to the
nore traditional intensity neasure and for this reason results
obtained with this nethod are difficult to conpare to those

obtained with others.

6.3.2.2.4 Intensive and phase |ocalization:

Both these nethods are simlar with respect to the tenpora
presentation of the stimuli. The first part of the intensive
| ocal i zation method is concerned w th obtaining nmedi an pl ane | o-
calizationwith both ears in an unadapted condition. This is
done by presenting the stimuli briefly to both ears. The |ist-
ner indicates whether sound inmage is to the right or left of
the nedi an plane. After an appropriate rest period the proce-

dure is repeated but with intensity of the the conparison
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stinmulus adjusted to adifferent value. Eventually an intensity
of the conparison stimulus is found which yields a nedi an

pl ane judgnment. During the second part of the procedure the
adapting stimulus is presented, then turned off, but turned

back on simultaneously with the conparison stinmulus. The diffe-
rence between the intensity of the conparison stimilus for a

nmedi an pl ane bal ance in the adapted and unadapted state is taken

to the anmount of adaptation.

Fl ugel (1920) used the sanme node of stinmulus
presentation in a nmethod of phase |ocalization. Instead of
adjusting the intensity of the conparison stinmulus Flugel used
stimuli of identical frequency in each ear and varied the phase

of the conparison stimulus to obtain centering of the sound i nage.

These two net hods neasure correctly recovery from adapt a-
tion since nmeasurenents taken during 'adaptation' involve a re-
stinmulation of the adapting ear after an intervening period of
silence. The nethod of phase |ocalisation does not give the

I ndex of adaptation in a dinension other than intensity.
s Bl
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Fig. 24. ‘'Intensive and phase} loealization method according to
Ven Bekesy (1929) and Egsn and Thwing (1955) which can be
considered =23 a combination of both post-and-perstimula~
tory procedures.
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Recent |y Takashi Tsui ki published his investigations with
a procedure, which mght be called variant of Wight's nethod.
A pure tone of a given frequency is divided into two channel s.
The intensity is one of themis constant throughout the test
period, the one conducting to the test ear. The other channel
through an autonatic interruptor and a Bekesy type at t enua-
tor is passed into the control ear. Thus the conparison tone
Is interrupted periodically with a repetition period of 2500
nsecs. wth a duty cycle of 70%. Both tones are in phase and
therefore the phanton sound noves to and fromw thin the head
between both ears in proportion to the interaural |oudness -
differences. The subject regulate the Intensity of the conpari -
son tone by neans of a push-button connected to an autonmatic
reversing attenuator of the Bekesy type in order to get the
phanton sound |ocalized in the centre of their head. The
results are recorded by a pen witer. Tsuiki denonstrated

clearly a considerabl e anount of |oudness decay to occur in the

first five secs.
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Fi g. 25. Loudness decay plotted as the function of duration
of the conditioning stimulus. On the ordinate | oudness
decay is plotted as a percentage of |oudness | oss; values
are to be considered as representative for different
sensation | evel s.
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Fig. 26 Conparison of results obtained by 10 investigation.
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for 3 mns. of sustained stimnulation.

6.4 MONAURAL AUDI TCRY ADAPTATI ON AS MEASURED BY SI MPLE REACTI ON
TI ME.

It has been well established in the reaction tine litera-
ture that there is an inverse relationship between a human
subjects reaction tine and the intensity of the acoustic reac-
tion time stimulus (Wodworth and Schl osberg 1954). Reaction
time procedures have been utilized in several studies which have
investigated auditory intensity phenonena in humans and nonkeys

(Gegg and Brogden, 1950; Mbodey, 1970, 1973; Pfinget et al.1973)
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It is known that |oudness is the psychol ogical correlate of in-
tensity (Fletcher and Munson 1933, Wodworth and Schol ar berg
and others). It is also known that as stimulus intensity in-
crease the subjects reaction tine decreases. Based on this
know edge it would seemlogical to assunme that as stimulus is
perceived at a | ouder sensation | evel, the subject is able to

respond nore quickly to the stinmulus and vice versa.

Assumng then, that, there is sone rel ationship between
| oudness and reaction tine it would seem appropriate to infer
that auditory adaptation can cause a decrease in the subjects
percei ved |oudness of an auditory stinmulus which would result in
| onger reaction tine. The use of a reaction tine procedure does
not require the use of a conparison tone and therefore, elim-
nates the possi ble contamnation of auditory adaptation data by
| ocalization effects and contral ateral ear adaptation. |n addi-
tion, it is not required to formany type of subjective |oudness
standard because he is not responding to intensity perse but

rather to the presence or absence of a given stinulus.

Davis and Wil er (1976) conpared pre and post reaction tine
neasures following 7 mn. of nonaural auditory adaptation. The
adapting stimulus utilized was a 500 Hz. pure tone presented at
an intensity level of 50 dbSPL for a period of 7 mns. The
pre and post adaptation reaction tinme nmeasures were obtained for
the frequencies 400, 800 and 1000 Hz. at intensity |evels of
50, 60, 70dbSPL. The results revealed tine nmeasures for all of
the frequencies and intensities tested and woul d suggest tine
neasures can be utilized in the study of auditory adaptation

phenonena.



-151-

| odi ce (1959) has constructed a test for the determna-
tion of auditory fatigue. This test consists of follow ng
parts:

1. Determnation of the AC and BC threshold at 1024 and
4096 Hz.

2. fatiguing by these frequencies at |00dbSPL intensity,
for 5 mns. and determnation of the thresholds after 2 m ns.
rest.

3. 20 mns. rest.

4. Vocal audionetry with | ogotones. Using this technique
a study has been nade of 40 subjects sub-divided into several
groups. Fromthe findings in general the conclusion is drawn
that the nethod nmakes it possible to test both the sensitivity
to sound trauma and to determ ne what acoustic sectors are
nore electrically exposed to such traunma. The possibility of
determ ni ng anatono-functional sectors that are particularly
susceptible to sound trauma renders this nethod of examnation
socially interesting as well. But detailed information regarding
this test is not avail able.
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6.5. Objective method of determining recovery period and asymp-
fofic period.

Vyasamurthy (1977) gave a definition of adaptation which led
Vidya (1976) to determine the recovery period and asymptotic
period objectively. The definition runs as "....the difference
between the intensity of the post adapted stimulus and the
intensity of the rag preadopted stimulus which produces the same
magnitude of reflex as that of the post adapted stimulus”

To determine recovery period:

For this following are the steps.

a) measure auditory acoustic reflex threshold at adapting
frequenci es.

b) Recovery time at the adapted frequency is determ ned
after adaptation. Recovery tinme is the tine taken to get the sane
magni tude of the acoustic reflex for the same intensity of the
stimulus after the ear was adapted with the adapting stimulus,
the same stinulus (i.e., adapted frequency) was presented at
acoustic reflex threshold, at intervals of 10 see. until the bal ance
met er needle was as same as the pre adapting acoustic reflex threshol
Recovery time is the interval between the cessation of the adapting
stimulus and the introduction of the same stinulus at acoustic
reflex threshold at which bal ance neter needl e deflection is as
sane as the deflection of the balance nmeter needl e before adapta-
tion.

(Fig. seel51b)

To determne asynptotic period:

a) Measure acoustic reflex threshold at adapting frequency.
b) Determine recovery time at the above frequency after
adapting the ear for 7 mins.
( Fig. see 151 b)
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Using this objective method Vidya (1976) has found following

facts.

1. Recovery time at ane actave higher than the adapting fre-
quency is more than when measured at the adapting frequency. This
leads to the conclusion that adaptation is more at a frequency

one octave higher than the adapting frequency.

In this study it is

asumed that greater the recovery time greater would be the adapta-

tion.

2. Adaptation reached asymptotic state at about 7 min. when
the adaptation level was at or +5 db acoustic reflex threshold of

the norma! hearing subjects.
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3. Recovery time progressively increased from 1000Hz. to
4000 Hz.

ex: recovery time was 18.5 sec. at 1000 Hz., 52.5 sec. at
2000 Hz. and 230 see. at 4000 Hz.

4. Recovery periods appear to have reached a steady state
from 420 sec. of exposure time.

LUMMARY.

The relationship between adaptation and auditory threshold
can be studied either as a perstimulatory change by recording, as
function of time, the stimulus intensity required for obtaining
the threshold, or it can be studied as the behaviour of threshold
after stimulation. Both monaural and blnaural procedure have been

used to measure adaptation and fatigue.

Monaural procedures include threshold under masking,
threshold tone decay test and Bekesy audiometry. Blnaural proce-
dures can be divided Into poststimulatory comparison method which
include loudness balancing method and perstimulatory comparison
method which includes simultaneous dichotic balance method and

localization method.

Simple reaction time measurement for monaural auditory
adaptation is also used. Objective method of determining recovery
period and asymptotic period from loudness can also be used

successfully
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CHAPTER. 7
APPLI CATI ONS.

7.1 | NTRCDUCTI O\

At present, we can see no imredi ate w despread clinica
application of adaptation and fatigue neasurenents. W do not
know whet her the nost applicable mght be short tine or |ong

time exposures, for high or lowintensity, etc.

7.2 EFFECT OF AUDI TORY FATI GUE ON THE AUDI OGRAM

There is no doubt that if one presents a tone at 100db or
nore for 1 mn. or nore, an effect will be produced on the audi o-
gramthat is nmeasured subsequently. On theother hand it is clear
that exposure of the order 10 sec., which is usual for the be-
ginning of an audionetric test, with noderate intensities wll
not produce auditory fatigue effects, provided that the audi o-
gramis neasured at |east sone secs, after the cessation of such

an orienting tone.

In audionetry we should be particularly worried about audi-
tory fatigue at the same frequency as that of stinulation. Such
auditory fatigue at noderate intensities is inportant on fre-
guenci es above 800 Hz. and even then for ex. at 2000 Hz., the
effects do not becone appreciable until the sensation |evels
exceeds about 80 db(Hood 1950). |In cases of severe hearing | oss,
we have to present at least the first tones at nmuch higher in-
tensities in order to be sure that the patient knows what to
listen for. A though the amount of auditory fatigue fromsuch
intensities will depend on the type of hearing | oss, a precau-
tionary pause after such a tone before the threshold woul d be

advi sabl e.
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7.3 'K ETZ TEST'.
Attenpts to use ultra short termTTS as a clinical tool have
occurred in Arerica, but in Germany the 'Kietz test' enjoys

sone popul arity.

Loi ngenbeck (1959) succeeded in simnultaneous determnation
of auditory adaptation and fatigue. This method is called

Kietz test. It consists of the foll ow ng steps.

1. The curve of the auditory threshold of the patient is
det er m ned.

2. A noise audionetric curve is nmeasured.

3. Anoise audionetric curve with the use of tine swtch,
whi ch causes a periodical interruption of the noise so that
noi se pul ses (instead of a continuous noise) of 0.4 sec. dura-
tionwith intervals of 0.04 sec. duration are obtained, which
superi npose the audi oneter tone as continuous tone.

He carried out Kietz test eighty times. |In healthy subjects
the curve neasured with the tine swtch hal ves the distance bet-
ween the auditory threshold curve and the normal noi se audi o-
netric curve. The sane is found in pure disorder of sound condi -
tion.

In disorder of the inner ear the pictures are nore conpli-
cated. A pathological auditory fatigue is often found. [If for
instance, it is found in the region of the |ower frequencies, it
I's characteristic of Menieris di sease. Wereas such a pat hol ogi -
cal fatigue in the higher frequencies regions generally indi-

cates a degenerative inpairnent of hearing.

After an old acoustic trauma the test may sonetinmes be
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normal , in other cases, It nmay show a pronounced pat hol ogi ca

auditory fatigue.

In sinple inpairment of hearing of old age and in endoge-
nouse heredity deafness the Kietz test is nornal.

It is pointed out that disorder of the inner ear with
verified pathol ogical auditory fatigue are definitely nore
serious than those of the sanme severity, but w thout pathol ogi-

cal auditory fatigue, especially with regard to hearing of speech.

7.4. SHORT TERMTTS.

Only a few attenpts have been nmade to use short termTTS
in clinical test battery.

Lierle and Reger (1955) exposed patients with various types
of loss to 360 20dbSL. In Sn | oss cases their threshol d
shifts were nore persistent than those of nornmals. In conduc-
tive loss cases '20dbSL'" probably does represent about the sane
energy entering the cochlea for the patient as for the nornal,
woul d expect, therefore, that the adaptation should al so be
sane. However, this does not seemto be the case. A though
a 3 mn. exposure at 20dbSL produces the sane initial TTS In
conductives as in nornmals, the conductives recover nore slowy
(Epstein et al. 1962) Katz and Epstein (1962) suggest that
this may be associated with the relative disuse, that is, non-
exposure to sounds of high | oudness, of these ears; To support
this view Katz gave the 20 dbSL test to nornals after an ear-
plug had been worn in the ear concerned for 5 10 or 15 hrs.
He found a 10db greater TIS in the ear that had been 'deprived

of stimulation for 15 hours. But any type of conductive |oss
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will apparently produce this 'disuse' phenonenon, 3ince there
were no difference between otosclerosis and nonotoscel erosis
(Epstein et al. 1962) so there seens to be of little di agno-
stic value in this area.

7.5 TTS PARAD GV FOR ASSESSI NG SOND TRANSM SSI ON | N THE AUDI TCRY
SYSTEM DURI NG SPEECH PRODUCTT ON

Voi ced vowel production inpedes transm ssion and reduces
the energy delivered to the cochlea froma fatigue stinulus.
This is evidenced as the reduced TTS nmagnitudes associated with
this condition. 2 potential mechani smare proposed to account
for the alteration in sound transm ssion during voiced vowel
production. e mechani sminvol ves possi ble mddl e ear nuscle
contraction and the other concerns alteration in the normal vi-
bratory node of the stapes caused by vertical vibrations of the

skul I during phonation (Karlovich and Luternman 1970).

Von Bekesy (1960) has called the attention to some uni que
mddl e ear structural and physiol ogi c consideration in man and
other mammal s that mght be inportant in reducing the bone con-
ducted sensitivity of the ear to the organisns self-vocaliza-
tion. He pointed out that the stapes foot plate in man is
elliptical in shape and inserted into the oval w ndow so that
its long axis is at right angles to the vertical axis of the
neck. During the transmssion of externally generated air borne
sounds, the stapes rotates about a vertical axis through the
posterior crus, thus produci ng a naxi mal di spl acenment of the co-
chlear fluid. e of the nechanisns for reducing transm ssion of
bone conducted feed back during speech production proposed by
Von Bekesy has shown that the vibration anplitude of the skul

during voi ce vowel production is nmaxinmal In the vertical direc-
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tion ad maximda in the onterior-posterior as well as in lateral

direction. He then pointed out that, because of the large verti-

cal anplitude of skull vibration during phonation, these vi-
brations are communicated to the incus which in turn causes the
stapes to rotate its long axis through the footplate, thus pro-
ducing amninal fluid displacenent in the cochlea. This vibra-
tory node of the stapes al so occurs when excessive sound pressure

at the threshold of feeling are presented by air conducti on.

Rotation of the footplate of the stapes about its long axis
during each of the voiced vowel production has been responsible
for attenuating transmssion of energy to the cochlea fromthe
air conducted fatigue stinmulus. Such an intermttant alteration
in vibratory node of the stapes m ght have been responsible for
produci ng the reduced TTS nmagni tudes during voi ced vowel condi-
tion relative to the non-voi ced and whi spered condition. The
reduction in transmssion could have occurred w thout involve-
ment of the mddle ear nmuscle or possible in conjunction with
such invol venent. Von Bekesy (1960) however, did not state
whet her the mddl e ear nuscle were involved in the function of

this nechani sm

7.6 TTS PARAD GM EVI DENCE FCR AM | NFCRVATI ON PROCESSI NG CHANNEL
SELECTI VELY SENSI TI 10 FRE :

The notion that sensory information is processed in parallel
channel s has been nuch discussed in recent years. The various types
of psychophysi cal evidence that have been cited for the evidence
that have been cited for the existence of such channels were
succintly listed by Bl ackenore and Sutton (1969) in the follow ng

cases.:
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a) programme attenuation of the magnitude of sensation during
adaptation,

b) selective threshold elevation following adaptation to
changing size,

c) the existence of a negative after effect ad

d) distortion of perception after adaptation.

The auditory cortex of cats contains neurons that respond
mudh more strongly to changing stimulus frequency than to chang-
ing stimulus intenslty(White field ad Evans 1965). If analogous
exist In humen auditory cortex, then they might foom a basis for a

psychophysical channel selectivity sensitive to changing frequency.

Exposure to an frequency modulated tone elevates frequency
modulated threshold but not amplitude modulated threshold. This
holds for a wide range of frequency deviation
(F =4+04Hz. - +30Hz at least) provided that modulation of
frequency is low ( f,, = 2 Hz.) but if f,, is somewha higher
( ex. 8Hz the finding only holds for small frequency deviations.
Frequency modulated threshold can rise with time upto an adapting
duration of at least 1200 sec. though the build up depends on
frequency deviation. Exposure to an amplitude modulated tone
elevates amplitude modulation tone, but not frequency modulated
tone threshold, over a wide range of modulation depths. Quas
frequency modulated adapting tones resemble frequency modulating
adapting tones have identical power spectra. Exposure to a pure
tone produces no difference between frequency modulated tone ad
amplitude modulated tone threshold elevation. These data can be
explained If the humen auditory pathway contains separate infor-
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mati on processing channels for anplitude nodul ated and frequency
nodul at ed signal s whose sensitivities do not overlap even with
suprat hreshold stimuli.(Regan and Torsley 1979). Frequency nodu-
| ated channel (but not the anplitude channel) is sensitive to
changing difference between signals fromdifferent sites al ong

the basi | ar nenbr ane.

Because frequency nodul ated tone depresses auditory sensi -

tivity to frequency changes, but not to anplitude changes, whereas
exposure to an anplitude nodul ated tone depresses auditory sensi -
tivity to anplitude changes but not to frequency changes. W can
argue that infornmation as to changing frequency and infornation

as to changing anplitude are processed in separate psychophysi cal

channel s,

7.7. USE OF TTS I N THE DERI VATI ON GF DRC FOR NO SE EXPOSURE.

A set of damage risk criteria (DRC) developed for the U S Arny
were published in 1960 by Kryter et al. These criteria cover both
continuous and intermttant exposures to steady noise - noise only
vaguel y defined as being w thout pronounced peaks - for bursts of
hal f a second or |longer. Their devel opment was pronpted by the
recent denonstration that the equal energy hypothesis was nuch too
conservative. Equal energy assunption states that all exposures in-
volving a given total anount of energy in a given octave band are
equal | y noxi ous. However, since these different exposure patterns
have been shown to lead to different values of TTS (Wrd et al. 1958,
1962) it seens highly unlikely that they should produce equal noise
| nduced per manent t hreshol dshi fts(NI PTS). Insteadit i snorereasonabl eto
assurme that daily noi se exposures that produce equal values of TTS

will eventually result in equal values of N PTS, especially since
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the rate of recovery from a given value of TTS depends little

on howv the TTS was produced (Wad et al. 1959).

The equinoxiousness of exposures that produce given TTIS
was the fundamental assumption involved in a new criteria, once
agreement had been reached on the octave band levels permitted
for an 8 hour daily exposure to steady continuous noise, it weas
a relatively ssmple matter to derive, from recent studies on TTS
produced by intermittent or interrupted exposures, three sets

of equal TIS contours.

The first set shows the levels permitted for single exposures
to a steady noise from 2 min. to 8 hr. These can also be used to
evaluate the noxiousness of noises that vary with time but never
drop bdow amnimum TTS value. The mnnum TTS value level of
an octave band noise is that S bdow which the slight TTS pro-
duced does not increase with time, it is about 75dbSAL for the
Octave bands from 300 to 4800Hz. (Wad et al. 1959). Thus if a
noise alternate regularly between 88 ad 100 doSAL in 1200-2400 Hz
octave band, it will produce the same TTS, as a steady AdbSL

noise. The average level is wha is important here, not the ave

rage energy.

The other sets of curves deal with noise that fluctuate above
and bdow the 'minmum TTS value'. Ore set covers noise bursts
ranging in duration from about half a sec. to 2 mins. with noise
bursts as short as this, the TTS produced is almost, proportional
to the fraction of the time exceeds the'minmum TTS levd(Ward 1962)

The third set of criteria cover repeated noise bursts ad

ad intervening quiet periods longer than 2 min. In this case,the
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criteria are presented in terms of the necessary duration of rest
periods if the TTS from repeated exposure at a given level ad
duration is not to exceed the criterion TTS at the end of the day.

In all eases, more energy - in some, considerably more can be
tolerated in a fluctuating, intermittent or interrupted noise then
in one at a constant level. In addition to the curves described,
a set of single exposure criteria have been presented for use when
the exposure stimulus is a tone instead of a noise.

How much hearing loss is to be expected if these criteria are
faithfully followed is a question usually put. In regard to the
average NIPTS,Glorig et al. (1961) have shown that the average
TTS, produced at 4000 Hz. in norma young adults by an 8 hour
exposure to 4 industrial noises happens to be nearly identical to
the NIPTS resulting from 10 year or more of normal industrial
exposure to the same noises. So the relation is linear.

Industrial deaf ness.

No words need be written to emphasize the importance of this
practical problem. It remains a problem that commands the attention
of may clinical and experimental workers today. Industry is getting
noisier, and hearing losses that result from such noise are becoming
more numerous. Vey few controlled studies on the relation between
permanent hearing loss end the conditions of stimulation are avai-
lable. This is undoubtedly due to the difficulty in obtaining experi-
mental listeners. The tremendous literature on the nature of per-

manent hearing lossthat is found in actual practice affords little by

way of ananalysis of the important dimensions of stimulating sounds
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Certain stimulus dimensions have been teased out of industrial
surveys. The relation between hearing loss axd duration of exposure
for ex. was obtained from two groups of workers, one of which had
been employed in noisy work for 15 to 20 years and the other for
20 to 25 years by Rosenblith. The average hearing loss for the
|atter group was about 10db more severe above 2000Hz. Rosenblith
also measured the average hearing loss for three groups of workers,
namely, boilermakers, blacksmiths, and ironsmiths, and machinists,
in order to relate hearing loss to intensity of stimula-
tion. The average noise levels to which these groups were exposed
for more than 15 years were 90, 80, 75 db. respectively. The re-
sults show hearing loss increases as the intensity increases.

Wak on prophylaxis goes on in several directions,

1. May attempts are being mede to find in appropriate test
to determine a man's susceptibility to permanent hearing loss as a
result of prolonged exposure to noise. This has been discussed in
detail in earlier chapters.

2. A second attack on the problem has to do with the use
of ear plugs.

3. A third direction has to do with the engineering aspects

of making working environments more quiet.
*k*

IMVARY:

Decreased response to sustained stimuli is a common feature
of all receptors of the sensory system. It can beobjectively de-
monstrated, for instance by electrophysiological methods, as a
decline in the rate of discharged impulses per time unit. The phe-
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phenonenon i s known as adaptati on and, according to Ranke's
theory, its essential object is the production of a purposeful
bal ance between stinulus and response to stim ation(Ranke, 1955;
Kei del, 1961). Adaptation, however, is not nerely a peripheral
event, it seens to occur in the central nervous systemtoo

(Kei del, 1959, Keidel et al, 1960).

Adaptation in the human ear is easily denonstrable as a shift
in threshold of hearing, or as adecline in |oudness of supra-
threshold stimuli; or it may appear in the formof changes in
sound quality, sound |ocalization, and in nmasked pure tone thresh-
old. In aninal experinents the phenonenon shows Itself as adim-
nution in the auditory nerve action potentials and a reduction

of the nunber of action potentials of individual nerve el enents.

The concept "auditory adaptai on" was suggested by de Mare'
in 1939. Wpto the |last fewyears, however, the termnol ogy has
varied. Al the follow ng terns have been used i nterchangeably;
auditory fatigue and its German equival ent "Ernmudung” (Bekesy, 1929;
Schubert, 1944; Hood, 1950), physiol ogical fatigue (Hod 1950),
and in electro physiological studies, equilibration (Derbyshire

and Davis 1935).

Even though adaptation and fatigue nmay occur parallely, they
should be clearly separated fromeach other. Auditory fatigue
follows intensive stimulation in the nornmal ear, the nmaxi num change
taking place one half to one octave above the pure tone stinmul us.
The degreee of fatigue increases continuously with the duration and
the intensity of stinulation, or a balance is not reached until at

abnormal sound intensities. Recovery is slow, it is related to the
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the degree of fatigue an, if the stimulus is strong enough, an
irreversible change may result. Pure adaptation quickly attains
adefinite level inrelationto the stimulus and there is no fur-
ther increase; the greatest change take place at the stinulus fre-
guency. Recovery is rapid and does not depend appreciably upon
the anmount of adaptation (2w sl ocki and Pirodda 1952; Kietz |960;
Zwi sl ocki, 1960; Hood 1960; D shoeck, 1954; 1960).

The net hods used for nmeasuring human auditory adaptation are
based mai nly on changes in three psychophysical entities, i.e., on
per and post stimulatory threshold shift, the decrease in |oudness
of suprathreshold stinulus, and decline of nasked pure tonethre shol
as neasured by an intermttent nmasking tone. 0 these, perstimlatory
threshol d adaptation is the best known (Schubert, 1944; Hood, 1954;
Pal ua, 1956; Carhart, 1957; Jerger et al, 1958; Jerger, 1960;

Sor ensen, 1960; Pal ua and Pal ua, 1961, 1963) and it has al so proved
a practical test in the diagnosis of perceptive hearing inpairnments
(Reger and Kos, 1952; Johnson, 1956; Sorensen, 1962; Pal ua and

Pal ua, 1966; Palua et al, 1967).

* %k %
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