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| NTRCDUCTI ON

Protection fromnoi se i nduced hearing loss (NH) would
be easily possible if there was a sharp denarcation between
susceptibility and non-susceptibility. But it is known that
there are individual differences in this respect. Researchers
have endeavoured to devel op suitable tests to differentiate
t he susceptible fromthe general population, with an ai mof

of fering good protection and thus preventing NI HL.

The nost commonly used tests are those based on t he
Tenporary Threshold Shift (TTS) paradigm The rationale for

usi ng this was based on Tenki n's hypot hesi s.

Tenki n suggested that the neasurenent of tenporary change
in hearing sensitivity following a brief but noderately intense
acoustic overstinulation provides a sinple valid estinmate of

per manent hearing | oss due to noi se exposure (Kamakshi, 1981).

The relation between TTS and NNHL is not sinple. There
are variables |like the frequency, duration and intensity of both
t he exposure stimulus and the test stinulus, which effectively
alter theresultant shift in threshold (Hunes, and Bess, 1978).
Ward (1968) said that the best predictor of permanent threshold
shift (PTS) was the TTS resulting fromexposure to that specific
noi se to which the individual is routinely exposed in his envi-

ronment. This feature of noise specificity limts the clinica



use of the TTS paradigm So a single standard noi se sti nmul
cannot be used for all the subjects. Hence, its use as an

i ndex of susceptibility has its limtations.

Humes and Bess (1978) tried to find an alternative to
t he conventional TTS paradigm They exam ned the various psy-
chophysi cal neasures which are predictors of susceptibility to
noi se induced tenporary threshold shift. The test conprised
of three tests (1) Aural overload test (2) Critical intensity

procedure (3) Loudness disconfort |evel.

This test battery did succeed in delineating 'tough' ear
fromtender' ears. Further, the aural overload test was found

to be a highly accurate predictor of TTS.

Humes (1977) suggests an ideal susceptibility test battery
consi sting of
(1) The aural overload test.
(2) The threshold of octave masking test.
(3) The critical intensity nodified procedure.

(4) Word discrimnation scores obtained in noise.

St udi es have been carried out to show that the TTS is related
to acoustic reflex (Borg, 1968, Brashner 1969 etc). This is
because the reflex attenuates |ow frequency bel ow 2000Hz by upto
20 dB. This isbelivedto act as protection against N HL (Col es, 196S

As TTS is related to the intensity of the signal reaching the inner



ear, if thereis areduction inthe intensity due to the reflex
action it shoul d consequently reduce the TTS (Borg, 1968;
Brashner, 1969).

Johansson et al ., (1961), Myakita et al., (1978) have
found a rel ationship between the acoustic reflex (AR and N HL
Zachariah (1980) found that acoustic reflex can be used as an
I ndex for susceptibility. She found that subjects with greater
TTS exhibit |ow acoustic reflex threshold. Subjects with |ess

TTS exhibit high reflex threshol ds.

So subjects with | owacoustic reflex threshold (i.e. suscep-
tible ears) showgreater TTS and greater nmagni tude of contraction
of the stapedius nuscle. Al so, subjects “ho denonstrate a high
reflex threshold (i.e. not susceptible) showless TTS and | ess

magni t ude of contraction of stapedi us nuscl e.

The fatigability of the stapedius reflex is another aspect
whi ch can be used as a predictor of susceptibility to NH

(N lsson et al 1980).

Kamakshi (1981) found that subjects with greater TTS had
nore adaptation and that a subject with Iess TTS had | ess adapt a-
tion. In a'tender' ear both the mechanismi.e. hair cell and

neural mechani sns are susceptible to N HL.

Jagadi sh (1982) has found that the relation between acoustc

reflex threshold and threshol d of octave nmasking. Further, he



found that the acoustic reflex were negatively correlated, so
an individual with | ow acoustic reflex threshold wi |l denon-
strate a large magnitude of reflex. This is in agreenment with

Zachari ah' s(1980) st udy.

It is known that the functional state of the auditory
system changes when the auditory systemis continuously exposed
to auditory stinmulus. One of the nethods to check whet her the
functional state of the auditory systemhas changed, follow ng
continuous auditory stimulation is threshold determnati on.
Thi s net hod has been w dely used. However, there appears to be
a new way by which one can neasure the change in the functiona
state of the auditory system follow ng continuous auditory
stimulation. That is, the neasurenent of averaged refl ex nmagni -
tude. The neasurenent of averaged refl ex nmagni tude, before
and after continuous auditory stinulation would perhaps give an
obj ective assessnent of the functional state of the auditory
system The present study has been designed to find answers to

the foll owing questions -

1. Does the anplitude (nmagnitude) of the averaged reflex vary
w th the nunber of presentations of the stinmulus, before the

ear is continuously stinulated with an auditory stimulus?

2. Does the nmagnitude of the averaged reflex vary with the
nunber of presentations of the stinmulus, after the ear is con-

tinuously stinmulated with an auditory stimnulus.



3. What is the mninmumduration of the continuous stinulation

after which the magni tude of the averaged reflex changes?

4. \What are the physical parameters of the continuous auditory
stimulus (such as frequency and intensity) which produces a
change in the functional state of the auditory system (i.e. in

terns of a change in the averaged magnitude of the reflex.

5. Do the normal subjects show individual differences in the
magni tude of averaged reflex after the ear is continuously

stimulated with an auditory stinulus?

6. Can the subjects who exhibit a change in the magnitude of the
averaged reflex (after the ear is continuously stinulated) be

consi dered as susceptible to NI HL.

Definition of terns used in this study:

1) Noise Induced Hearing Loss - any gradual dimnution of hearing

acuity associated with noi se exposure.

2) Susceptibility for noise induced hearing |loss - the Iikelihood

of a person to develop noise induced hearing |oss, if exposed

to continuous excessive noise for a long period.

3) Tenporary Threshold Shift - any post stinulatory shift and audi

tory threshold that recovers ever time or that which is tenpo-

rary in nature. It is measured in dB.



4)

5)

6)

Acoustic Reflex Threshold: the mninuma intensity of the

stimul uswhi chgi vesanoti ceabl edefl ecti ononthei npedance

i nstrunent.

Averaged reflex - Refers to the averaged anplitude of reflex

obtained for ten successive presentations of the auditory

stimulus at acoustic reflex threshol d.

Magni tude of reflex:- The magnitude of reflex refers to the

defl ection of the sound neter needl e of the inpedance instru-

ment by atleast one division, when a stinulus is presented.



REVI EW OF LI TERATURE

The Review of Literature for the present study deals with

two inportant research areas:-

1. Tests for susceptibility to Noise Induced Hearing Loss(N HL)

2. Studies using signal averaging technique.

There is no precise definition for susceptibility. It has
been described as a characteristic that determ nes relative

resistance of the: ear to both tenmporary and permanent change-

) fromlong or short exposure

b) at high or lowintensities

) to high or low frequency stinmulation

d) fromtones, noises or inpulses of any shape or spectrum and
e) that is relatively invariant for an individual throughout

his life span. (Ward, 1963).

Tests for detecting susceptibility of persons to Noise |Induced

Wearing Loss (NIHL):

Newby (1972) has classified the tests into three main groups.
(1) Tests based on Tenporary Threshold Shift (TTS) measures.
(2) Tests based on aural harnmonics distortion neasures.

(3) Oher tests with different rationale.

Tests based on TTS measures:- TTS is the nost popul ar measure of

NIHL. The test involves firstly, to determ ne the subjects



threshol d at sone frequency (usually around 4KHz). Thereafter
a fatiguing stinmulus either a pure tone or wi de band noise is
presented for a prescribed period of tinme. The threshold is
once again determned i medi ately after the cessation of the

fatiguing stimuli.

Prediction of suceptibility are nade on the basis of
ei ther the absolute threshold shift observed or in terns of the
time required for the threshold to return the nornal i.e. its
preexposure | evel. The person who denonstrates a | arge anount
of threshold shift or who requires a longer tine for his threshold
toreturn tonormal, is then presumed to be the nost susceptible
to permanent noi se induced hearing | oss. |If placed in a noisy
environnment. The Table-1 shows sone of the proposed tests and

their criteria.

Wlson's nodified test has a test frequency of 4KHz rather
than octave of 0.25 KHz and the duration of the fatiguing sti-

mulus is 5 mnutes rather than 8 m nut es.

Anmltifactor test was given by Vard (1963) whi ch invol ves
the determnation of the growth of TTS after two or nore val ues
of (1) exposure tine (2) recovery tine.(3) exposure frequency
(4) exposure SPL (5) test frequency (6) interruption rate (for
intermttent noise) (7) pulse repetition rate (for inpulses)

can also be included in the test.



Tabl e- 1:

Report Exposure Recovery Test
Stinmu- Level Dur a- (h%ﬂ?) Fregﬁgncy
| us (dB) tion
(KHz) (mn.)

1. Peyser(1940) 0.25 80( HL) 0.5 0.5 0.25
2. Wlson(1943) 0.25 80( HL) 5 1 Cct aves
of 0.25
3. Peyser(1943) 1 100( HL) 3 0.25 1
4. Theilgaard 0.5, 100( HL) 5 5 Hal f
(1949) 1, 2 Cct ave
4 above
exp.
5. Theil gaard 100 100( HL) 5 5 1.5
(1951)
6. Tanner (1955) 1 100( HL) 5 "1 medi - 1
atel y"
7. Theil gaard,
according tc
G ei sen 1.5 100( HL) 5 5 2
8. Wlson(1944) 2 80( HL) 8 1 oct aves
of 0.25
9. Harris(1954) 2 97 SPL 5 Par a- 4
nmet er
10. Pal va(1958) 2 30 SL 3 2 2
11. Van D shoek 2.5 100( HL) 3 0.25 al l
(1956) (sweep)
12. Geisen 3 80 & 5 5 4
(1951) 90( HL)
13. Jerger & 3 105 SPL 1 Par a- 4
Car har t met er
(1956)
14. Jerger & 3 100 SPL 1 par a- 4.5
Car har t met er
(1956)
15. Weel er Noi se 105 SPL 30 Par a- 2, 4, 6
(1950) met er



Tabl e-1 contd.

16. Gal | agher &
Goodwi n
(1952)

17. Rui di (1954)
18. Fal connet
et al (1955)

19. Chri sti ansen
(1956)

20, \ar d( 1967)

21. Harris(1967)

Noi se

Noi se

Noi se

Noi se

Noi se
0.7 -
5.6

Noi se
Noi se
Noi se

[EEG AN

115( HL)

Par a-
met er

100

SPL

105 ( HL)

120

SPL

(non-
aural )

110
110

SPL
SPL
SPL
SPL
SPL
SPL

10

10
5
25
1

"1 medi -
ately

Par a-
met er .

0.5, 15

NNNNN

10

2, 4, 6

o
o~
~—~+
o

N N N NN
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Kryter (1970) is of the opinion that the pure tone and
broad band noi se tests of TTS,, proposed by Ward (1967) and
Harris (1967), plus a TTS; test for inpul sive sounds woul d be
appropriate for evaluating possible, susceptibility to N HL.

It also seens logical to score these tests in terns of HL- plus
TTS, as an index of susceptibility. The test and retest results
shoul d be conbi ned to give better estimation of susceptibility.
The rationale for such atest, in general is based on the assunp-
tion that the ear nost susceptible to TTS, other things being
equal, is the nost likely to suffer sone pernmanent damage. In
general, while the relation betwen noi se exposure and TTS and
noi se exposure and pernmanent threshold shift may be simlar, it
has been difficult, to denonstrate that the person nost suscep-
tibleto TTSis |ike-wi se the nost susceptible to NNHL. Sone
possi bl e expl anations for this has been suggested by Kryter (1979).

(1) Susceptibility to TTSwithin individual froma given tone or
band of noise is not too highly correlated with the TTS found
fromexposure to a different tone or band of noi se Ward (1967)
nostly because the hearing level at different frequencies would
have as long as 35 dBrange in 'normals' (i.e. therangeis from

10 to 25 dB H. re. | 0)[Ward, 1967].

(2) The noise in industry may be but one of the noises to which
nmen are exposed to in their daily lives, thereby introducing sone

incertainity and variability in the data.
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However, not being able to prove a strong correl ation
between the results fromthe susceptibility tests and eventua
Nl HL, does not nean that some persons do not have ears that
are nore resistant to damage than others. Kryter (1970), Jerger
and Carhart (1956), Kryter (1960), studies give evidence for
t he provi sional acceptance of a relation between TTS and per na-

nent danage.

The general postul ate reached by Kryter et al., (1966)
after analysis of the available data is that the average per-
manent threshold shift (PTS resulting fromnearby daily expo-
sure, 8 hours per day for about 10 years, to a particul ar noi se,
Is approximately equal in dBto the average TTS, produced in

young nornal ears by an 8 hour exposure to sane noi se.

Tests based on Aural Harnonics: Lawence and Bl anchard (1954)

suggested a test based on Aural Harnonics with a predictive
value. This test attenpts to determne the mninumintensity
at which the response of the ear to a particular frequency be-
cones distorted or non-linear, and produces harnonics. It is
assuned that, at some point as intensity is increased the ear
wi Il be unable to respond wi thout distortion. This distortion
I's mani fested by the production of aural harnonics (multiples)

of the stimulating frequency.

When a 2nd tone which is alnost exactly tw ce the frequency

of the original tone, is presented to the ear, the aural harnonics
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are detected. If the harnonics is being generated within the
ear, the probe tone will interact with the aural harnonics to
produce t he sensation of beats. Wgel and Lane (1924) studied

the threshold of aural overload using best beat mnethod.

A ark and Bess (1969) reported the variation of the
nmet hod to determ ne t he presence of aural harnonics and
called it TOMtest (Threshold Cctave Masking test), where

t he tone-on-tone nmaski ng techni que was used.

The assunption behind this test being predictive of suscep-
tibility is that when an ear is driven into nonlinearity by
high intensity stimulus and this condition producing distortion
is allowed to persist for any considerable tine duration, a
breakdown in the auditory systemw ||l occur. The earlier non-
linearity occurs, the lower the intensity of the stimulus
required to produce breakdown in the auditory system Law ence
and Bl anchard (1954) assuned that subjecte- who have conparative
| ow threshol d of nonlinearity are therefore nore susceptible
to NNHL. These assunptions were confirmed by the | aboratory
experinents on guinea pigs. The aninmals that showed t he | owest
threshol ds of non-linearity sustained the greatest |osses after
exposure to noi se, those who showed t he hi ghest threshol ds of

overl oad, sustained | east | osses, follow ng exposure(Newby, 1972).
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The ear generates overtones call ed aural harnonics (AH
when t he nechani snms within the cochl ea (Wver and Law ence
1954) are forced to vibrate beyond their capacity for sinple
proporti onate responses. At the sane tine the fundanental
signal also causes the ear to |ose sensitivity for the higher
frequency. This reason aural harnonics are not heard as sepa-
rate perceptual entities at noderate signal intensities even
though their presence is detactabl e using special psychophysi cal

pr ocedur e.

The best beat nethod is the nost common of these proce-
dures. Wth this nethod* clinical investigators have neasured
the lowest intensity (in dBSL) of the pure tone Fo (f1) required
to mask the second aural harnonics just detactable. This
threshol d of distortion has been related to inner ear pathol ogy
(Lawence and Yantis (1956) to the estination of cochl ea reserve
in otosclerotic ears (Yantis and Magi el ski (1958)to the intelli-
gibility of speech in patients with sensory neural inpairment
(Yantis et al., 1966), and possibly even to the determnation of
susceptibility to acoustic trauma (Lawence and Bl anchard, 1954).
Inspite of its potential significance in hearing conservation
and t he di agnosti c eval uation of hearing disorders, otologists
and audi ol ogi sts do not utilize the best beat nethod as a regul ar
clinical tool. The neglect may be due to certain practical as

well as theoretical difficulties. One aspect of the latter is



t he probl emof masking at the octave interval and its conpli -

cating effect upon resultant nmeasurenents (Jagadi sh, 1980).

d ank (1967) using a different procedure has indicated
that the anplitude of aural harnonic is bel ow the perceptua
t hreshol d when the ear's distortion begins and grows at a rate
equal to or less than the nmasked threshold for intensities bel ow
70 dBSL. So the aural harnonic |evels by the best-beat nmethod
m ght be essentially equivalent to the nasked threshol d measured

in the inmmedi ate frequency vicinity of the aural harnonic.

Two separate experiments were carried out to test this
hypothesis. In the 1st experinent nornal ears were tested and
t hreshol d of nmasking and aural harnonic threshold | evels were
obtained. In the 2nd experinment the nasking threshold froma
group of sensory neural inpaired |istener, were conpared to the
aural harnoni c threshol d obtai ned by previous clinical investi-

gati ons using the best-beat nethod.

On the results of this experiment dark and Bess (1969)

concl uded the foll ow ng: -

In the first experinent, the threshold of nmaski ng was shown
to be equivalent to the aural harnonic threshold |l evel in norma
ears. The second experinent reveal s that even when the ear is
i npai red by sensory neural disease processes, the threshold of
making (TOM) is affected in the same way as the aural harnonics
threshold. Thus this gives proof that the best beat nethod and

t he t one- on-tone maski ng procedure measure t he same phenonenon.
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TOMtest was admnistered to nornmals and sensory neural
listeners by A sen and Berry (1979) at four test frequencies
viz. 500Hz, 1KHz, 2KHz, and 4KHz. The TOMval ue was found
to be universely proportional to the degree of hearing |oss
at the nmasker frequency results indicate that the TOMis
capabl e of distinguishing subjects with sensory neural involve-
ment fromthose with nornal hearing. Once the influence of
hearing loss is over conme at high intensities the sensory
neural ear perforns essentially the sane as the normal ear in

a tone-on-tone nasking test.

Gimmand Bess (1973) study has suggested that the TOM
test can be used as a substitute for measuring aural harnonic
thresholds. The results showthat the TOMtest can differen-
tiate subjects with cochlear involvenent fromnornal hearing
subjects at all three nasker frequencies (500Hz, | OOHz and
2000Hz). Alsothe test has ahigh test, retest reliability.

[11. Qher tests:- The applicability of the acoustic reflex

to evaluate an individual's ear Susceptibility was proposed

by Johonnsen et al., (1967). The subjects with | ow ART showed

a long tenporary |oss of hearing after exposure to noise. They
concl uded that people with good mddle ear refl exes had tougher

ears.

Hui zi ng (1949) reportedt hat subjectsw threcruitnent werenore

suscepti bl e to noi se induced hearing | oss then nornals.
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Hunmes and Bess (1978) have designed a test to examne the
I ndi vi dual differences anong\Various psychophysi cal neasure that
have been known as potential predictory of TTS and auditory fati -

gue. It is as follows: -

1. Aural overload test (Lawence and Bl anchard, 1954).
2. Loudness disconfort level (LDL) Hood (1968) has suggested
that LDL may be related to the anmount of post stinulatory

fatigue an individual incurs.

LDL was neasured at frequencies 500, 1000, 2000, and
4000Hz as recomrended by Mergen et al ., (1974).

Further TTS at 0.75 and 3 KHz was recorded fromO to 3
m nut es post exposure, following 3 mnutes exposure to 0.5 and

2000Hz pure tones at 100 dB SPL

3. The critical intensity (A) procedure was proposed by

Ruedi (1954) and | ater used by Ward (1968). The original C
test consisted of exposing the subject to a fatiguing stimulus
which increased in levels until a criterion anmount of TTS was
observed. The only tine internal between successive exposures
was that used for threshold determnation. No recovery period

was t hus enpl oyed.

A nodi fied procedure was used by Hunmes and Bess. They
determned the G at which maxinumTTS shifts upwards in
frequency fromthe exposure frequency to one half octave above

t he exposure frequency and they all owed a recovery peri od.
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To assess susceptibility to TTS they used broad band noi se and

pure tones of both high and | ow frequencies.

Their results suggest that both the test were sensitive
to detect individual difference in TTS and hence even in suscep-

tibility.

Must ai n and Schoeny (1980) conducted a study on 56 nor mal
subjects to explore psychoacoustic correlates of susceptibility

to auditory fatigue.

They used the following fatigue tests:-
1) A 3 m nutesexposure to a 110 dBSPL pure tone of 2000Hz. TTS

was neasured at 4 KHz. This was the high frequency test.

2) A 3 mnute exposure to a 115 dB SPL tone of 500Hz. Here TTS

was neasured at 1 KHz. This was the | owfrequency test.

Next, the amount of TTS and TTS recovery were conpared with
performance on a test battery consisting of -
a) A masking level difference test
b) Brief tone audionetry
c) Speech discrimnation in noise, and

d) Threshol d of octave masking test.

The results indicate a relationship between susceptibility
to auditory fatigue and TOM This is expected because of the
denonstrated correl ation between TOM test results and threshold

of aural overload and also in view of the relationship between
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aural overload and TTS. These have been denonstrated physi o-

| ogi cal | y and psychoacousti cal ly.

One study reported a negative correl ati on between TCM
test for a 4 KHz nasker and anount of TTS following a 5 mnute
exposure to broad band noise at 110 dB SPL(Humes et al ., 1978)
Their study al so suggested a rel ati onship between amount of TTS
and brief tone audionetry results. The inplication here is
that persons showing larger, TTS tend to have flattened threshol d

duration function for selected frequency.

Speech discrimnation and nasking level difference failed
to show any consistent relationship to any of the high or |ow
frequency test variables. The identification of psychoacoustic
tasks which correlate with susceptibility to TTS woul d be for

several reasons.

1. These psychoacoustic tasks coul d be used as new i ndi ces of
susceptibility to NNHL replacing traditional TTS based test.

2. |If several correlates could be identified they coul d be used
as test battery for susceptibility testing.

3. The identification of psychoacoustic correlates of TTS can
also give information on the areas of the auditory systeme

i nvol ved in the fatiguing process. Thus the site of |esion of
auditory fatigue can be deduced.

4. Atest battery conprised of psychoacoustic correl ates of

susceptibility to TTS may be useful in detecting mninmal auditory
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dysfunction. It is generally accepted that pure tone audi ogram

I's a poor indicator of the histological status of the auditory
system especially the cochlea. As in other auditory pathol ogy

t he eventual damage shows in a pure tone hearing |oss (Hawkin, 1973)
If auditory pathology is to be detected before irrepairabl e damage
results then newtests which are sensitive to subtle dysfunction
have to be used. |Indices of susceptibility to auditory fatigue
can be considered nore discrimnating neasure than are pure tone
threshold. This is because persons with identical thresholds

show different anmounts of TTS following simlar periods of expo-

sure.

Ward (1963) is of the opinion that there may never be a single
i ndex for universal susceptibility. For such an index to be
accepted there shoul d be high correlation of (1) TTS at two diffe-
rent recovery tinmes. (2) TTS at one frequency and that at anot her.

(3) TTS produced by inpul se and that produced by noi se etc.

It is seen that often there exist a correlation which are

general |y not hi gh.

Ward (1965) conducted a study to reviewthe concept of suscep-
tibility to hearing |oss follow ng continuous exposure and con-
cluded that susceptibility is nornally distributed. Bi shnoi(1975)
studied the distribution pattern of susceptibility to NNHL in
| ndi an popul ation. He used WIlson's test to determ ne the degree

of susceptibility.
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Studi es using signal averagi ng techni que:

The application of signal averagi ng technique in the study
of acoustic reflex is quite recent. The need for signal averag-
I ng was not apparent to investigators concerned with its clinical
application "because of its robust nature". Earlier the instru-
ments used for the neasurenent of the acoustic reflex threshold
achi eved adequate signal/noise resolution by relatively narrow
band pass filtering of the probe tone. As nore sophisticated
application for the acoustic reflex were proposed, it becane
apparent that potentially valuable infornation coul d be obtai ned
fromcareful examnation of tenporal characteristics of the
refl ex such as latency (Borg, (1982)clems, Sarno, (1980); Jerger
and Hayes (1983); Manghan et al., (1980), Norris et al., (1974);
Rut h and N swander, (1976). Onset risetime (Grga et al., (1974)
Laaski nen, Roose (1974); and MIler (1974), offset decay charac-
teristics (Letien and Bess, (1975); Norris, (1975), stel machow cz
and Tayl or (1974). (Stach and Jerger 1984}

"“In this context, however, the narrow band filtering used
to mnimze background noi se | evel sacrificed tenporal resol u-
tion to an undesirabl e degree (dems and Sarno, 1980; etc)"

(stach and Jerger, 1984).

dinical investigations has also revealed that potentially

val uabl e diagnostic information lay in the relations anong
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acoustic reflex threshold for signals of varying frequency and
band wi dth. Threshold differences of alittle as 2 or 3 dB

were of potential clinical significance. (Hall and Bl eakney,
1981? Jerger and Maul din and Crunp, 1974; Margolis and Fox, 1977,
(stach and Jerger, 1984).

These two devel opnents. i.e. the need for better tenpora
resolution and the need for nore accurate threshol d delineation
provide a rationale for the use of signal averagi ng techni que
i a the neasurenent of acoustic reflex threshold. Thus the main
advant age of this technique according to stach and Jerger is that
"It makes it possible to achi eve adequat e signal/noi se resol ution
wi thout the need for narrow band filtering of the probe tone and
its subsequent tenporal distortion of wave formnorphol ogy. Al so,
avar agi ng techni que provi des a nore preci se definition of ART
| evel s by enchancing signal definition against the noise background

characterizing a threshold regi on".

The signal averagi ng techni que has been used by Stach and
Jerger 1984 to study the threshold and suprathreshol d charact e-
ristics of the acoustic reflex. Their results indicate that
(1) "Many supposed reflex threshold and | atency aberration are
actual |y anplitude abberation that are inappropriately classified
because of instrumentation constraint (2) reflex anplitude and
wavef or m nmor phol ogy can be recorded with appropriate fidelity

usi ng a signal averagi ng techni que. (3) problens due to absol ute
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anplitude variability can be mnimzed by using an index tech-
ni que to assess anplitude relationships (4) anplitude indices
are sensitive indicators of neural pathology (5) signal averag-
ing and suprathreshol d neasurenment of reflex anplitude and wave
f or m nor phol ogy prom se to enhance the sensitivity of acoustic

refl ex nmeasurement”

The benefit which has been obtained fromthe use of signal
averagi ng has given a nmuch w der understanding on t he nature of
pat hol ogi cal effects on the acoustic reflex |atency and threshol d
alterations can no |onger be thought of as resulting from patho-
| ogy, alone, but may instead be effects that occur secondarily
as a result of anplitude or norphol ogi cal changes (stach and

Jerger, 1984).

Jerger, Muldin, Lews (1977) studied the interaction of
signal intensity”signal duration in normal |isteners, at visual
detection threshold (VDT). The signal averaging techni que was
used. They found that reflex anplitude increases with signal
Intensity at a rate which changes as a function of signal dura-
tion. This findingconplicatedthe interpretation of tenporal

summati on data based on VDT.

I n anot her study measurenent of the threshold and growth
function of the acoustic reflex in man were nmade using the
signal averaging technique. They used pure tones 250, 500, 1000,

2000 and 4000Hz and Broad Band Noi se was t he contral at er al
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stimuli. They varied the intensity level fromreflex threshold
to 116 dB SPL. The acousti c conductance and susceptance conpo-
nents of admttance, at 220 and 660 Hz were used to neasure the
reflex activity. They reported their results as changes in con-
duct ance, susceptance and admttance in c¢cg . The ART were
found to be simlar to those reported in other studies. The
220 Hz probe resulted in thresholds that averaged 3.5 dB hi gher
t han those obtained with the 660Hz probe t he broad band noi se
and | OO0OHz stimuli produced the | ongest reflex nmagnitudes, while
t he smal | est were observed with 250-4000Hz signals. The dynamc
ranges of the restricted growth functi ons were frequency depen-
dent for pure tones and ranged from >16dB at 250 Hz to >28 dB at
| OOOHz, whil e that for noi se was >50 dB. (WIson and McBri de, 1978)

Hal | (1982) studied the efrect of age and sex on AR anplitude
controlling for hearing sensitivity, ear canal volune, static
conpliance and mnor mddl e ear dysfunction. He used 92 subjects
age rangi ng from20-80 years 45 nales and 47 fermales. He found
that age influenced acoustic reflex anplitude i.e. as age increases
anpl i tude decreases. This is in/with Gersdorff's(1978) findi ng.

He found maxi numrefl ex anplitude over the range of 20-80 years
whi ch decreased by 56%on an average. Al though both contra and
I psilateral reflexes were equally affected the age rel ated anpli -
t ude changes were usually nore in contral ateral neasurenents. In
young subject, theratio of contra to ipsilateral nmaxi numreflex
anpl i tude was approximately 1:40. Conparatively |arger uncrossed

reflex anplitude is seen in younger groups.
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He al so found a distinct interaction between age and sex.
I n young subjects (20-30 years) there was no significant diffe-
rence inreflex anplitudes in femal es vs nmal es, except with
respect to noise signal. In the 60-80 years age group, contra
and ipsilateral anplitude, was significantly larger in fenal es
than in males for all signals. |In younger group, maxi numanpli-
tude in nmal es was approxi mately 80%of the anplitude in fenales,
while in the ol der group, nmaxi nrumanplitude in nmales was only

64%of femal e anplitude.

In another study in 1982 Hall, neasured the contral at eral
and ipsilateral acoustic reflex anplitude in 99 adults. The
sane signal averaging appratus was used. He found that m nor
unsuscepcted mddl e ear dysfunction profoundly influenced acoustic
reflex anplitude. Reflex anplitude in subjects with mnor inpe-
dance abnormality was, on the average, reduced by 68%conpared
to amatched control group. There was a conplex relationship
bet ween age, sensorineural |oss, signal band w dth and acoustic
reflex anplitude. Sensorineural hearing loss differentially

I nfl uenced acoustic reflex anplitude for young vs ol der subjects.

Jerger et al., (1978)tested 26 subjects with normal hearing
bilaterally to study the acoustic reflex anplitude in ears with
nornmal hearing. They used subjects with age range from 20-52 years.
They measured refl ex using signal averaging techni que. Four
reflexes were elicited two contralateral and two ipsilateral over

the intensity range of 60-110 dB SPL . Their results showed t hat
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ipsilateral reflex anplitude is slightly greater than the contra-
|ateral reflex anplitude both for 1KHz and broad band noi se.

This is in agreenent with MIler (1961, 1964) and Borg (1968,
1972, 1973) findings. secondly, they found anplitude of the
broad band noise reflex is greater than that of the 1KHz refl ex.
And lastly, the reflex anplitude grows as a nonotoni c function

of signal level (Jerger et al., 1978).

Moreover, in these nornal ears, the shape of the anplitude
function is signoidal, not unlike the integral of the nornal
probability density function. As signal |evel decreases, each
anpl i tude function shows a gradual 'tailing out', bel ow 90 dBSPL
for the | O0OOH tone and bel ow 80 dBSPL for the broad band noi se.
Only a sensitive instrunentation can expose this (Jerger etal.,

1978).

In this study there were 15 subjects who showed aberrant
pattern. These patterns were of two kinds, either ear symretry
of all reflex anplitudes, or inter-ear reversal in the expected
i psilateral -contralateral relationship was seen. They specul ate
that these aberrationsmay be due to mnor mddl e ear dysfunction.
They suggest that these subtle mddle ear disorder is not suffi-
cient to elevate either audionetric or reflex threshold, hut only

effects reflex anplitudes at high | evels.

To denonstrate that such subtle effects can nodify the

reflex anplitude they tested three normal subjects while varying



27

air pressure in the external auditory neatus. signal |eve

was hel d constant at 100 dB SPL. For all conditions results
were given as reflex anplitude in percent relative to reflex
anplitude for that condition at O nmof water. Except for a
slight enhancenent at -50 mmof water the effect of either
positive or negative pressure is to produce reduction in reflex
anplitude. 1In the contralateral condition thereis a "pure
effect” of negative pressure on transm ssion efficiency since

t he probe ear has not been altered. The 1KHz pure tone reflex
anplitude is uniformy nore affected than the broad band noi se

refl ex anplitude.

In ipsilateral condition they found a conbi ned effect of
reduced sound transmssion and reduced effectiveness of stapedi us
nmuscl e contraction. Reflex anplitudes were | ower, but the
differential effect on tong and noi se remains. Thus, they con-
cluded that even a very mnute change in mddle ear status can

eause a reduction in reflex anplitudes at high signal |evels.

Jerger et al., (1978)also studied the effect of sensori -
neural |oss an acoustic reflex anplitude using signal averaging tech
nique. They tested 21 ears of 13 patients with relatively flat
audi ometric configuration. They expected superiority of ipsi-
|ateral to contralateral reflexes appenmrc and t he noi se refl ex
anplitude to be larger than the tone reflex anplitude, but this
difference is greatly reduced. Further, the absolute size of
all reflexes is sonewhat snaller than in nornmal groups at conpa-

rabl e signal |evels.
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The nost striking difference between norrmal and fl at
sensorineural cases, is the change in the shape of the reflex
anplitude function. The general signoidal shape and especially
the "tail" at lowintensity levels is absent in sensorineural
group. Instead they show al nost |inear function for both tone
and noi se reflex activity stimuli, Where as the normal group
showed a substantial advantage for noise in the"tail" region.
Wil e the noise tone difference is snmaller in the sensorineura
than in the nornal at all levels, the effect is nore obvious
at low signal levels which is closeto reflex threshold. This
finding is contradicting the possibility that suprathreshold
i ndi ces of reflex anplitude may yield nore accurate predictions
of sensorineural hearing | oss than prediction based on threshold

di f f erences.

Ef fect of the degree of hearing | oss on reflex anplitude
was al so studied by Jerger et al., (1978) using signal/averaging.
They regrouped t he 51 sensorineural cases according to pure-tone
average. Al degrees of hearing | oss show about the sane reduc-
tionin reflex anplitude. Even the relation between degree of

| oss and broad band noi se refl ex anplitude show no correl ation.

| nvestigators have shown that only acoustic reflex anpli-
tude is affected by retrocochl ear dysfunction and theot her con-
ventional |y measured threshol ds are uneffected. (Borg, 1973,'36,
Colletli, 1975). Using anplitude characteristics various audi -
tory disorders can be identified. Hayer, Jerger (1982) wanted

to evaluate the diagnostic significance of suprathreshold
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acoustic reflex, anplitude characteristics. They enpl oyed

si nul t aneous neasurenent of the crossed and uncrossed acoustic
reflex and a signal averaging technique. They canme to a

mat hemat i cal nodel based on known afferent, efferent and
central pathway effects by which they are able to conpare
results froma variety of patients and to nmake di agnostic

i nterpretation.

Tenporal aspects of the acoustic reflex response were
estimated for 3 groups of subjects viz. normal hearing subjects,
subjects with NIHL and children with sensorineural |oss. They
nmeasured onset |atency and rise/fall tinmes of adm ttance changes
usi ng averaged responses. The/stimlus was tone bursts of
250 nmsec, duration and 10ns. rise/fall time. Frequency was

varied from500Hz to 4KHz.

No di fferences between groups were observed for onset
responses. Subjects with NIHL showed slightly |onger offset
responses but children with sensorineural |oss showed | ongest
of fset response. Thus acoustic reflex offset |atency may be

a useful screening device.

Draf and Leitnman (1972) opine that only by using conputer
averagi ng of the reflex response, can the neasurable threshold

of reflex activity be |owered by 10-15 dB(Sesterhenn and

Br euni nger 1976) .
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Jerger, Burney and their associates found that signa
aver agi ng procedure produced slight threshold | evel s, but
did not effect a noticeable change in its predictive accuracy

of hearing | oss.
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METHODALOGY

SUBJECTS:

16 nornal hearing subjects in the age range of 18-22 years
were selected for the study. They were divided into 3 groups.
They were randomy selected fromthe student popul ation of All

India Institute of Speech and Heari ng.

A subject was selected after he/she fulfilled the follow ng
criteria:-
1. He/ she had no otol ogi c probl ens such as ear di scharge, tinnitus
earache, or any other otol ogi c probl embefore or during the

t esting.

2. Hel/ she has a normal reflex threshol d.

3. He/she could tolerate 100 dB tone for 1 mnute or 2 m nutes

duration w t hout any conpl ai nt of headache or gi ddi ness.

4. He/she had hearing within normal limts.
EQU PMVENT:

1. The Madsen ZO 174 I mmttance Audi oneter with TDH 39 ear phones.
2. A Madsen E ectronics Portabl e | npedance Audi oneter ZS 77-MB
wi th TDH 39P ear phones.
3. A stop wat ch.
Brief description of the Madsen ZO 174.
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| nst runent ati on:

The Madsen ZO 174 I mmttance Audi oneter was used to neasure
the averaged reflex threshold. It is a conputerized instrunent
whi ch uses m croprocessor technology to provide a very versatile

nmeasur ement system

It has the follow ng features:
1. Calibration data are stored without requiring battery back up,
and cal i bration can be perforned by the user.
2. Inspilateral stimulus calibration can be automatically adj usted
to conpensate for different ear canal vol unes.
3. The ZO 174 is a nodul ar systemwhi ch includes the i mmttance
audi oneter, with optional Monitor and Printer. The systemcan be
arranged in various physical configurations for the conveni ence of
t he ear.
4. It features manual and autonati c operation nodes. |In the auto-
nmati ¢ nodes, rapid autonmatic tynpanograns and AR can be obt ai ned.
Refi ned manual testing can be done to take a "closer | ook" at tynpa-
nogramor reflex information.
5. The user is continually aware of the operation made by screen
pronpts on the nonitor, and the node infornation is retained on
the print out.
6. Three probe tone frequencies are standard on the ZO 174; 226
and 1000 and either 660 or 800Hz. The hi gher frequencies enable
t he neasurenent of tynpanogramand contralateral ARin adults and
new borns when hi gh frequency probe tones nmay yield nore inforna-

tion than the traditionally | ow frequency probe tone.
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7. Acoustic reflex stimuli include pure tones, pulsed pure tones,
click trains and broad band noise. There is also an externa

I nput avail able for contralateral reflex stimulus.

8. Dual stimuli can be presented either bilaterally or through
the stimulus earphone. This nmakes it passible to measure the
sensitization effect of a pre-activating signal on the acoustic
refl ex threshol d.

9. In the Tynpanogram and Reflex (T & R node (wth probe tone

of 226Hz only), the Z0-174 will seek and record the contra or

| psilateral acoustic reflex thresholds at 500 to 4000Hz.

10. In the Expanded Refl ex (ER node at 226Hz probe tone, the

ZO 174 will record contralateral or ipsilateral acoustic reflexes
at 2 selectable frequencies on a 2 second tine scal e.

11. The Average (Avg) node uses the capabilities of the ZO 174

m croprocessor to average multiple presentations of acoustic
reflex elicitation on a two secona tine scale. Averaged reflexes
reduce the effects of noi se and novenent artifacts.

12. The Decay node provides for the recording of contral atera

or Ipsilateral acoustic reflex decay on a 12 second time scale.
13. In all nodes, acquired results can be reviewed on t he nonitor
before printing. |f some of the acquired results need to be
repeated, this can be done before printing. Any of the nodes
can be interrupted with the STOP/ RESET feat ure.

14. A serial interface to conputer is an option, permtting storage

of results and/or renote control of the ZO 174.
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CAL| BRATI O\

Contral ateral stimulus calibration -

The ear phone TDH 39 delivers the stinmulus for contral ateral
refl exes. The pure tone was calibrated in dBH. (re. ANSl, 1969)
using a standard 9A coupl er and precision sound |evel nmeter with
an octave filter. 90 dBHL was used as the calibrating | evel so
t hat anbi ent noi se has | ess effect on the accuracy of the read-
ings Next, 'calibrate node' is selected and dB wi ndow showed
90 dB. The appropriate SPL readi ngs were got by using the foll ow

ing correction factors for HL.

500 Hz add 11.5
1000 Hz add 7.0
2000 Hz add 7.0
4000 Hz add 9.5
6000 Hz add 15.5
8000 Hz add 13.0

TONE CONTRA:

The ZO 174 is is kept in calibrate node', then frequency button
WAS pressed for the frequency to be calibrated. Contra |evel
buttons are used to set SPL on the sound level neter to match

the 90 dB HL showing in the dB displ ay.
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TEST ENVI RONVENT:

The average refl ex neasurenents was carried out in a one
roomsituation of a sound treated room The audi ol ogi cal
eval uation was done in a two roomsituation of a sound treated

room

The magni t ude neasurenents were carried out in a quiet

roomonly instruction given to each subject was "pl ease sit

still and do not swallow'.
PROCEDURE:
Experiment-1: To neasure the averaged reflex threshold of the

right ear before and after 1 mnute or 2 m nute continuous

stimul ati on.

Subj ects were divided into 3 groups G oup-1 consisted of 7 subjects
who were exposed to a 1KHz tone for 1 mnute at 100 dB HL.

QG oup-11 consisted of 5 subjects. They were exposed to a 2KHz
tone for 1 mnute at 100 dB HL.

QGoup-111 consisted of 5 subjects, who were exposed to a 1KHz tone

for 2 mnutes at 100 dBHL.

1. The immttance audi oneter was calibrated according to instruc-

tions i n the manual .

2. The probe was placed in the right ear and t he phone on the

| eft ear.
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3. Air tight seal was ensured before further neasurenments were
carried out.
4. The frequency sel ector was pressed and 1 KHz was sel ect ed.
5. The intensity selector was pressed to and a 100 dB HL tone
was presented to get a recordable reflex curve.
6. The 'R &T selector was pressed and a#hJV t he t ynpanogram
and refl exes appeared on the screen.
7. The 'AVG selectors was pressed, follow ng which the 'Auto
start' was pressed.
8. After 2 averaged refl exesaare traced the CONT button was
pressed until 10 refl exes were averaged.
9. The anplitude of reflex was traced.
10. Next, a continuous tone of 10 dB HL was presented t hrough
t he earphones. Sinmultaneously a stop watch was started.
After a mnute the tone was stopped by pressing "Stop Reset".
11. Inmmediately, the 'AVS button was pressed and agai n 10 average
refl ex were recorded. The anplitude of the reflex was again

traced by a dotted I|ine.

eg: -

po s e S >Before

In a simlar manner the average refl ex nagni tudes were got

for the 3 groups of subjects.
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Experinment-11: To find the magnitude of reflex at threshold and

10 dBSL (Ref. ART) usiag the Madsen | npedance Audi oneter ZS 77-MB

The sane three groups of subjects were tested in the right

ear.
PROCEDURE:

Cal i bration check (as per the manual instructions).

Manoneter Zero - To zero the nononeter the air rel ease
button was depressed and t he manoneter adjust control was re-set

on the rear panel. The instrunent had to be warnmed up for 10

m nut es.

Step by step Procedure:

1. The earphones was placed on the left ear and probe in the
right ear with a suitable probe tip.

2. An air tight seal was obtained.

3. Pressure was varied from+200 to -200 mmof water and t he
poi nt of maxi mum conpl i ance was taken as the mddl e ear
pressure.

4. Keeping the ear under mddl e ear pressure the "Refl ex" button
was depressed.

5. The out put selector was kept at position 'C (contralateral).

6. The magnitude (in terns of nunber of divisions) was noted

down.
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7. Frequency selected was 500 Hz and the mninmumintensity to
produce a mni mum deflection. of '"1' division in the
bal ance neter was determned This level is considered as
ART. The nmagni tude of defl ecti onwas noted down.

8. After determning the ART (the mninumintensity |evel
required to produce a deflection of "1' division or nore
In the Bal ance neter (BV and after noting down t he actual
defl ection, the magnitude of reflex (i.e. the deflection
of BMneedl e) was noted down at 5 dBSL and 10 dBSL (ref. ART).

9. UWsing the above procedures, the nagnitude of reflex at
5 dBSL and 10 dBSL was determ ned for the frequencies:
1KHz and 2KHz.
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9.

20174 KEY NUMBERING SYSTEM




Control /1 ndi cat or
(1) ON
(2) Frequency

Hz
(3) Level
dB
(4) (5 (6) (7) (8)
been sel ected.
(4) TONE
(5) PULSI NG
(6) CLICKS
(7) NO SE
(8) AUX. | NPUT.
(9) Select
(10) Ext. Range
(11) 1 dB
(12) LEVEL
(13) FREQ
( Frequency)
(14) | NTEREPTER
(15) FAST RI SE AND DECAY
(16) LOCK
(17) ON
(18) Frequency
Hz
(19) Level
dB
(20) (21) (22) (23) - Indicate which IPSI

sel ect ed.

- indicate which contra stinmulus has

stimul us has been



(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(36)
(37)
(38)
(39)
(40)
(41)
(43)

(44)

(45)

(46)
(47)

TONE

TDM (Time Division Miltiplex)

CLI CKS
TONE CONTRA
SELECT

1 dB

OPTI ON
LEVEL

FREQ Fr equency)

| NTERRUPTER

LEAK
PRESSURE

(33) (34) (35) - Indicate punp speed

Punp speed
Al R RELEASE
EXT RANGE

Red |ight bar indicator for position of punp.

Manual punp control

(42) - Change air pressure

PRESSURE

DA TAL D SPLAY

GRADI ENT

DI G TAL D SPLAY

STATI C COVPLI ANCE
DA TAL DI SPLAY

N
DPM Di gi t al

Pressure Meter)
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(48)
(49)
(52)
(53)
(55)
(56)
(57)

COWPLI ANCE METER

(50) (51) - Selected sensitivity for tynpanonetry

TYMP

(54) - Sensitivity for reflex
REFLEX

PONER

COVPLI ANCE
DA TAL DI SPLAY

(58)(59) (60) - Probe tone in used

(61)

PROBE TONE

(62) T&R (Tynpanonetry and Refl ex)

(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(71)
(72)
(73)
(74)

E R (Expanded refl ex)
AVG (Aver agi ng)

DECAY

PRI NT

AUTO START

STOP/ RESET

CONT( Cont i nue)

ERASE

DATA XM T

Control s power

Sets zero on the manoneter.

Sl ow fast switch provi des danping of the system
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RESULTS AND DI SQUSSI ON

Tabl e-1 shows the nagni tude of averaged reflex before and
after continuous auditory stinulation using 1KHz tone at 100 dBHL
for one mnute duration. The last colum shows the change (i.e.
decrease) in nmagnitude after continuous stinulation. The results
show that four out of the seven subjects show a change in nmagni -

tude. Three subjects did not show any change.

Tabl e—2 shows t he magni tude (anplitude) of the averaged
refl ex of subjects before and after continuous stimulation by
a 2KHz tone at 100 dBHL for a duration of one mnute. Fromthe
col um showi ng the difference between the nagnitude it is obvious
that four subjects out of the five subjects show a decrease in

magni tude fol Il owi ng conti nuous auditory stimulation.

Tabl e-3 shows the magni tude of averaged reflex before and
after continuous stinmulation by a tone with the follow ng
physi cal paranmeters. Frequency of 1KHz and intensity of 100 dBHL
for aduration of 2 mnutes. The readings in the last colum
show that two subjects out of five subjects show a change in nagni -

tude after continuous auditory stinulation.

The above nentioned Tabl es show t hat averaged refl ex does
not vary with the nunber of presentation of the stimulus before
continuous auditory stinmulation. But it does change after con-

tinuous auditory stimulation.
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It can also be inferred that the subjects tested, reacted
differently to continuous auditory stimulation. For a stinmulus
with particul ar physical paraneters there are individual diffe-
rences with regard to the change in nmagnitude. D fferent physica
paraneters of the stimuli bring about change in nmagnitude of
reflex in different subjects. Simlarly, there are individual

differences in the response of the ears to noi se.

In Table-4, 5, 6, the magnitudes of reflex for the sane 17
subj ects are tabul ated. The test frequenci es were 500Hz, | 000Hz
and 2000Hz. The magni tude was nmeasured in terns of the deflec-

tion of thebal ance neter needl e of the Madsen | npedance Audi onet er

The magni tude of each frequency is the difference between
t he magni tude of reflex obtained at 10 dBSL and t he nagni t ude

of reflex obtained at threshold | evel.

Tabl e-4 gi ves the nmagnitude of reflex of the subjects of
G oup-1. The averaged magnitude of the 3 test frequencies are
cal cul ated. Three subjects out of the seven subjects show a

| ar ge(aver aged) nagni t ude of refl ex.

Tabl e-5 shows the nmagnitude of reflex for the three frequen-
cies of reflex for the three frequencies for the subjects of
G oup-2. Conparing the averaged nagni tudes of the 3 test frequen-
cies it is clear that 2 subjects out of three subjects show a

| arge (averaged) nagnitude of refl ex.
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Tabl e-6 shows the magnitude of reflex for the three test
frequencies for the subjects in Goup-3. The subject No.l
only showed a conparitively | arge nmagni tude, the other four

subj ects showed | ess nagni t ude.

Zachari ah' s(1980) study has indicated that greater nagni-
tude of reflex is an indicator of susceptibility to NIHL. Her
study has been further supported by Jagadish (1982). 1In the
present study it was attenpted to find whether the subjects who
exbi bit greater nmagnitude of reflex woul d show a change in the
magni tude of reflex after the ear is continuously stimlated.

It was found that only one subjects denonstrated the expected

rel ation.

Since the size of the sanple tested in the present study
is small, it is difficult to draw a conclusion regarding the
rel ati onshi p between greater nagni tude of reflex and a change

in the magni tude of reflex after continuous auditory stimnulation.

Fromthe Tables-1, 2, 3 it is clear that the mgjority of the
subj ects show a change in the nagnitude of reflex after the ear
I f continuously stinmulated using 2 KHz tone at 100 dBHL for one
m nute. Hence, 2KHz tone at 100 dBHL for 1 m nute conti nuous
exposure, appears to reflect the individual differences nore
effectively than the other stinulus paraneters which have been

used in the present study.
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Tabl e-1: Showi ng t he magni tude of averaged reflex threshold

(in cm before ana after continuous stinulation using

1KHz t one at 100 dBHL for 1 m nute.

Subj ect s Bef ore After D fference

stimul ation stimulation In cm

1 0.5 0.5 -

2 2.3 1.8 0.5

3 0.8 0.8 -

4 0.4 0.4 -

5 0.6 0.2 0.4

6 0.6 0.2 0.4

7 0.8 0.7 0.1




Tabl e- 2:

reflex threshold

before and after conti nuous stinulation of a 2KHz

tone of 100 dBHL for 1 minute (in cm.

Subj ect s St iBerrLIO;'?i on Sti 'rA\rfu} gtri on o Efr]e(r:ﬁqnce
1 1.7 1.7 -
2 1.9 1.3 0.6
3 1.8 1.5 0.3
4 1.6 1,2 0.4
5 1.0 0.3 0.2
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Tabl e-3: Showi ng the magni tude of averaged refl ex
threshold (in cn) before and after conti nuous

stimulation by a 1KHz of 100 dBHL for 1 m nute.

Subj ect Sti rEr)ueIf gtr ieon Sti ﬁfu} g[i on o Heérennce
1 1.8 1.6 0.2
2 1.1 0.9 0.2
3 1.0 1.0 .
4 15 15 -




Tabl e-4; Showi ng t he nagnitude of reflex 10 dBSL - Threshol d.

Subj ect s 500Hz 1KHz 2KHz Aver age
1 2.0 15 1.0 15
? 2.5 3.0 4.0 3.2
3 3.0 4.5 5.0 4.2
4 4.5 50 5.5 5.0
5 2.5 15 2.1 4.0
6 4.0 2.5 4.0 3.5




Tabl e-5: Showi ng the nmagnitude of reflex 10 dBSL - Threshol d

Subj ect 500 Hz 1KHz 2KHz Aver age
1 5.0 55 55 5.3
2 5.5 1.0 4.5 3.7
3 2.5 2.5 1.5 2.1
4 50 3.5 50 4.5
5 1.0 1.0 1.0 1.0

Tabl e-6: Showi ng the magnitude of reflex 10 dBSL - Threshol d

Subj ect s 500 Hz 1KHz 2KHz Aver age

1 2.0 2.5 4.5 3.0
2 2.0 2.5 3.5 2.7
3 2.0 2.0 2.0 2.0
4 2.0 1.5 1.5 1.6
5 1.5 2.0 1.5 1.7




51

SUMWARY AND CONCLUSI ONS

Cont i nuous exposure to noi se has many auditory and non-
auditory effects on man. The auditory effect is a pernanent
hearing | oss. But there are individual differences in the
effect of noi se or hearing. Research has shown that there are
"tough' ears and 'tender' ears. That is there are ears which
are susceptible to noise induced hearing | oss and sone ears

whi ch are not susceptible to N HL.

It is,therefore necessary to identify individuals who are
susceptible to noi se i nduced hearing | oss, and protect them
fromthe noise in their environnent. To do this* we should have
atest or atest battery which will give an index of suscepti -

bility.

Most tests use the rationale that TTS is a predictor of
susceptibility to NNHL. These tests assune that subjects who
exhibit nore TTS may be consi dered suscepti bl e and those subjects
who exhibit less TTS for the sane stinmulus are not susceptible.

(Ward, 1967, Harris, 1967).

Gimand Bess (1973) gave the test of threshold of octave
masking (TOVM) as a test for susceptibility. Hunmes (1977) suggested
the use of a test battery to predict susceptibility. It consisted

of the follow ngttests.
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1) The aural overload test.

3) Thecritical intensity (nodified) procedure.

4

)

2) The threshold of octave masking test.
)
) Word discrimnation score in noise.

Many researchers have reported the effect of acoustic reflex
on TTS (Borg, 1968, Brashner, 1969, Coles, 1969). This relation
exi sts because the acoustic reflex attenuates |ow frequency
sounds. As TTS depends on the intensity reaching the cochl ea,
the attenuation of the intensity due to the acoustic reflex

w |l reduce TTS.

A relation between the acoustic reflex and susceptibility

to NIHL al so exists (Johansson et al., 1961, Myakita et al., 1978).

Zachariah (1980) has found that subjects who have (1) |ow
acoustic reflex and (2) |arge magnitude of reflex are susceptible

to NI HL.

Kamakshi (1980) Concluded fromher study that fatigability
of reflex is related to TTS. Thus, another predictor of suscep-
tibility is fatigability ofreflex. This is in agreenent with

Ni | ason et al ., (1980) study.

Jagadi sh (1982) studied the relation between TOM and acoustic
reflex threshold. He opines that there is a positive correlation
bet ween ART and TOM (which is frequency dependent). Further, the
subjects showing |low ART and [ow TOM (i.e. susceptible individuals)

yield | arge magni tude of reflex.
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The present study was undertaken to find out

If subjects who exhibit a change in the magnitude of averaged
reflex after continuous auditory stinulation be considered
suscepti bl e to noise induced hearing | oss.

Does the anplitude (magnitude) of averaged reflex vary with

t he nunber of presentations of the stinmulus before the ear

of the stinulated.

Does t he anplitude of averaged reflex vary with the nunber

of presentations of the stimulus after the ear is continuously
stinulated with an auditory stinulus?

What is the m ninumduration of the continuous auditory signal,
whi ch brings about a change in the magnitude of the averaged
refl ex?

What are the physical paraneters of the continuous auditory
stinmulus (such as frequency and intensity) which produce a
change in the magnitude of averaged reflex?

Are there individual differences in the effect of continuous

auditory stinulation on the magnitude of the averaged refl ex?

The study was carried out in 2 experinments.

Experiment-1:

The effect of continuous auditory stinulation on the averaged

refuse t hreshol d.

The subjects were divided into 3 groups, each group exposed

to continuous stinulus of different physical parameters. G oup-1

consi sted of 7 subjects, Goup-11 and |1l consisted of 5 subjects

each.
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Subj ects were 16 adult nornals with no otologic and hearing
problens. They were tested in a sound treated room The averaged
acoustic reflex was measured using the Madsen ZO 174 Immttance
audi oneter. This instrument has a special feature of giving

aver aged ref| ex.

Procedure: The right ear of the subject was selected as the probe
ear. Only instruction given was - "Please be seated still and do

not swal |l ow'.

Next, the 10 averaged reflex was recorded for the frequency
1KHz at ART. The reflex magni tude was neasured in cm The ear
was then exposed to a continuous stimulus of 1KHz at 100 dBH. for
1 mnute. Follow ng which 10 averaged refl exes were once agai n
recorded and magni tude neasured. The Readi ngs were tabul ated and

the difference between the two neasurenents was al so tabul at ed.

In a simlar manner the difference in nagnitude of averaged
refl ex was neasured after continuous stinmulation for the G oup-2
and 3. The stinulus paranmeters used were 1KHz tone of 100 dBHL
far 2 mnutes duration; and a 2KHz tone of 100 dBHL for 1 mnute

dur ati on.

Experinment-11:

To neasure the nagni tude of acoustic reflex at reflex theshol d
and 10 dBSL (ref: ART) using Madsen (H ectronics) |npedance Audi o-

et er.
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The same subjects of Experinment-1 were tested for the

magni tude of reflex.
They were tested after a mninuminterval of one day.

Procedure: The subjects were seated in a first roomand given

the instruction "Please be seated still and do not swall ow'.

The right ear was the probe ear and the left ear was the
phone ear. After ensuring an air tight seal the follow ng steps
were followed:

1) The m ddl e ear pressure was determned and keeping this
presence contral ateral reflex measurements were carried out.

2) The frequency 500Hz was selected and reflex threshold was
det er m ned.

3) The magnitude of deflection in the bal ance meter was not ed.
4) The intensity was raised to 10 dBSL (ref. ART) and the magni -
tude of deflection was noted down. The difference between

the two magnitudes was tabul ated.
5 Simlarly the magnitude of reflex at 10 dBSL was measured for

1KHz and 2KHz. The averaged magni tude was tabul at ed.

The follow ng conclusions can be drawn:
1) The 10 subjects who exhibit a change in the magnitude of
averaged reflex after continuous auditory stinmulation do not
show a | arge nmagnitude of reflex and hence the relationship between
greater magnitude of reflex and reduction in averaged magnitude of
reflex after continuous auditory stinmulation is not established.
However, as the size of the sanpleis small, a definite conclusion

awaits further studies.
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2) The anplitude of the averaged reflex does not vary with the
nunber of presentation of the stinuli before the ear is stinu-

| at ed.

3) But there Is a notable change in an anplitude of averaged
reflex with the nunber of presentations of the stinmulus after

the ear is continuously stinulated with an auditory stinul us.

4) One mnute was found to be the m nimumduration of the con-
ti nuous auditory signal, which brings about a change in the

magni t ude of averaged reflex.

5) Atoneof 2KHz at 100 dBHL was found to produce a change in
magni tude of averaged reflex as 80%of the subjects showed a

change.

6) There are individual differences in the effect of continuous

auditory stinulation on the nmagni tude of the averaged reflex.

Limtations:

1) The study was carried out on a very small popul ati on.
2) The physical parameters of the stinuli;used as the continuous

audi tory stinulus, were limted.
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