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| NTRODUCTI ON

Rel ati onshi p between acoustic reflex and |oudness has
been investigated by many investigators. Jepsen, 1963;
Dal | os, 1964; Jerger, et al., 1972; Peterson and Liden, 1972;
Beedl e and Harform 1973; Margolis and Popel ka, 1975; Kapl an,
et al., 1977; Margolis and Fox, 1977; Vyasanurthy and Satyan,
1977; W1l son and McBride, 1978) have shown that in norma
hearing subjects, the threshold of the Acoustic reflex for
pure tones occur at levels of 70-90dB HL (1SO, 1964). Also
many i nvestigators (Matz, 1952; Evetsen et al., 1958, Jepsen,
1963; Liden, 1969, 1970; D upestand and Fl ottorp, 1970; Jerger,
et al., 1972; Simnski, et al., 1977; Popel ka, 1978; Rangasayee
1975 have reported that mld to noderate hearing |oss of
cochlear origin exhibit reflex thresholds for pure tones at
70 dB HL (1SO 1964). Thus, this reflex occuring at reduced
sensation levels in mld to noderate sensorineural hearing
| oss (cochl ear pathology) is due to the abnornmal growth of
| oudness t hat t hepati ents denonstrateasthesensationl evel of
a pure tone is increased. Measurenent of threshold of acoustic
refl ex has been referred as the "Metz test of |oudness recruit-
ment (BEwertsen et al., 1958) and elicitation of acoustic reflex
activity at reduced sensation |levels has teen interpreted as
an obj ective nmeasure of recruitnment of |oudness" (CGorga et al.,

1980).



In addition to the above observation there are studies
(Anderson et al., 1969; 1970a, b; Cartwight and Lilly, 1979;
O sen et al., 1975; Jerger, 1974; Sheehy, 1977) which show
that the patients with confirmed retrocochl ear pathol ogy

exhibit 50%reflex decay at suprathreshold |evels.

Block and Wley (1979) exam ned acoustic reflex growth
functions and | oudness bal ance judgenents for 3 normal hearing
subjects with normal mddle ear function. The hypothesis that
acoustic reflex activating signals producing propositionally
equal acoustic inpedance changes are judged equal in |oudness,
was evaluated. The nean acoustic inpedance and associ at ed
standard devi ati ons were conmputed for the baseline (Static)
and activator (reflex) portions of each reflex event. An
acoustic inpedance change exceeding and standard devi ation of

base Iine was defined as the criterion acoustic reflex response.

Ross (1967, 1968a, 1968b); tentatively propose the follow
ing conception of sone of the mechanisns involved in the
acoustic reflex and equal |oudness judgenment. The integrated
nunber of neural inpulses is directly proportional to the acti-
vation of the acoustic reflex and the integrated nunber of
neural inpulses is also directly related to the |oudness asso-

ciated with the stinulation, in such a way that two sinosoi ada



stinmulations are judged to be of the sane |oudness when they
both produce the sane integrated nunber of neural inpul ses.
Gorga et al., (1980) studied the effect of activating signa
band wi dth upon the threshold of acoustic reflex in normnal
hearing subjects and neasured the |oudness for the same signals
at sane intensity levels. Based on the results of their expe-
riment they suggested that signals at acoustic reflex threshold

may be equally loud for listeners with normal hearing.

However some studies (Corga et al., 1980} Vyasanurthy, 1982)
show that there is no one-to-one relationship between acoustic

refl ex and | oudness.

Al t hough there nmay not be a one to one rel ationship between
acoustic reflex and |oudness, it is clear fromthe many studies
that there does exist sone rel ationship between acoustic reflex

and | oudness.

Many studies show that there are individual differences
in the intensity anplitude function of the acoustic reflex.
Stated differently, the growh of reflex with increase in inten-

sity of sound varies fromindividual to individual.

It is now known whether the subjects show any simlarities
between the intensity anplitude function of acoustic reflex and

intensity anplitude function of brain stemresponse.



The present study has been designed to find answers to

the followng questions:

1) Is there any correlation between the increase in the magni-
tude of reflex at 500Hz and the increase in the anplitude

of I'l'l and V peaks (2KHz and 4KHz log on stimulus) of B.S.E R

2) Is there any correlation between the increase in the magni-
tude of reflex at OOOHz and the increase in the anplitude
of I'll and V peaks (2000Hz and 4000Hz log on stinmulus) of
B.S.E.R

3) Is there any correlation between the increase in the magni-
tude of reflex at 2000Hz and the increase in the anplitude
of I'll and V peaks (2000Hz and 4000Hz log en stinulus) of
B.S.E.R

4) |s there any correlation between the increase in the magni-
tude of reflex at 4000Hz and the increase in the anplitude
of I'll and V peaks (2000Hz and 4000Hz log on stimulus) of
B.S.E.R

5) Is there any correlation between the increase in the magni-
tude of reflex (Mean of magnitude change at 500Hz, | COOHz,
2000Hz and 4000Hz) and the increase in the anmplitude of
(Mean of anplitude change at 2000Hz and 4000Hz log on stinulus).



REVI EW OF LI TERATURE

Brief review of literature about (1) BSER. (2) Acoustic

reflex; and its relation to | oudness.

1) Brain Stem Evoked Response:

Auditory brain-stem response technique has emerged as a
vital adjunct to the clinical armamentarium of the Audi ol ogi st
Ot ol ogi sts and Neurol ogists, who jointly determ ne hearing
sensitivity, lesion site and central nervous systemintegrity,

Pat hol ogy and maturation (Moore, 1983).

Brain Stem Evoked Responses:- According to Buchwald (1983):

1) BSER reflects graded post synaptic potentials rather than
all-or-none action potentials dischargedat the cell some or

transmtted along the axonal projection.

2) BSER latency and anplitude measures reflect different physio-

| ogic processes which may interact.
3) BSER waves reflect functionally separable substrate system

Brai n-stem Auditory Nucl ei:

Dobi e (1980) reports, the "relay stations" between auditory
nerve and cerebral cortex are, in ascending order.
1. Cochl ear

2. Superior Oivary Conpl ex



3) Nuclei of the lateral |am niscus
4) Inferior Colliculus; and

5) Medi al genicul ate body.

Each of these is actually a group of nuclei wth conplex
structure and function. Wthin these neuclei, auditory infor-
mation is anal yzed and passed to notor neuclei where comrands
are issued that activate acoustic reflexes. In addition,
bi naural interaction occurs at all |evels beyond the cochl ear
neuclei. Animals surgically deprived of auditory cortex can
still performrelatively conplex auditory discrimnation tasks

(Neff 1961).

BSER GENERATI ON:

Based on data from several species, there is general agree-
ment that the:
1) First vertex positive potentials in the BSER sequence is pro-
duced by acoustic nerve activity (Cat, Jewett (1970),
Hashi not o, |shiyam and Yoshinmoto (1981).

2) Data froma variety of different experiments consistently
indicate that the cochlear neucleus contributes to and is

essential for BSER wave-Il (Buchwald, Huang, 1975).

3) In view of the direct and indirect |inks between MSO field

potentials and wave-I111, the principal substrate for Wave-II|
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generation is hypothesized as dendritic post-synaptic

potentials of the MSO (Buchwal d, 1983).

Wave- |V generation is postulated as PSP activity within
the lateral |emniscus cell population (Buchwald, 1983).
Wave-V Result of lesion studies suggest that the deep
ventrocochl ear portion of the IC is particularly inpor-
tant for wave-V generation (Buchwald, 1983).

Wave- VI arises fromnedial geniculate body. It is consis-
tently ranked hardest to recognize the BSER in a normal
popul ation, it is so irregularly present and variablein
waveformthat its clinical useful ness has been questioned
(Chi appa, G adstone, and Young, 1979).

Wave-VII| arises fromauditory radiations (Thalanocortical)

and is also irregularly present.

Factors that can bring about is variation in normal

response paranmeters are:

1)

Procedure effects:

a) Position of electrodes

b) The use of filters (Bandw dth)

c) Choice of response reference points for the conputation
of latency.

d) Difference in stinmulus transducer.

e) Effect of masking and/or anbient noise |evels.



2) Subject Effects:

a) State of the subject (awake, asleep, sedated or

anasthetized).

b) Effect of temperature

c) Sex differences

d) Effect of change in muscle tone and attention
e) Effect of age.

3) Stimulus Parameters:

a) Derived response

b) Intensity

c) Rate of stinulus presentation
d) Stinmulus transduction

e) Polarity

f) Binaural interaction

g) Tone-onset response

h) Frequency - follow ng response

i) Threshol d

According to Buchwald (1983) there is general agreement

anong investigators of both human and ani mal BSER upon the

foll owi ng points: -

1. The BSER are a series of volune-conducted neural potentials
recordabl e fromthe scalp which originate fromthe primary audi-
tory pathways of the brain stem (upto, and possibly including

the inferior colliculus).



2) The BSER show (positive) peaks and (negative) troughs
when the scalp electrode registers positivity against a

second nocephalic or cephalic reference electrode.

3) The peaks and troughs occur with |atencies of less than

10msec. following an intense auditory stimulus.

4)The intervals between positive peaks are approxi mately lmsec.

5) Peak latencies for any given subject are unchanging over

successive trial blocks or recording sessions; and

6) BSER | atencies and anplitudes are little affected by changes

in arousal level or by sleep.

Effects of intensity on brain stem evoked response:

Stimulus intensity is related to the spatial configuration
of neural aggregates and the number of active neural elenments
present. In other words, the intensity of a stimulus influences
the frequency of neural firing, and the number of neural elenments
capable of firing. These relations can be represented in the
BSER waveform as a function of different intensity |evels.

(Moore, 1983).

A distinct series of waves is accordingly |abeled (for
4000Hz only) Each 10 dB decrease in the inten-
sity of the stinuli shows a corresponding increase in the |atency
of each wave. Simlar functions were generated by other frequen-

cies al so.



10

The salient feature of this illustration is that al
five waves decrease in latency as a function of increasing
intensity or conversely that there is an increase in |atency
as the intensity of the stinmuli is decreased. This is seen
over the entire range of intensities investigated and suggests
an approximately linear relation to the |logarithmof the
stimulus intensity. |In certain defenite regions, the increase
in the variability measures (vertical bars) as intensity is
decreased, and that the variability score also increases when

conparing wave-l1 to wave-V. Further intensity decreases wl |l

i ncrease the anmount of the variability score and nake it extrenely

difficulttoidentify wave conponents fromthe variations in back-
ground noi se. The robustness of wave-V causes it to remain |ong

after the other waves have receded (Moore, 1983).

| NTENSI TY:

Latency Effects:

When click intensity is reduced from70 to 30 dB SL in
adults, the magnitude of the latency shift is greatest in Wave-|
and least in Wave-V. The |argest shift usually appears between
50 and 40 dBSL where anplitude dom nance is transferred fromthe
first to the second major peaks of the VIIIth nerve action
potential (AP), causing a sudden junp in |latency (Eggernont and
Qdenthal, 1974a). This junp is not paralleled by the shift in

wave-V. An abrupt decrease in the |-V IPL occurs at this paint.
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Snal l er but significant decreases are also Been in I PLs

I nvol ving wave-1 between 70 and 60 dBSL (I-111, P 0.02),

60 and 50 dBSL (I-111, P 0.02, I-V, P 0.001), and 40 and

30 dBSL (I-V, P 0.01). Significant IPL alterations are also
seen in newborns. These snmall, progressive decrease probably
reflect, in part, the greater effects of travelling wave

del ay on wave-1 than on | ater conponents, which appear to

have contributions froma nore extensive length of the cochl ear
partition than wave-1. (Terkildsen, Gsterhamrel,and Hui sint Veld
1975a, 1975b). MNon-linear shifts for the najor conponents are
seen in response to 10 deci bel changes in stimulus intensity

from70 to 30 dB SL in adults).

It is noteworthy that the 0.28nsec. (Sd 0.07) |atency
shift in wave-V/|I dB intensity change found in adults in this
study, although in agreenment with Pratt and Sohner (1976) is
wel I bel ow the 0.4nsec cited by Gal anbos and Hecox (1978).
These authors state that a latency - intensity slope of |ess
than 30nsec/dB "Virtually ensures” a high frequency hearing
deficit. Shallowwave-V latency - intensity function was al so
found in an audionetrically and neurol ogically normal subject.
The di screpancy is probably mainly due to the lower intensity
range (10 to 60 dBSL) used by these authors (Hecox and CGal anbos,
1974).

The conclusion to be drawn fromthis are that, when

latency - intensity norns are applied, they nust be specific
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for the intensity range tested and the portion of that range
under consideration. Non-linearity of latency - intensity

functions makes "sl ope" above an unreliabl e neasure.

the intensity related shortening of interpeak I|atency

cannot be duplicated by effective lowering of click intensity
with the introduction of white noise masking, presented ipsi-
lateral to click stimulation when the nasking noi se and broad
band clicks are presented through the TDH 39 ear phone, wave-|
latency is unaltered; |ater conponents are prol onged, causing
an increase in the IPLs involving wave-1. The resistance of
Wave-1 latency to ipsilateral masking noise in this experinent
is consistent with the findings of Kiang, Watanable, and

Thomas, et al (1965) in single-fibre auditory nerve recordings.

Anplitude Effects:

The anplitude of the IV-V conplex is also |less affected
by stimulus intensity then are earlier conponents (Terkildsen,
Csterhamrel, and Huisin't Veld, 1973; Pratt and Sohnmer, 1976).
The change in nean anplitude from0.49 V at 70 dB SL to 0.28 V
at 30 dBSL in adults represents an average 41%reduction in
anpl i tude over the 40 dB range. Wave-1 anplitude over the sane
range is reduced by 81% The nobst abrupt change in anplitude

is seen between 60 and 70 dB, where wave-l doubles in anplitude



i n both newborns and adults. In nmany individuals, wave-l|
anplitude is lower at the "transitional" intensity (usually

45-55 dBSL) than at 30 dBSL (More, 1983).

Suzuki, T., Kcbayashi, K, Hrabayashi, M, measured
spectral conponents of ABR as a function of stimulus inten-
sity and stimulus interval in normal hearing subjects. A
hi gher stimulus intensities, three peaks were observed at
0-100, 600 and 900Hz in the spectrum of which the nost
promnent peak was around 100Hz. Wth decrease of stimlus
intensity, the power of all spectral conponents was regularly
di mni shed. The power of |ow frequency spectral conponents
upt o 500Hz was kept unchanged with various stimulus intervals
from125ns to 11ns, while the power of higher frequency com

ponents tended to decrease w th deceasing stinulus intervals.

2. Loudness And Acoustic Refl ex:

Many investigators (Jepsen, 1963; Dallos, 1964; Jerger,
et al., 1972, Peterson and Liden 1972; Beedl e and Harform 1973,
Margol i s and Popel ka, 1975; Kaplan et al., 1977, Margolis and
Fox, 1977, Wasanurthy and Satyan, 1977, WIson and McBri de,
1978) have shown that in normal hearing subjects, the threshold
of the Acoustic Reflex for pure tones occur at |evels of 70-90
dBHL (1SO 1964). Also many investigators (Metz, 1952;
Evetsen et al ., 1958; Jepsen, 1963; Liden, 1969, 1970; [ upestand
and Flottorp, 1970; Jerger et al., 1972; sirr.inski, et al., 1977,
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Popel ka, 1978? Rangasayee, 1975) have reported that mld to
noder at e hearing | oss of cochlea origin exhibit reflex

t hreshol ds for pure tones at 70.19 dBHL (1SO 1964). Thus,

This reflex occuring at reduced sensation levels in mld to
noder at e sensorineural hearing |oss (cochlear pathology) is

due to the abnormal growth of |oudness that the patients
denonstrate as the sensation level of a pure tone is increased.
Measurenent of threshold of acoustic reflex has been referred

as the "Metz test of |oudness recruitnment” (Ewertsen et al., 1958)
and elicitation of acoustic reflex activity at reduced sensation
| evel s has been interpreted as an objective measure of recruitnent

of | oudness" (Corga et al., 1980).

In addition to the above observation there are studies
(Anderson et al., 1969, 1970 a, b; Cartwight and Lilly, 1979;
O sen et al., 1975; Jerger, 1974; Sheehy, 1977) which show t hat
the patients with confirnmed retrocochl ear pathol ogy exhibit

50%refl ex decay at suprathreshold | evels.

Further many investigators (MCandl es 1975; Tonni son, 1975;
Snow and McCandl es, 1976; Rapport and Tait, 1976; MlLead and
Greenberg, 1977; Wodford and Hol nes, 1977) have used the acoustic

m ddl e ear nuscle responses to estinate |oudness disconfort |evel.

Bl ock and Wley (1979) exam ned acoustic reflex growth

functions and | oudness bal ance judgenents for 3 normal hearing
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subjects with normal m ddle ear function. The hypothesis that
acoustic reflex activating signals producing proportionally
equal acoustic inpedance changes are judged equal in |oudness,
was eval uated. The nean acoustic inpedance and associ at ed
standard devi ations were conputed for the baseline (Static) and
activator (reflex) portions of each reflex event. An acoustic
i npedance change exceeding 2 standard deviating of baseline

was defined as the criterion acoustic reflex response.

Ross (1967, 68a, 68b); tentatively propose the follow ng
conceptions of sonme of the nechanisns involved in the acoustic

refl ex and equal | oudness judgenent.

The number of neural inpulses generated in response to each
cycle of a sinusoidal stinmulation is directly proportional to
the volunme velocity of the cochlesr fluid and, possibly, to the
maxi mum di spl acenent anplitude of thebasilar nmenbrane, at nmedi um
and high stimulating |levels. For frequencies bel ow about 300cps,
each nerve fiber at the levels in question - responds to synchro-
nously to each individual cycle of the sinusoidal stinulation;
at hi gher frequencies, the response rate of each nerve fi ber
varies between its maximumrate i.e. about 300 inpul ses/sec, and
half this val ue, depending on the ratio between the stimulating
frequency and the maxi mumresponse rate. The total nunber of
neural inpulses generated in all affected fibers in response to

a sinusoidal stimulation is summated (integrated) over a tine
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interval in the order of 200nsec. This integrated nunber of
neural inpulses is directly related to the activation of the
acoustic reflex in such a way that the reflex is activated to
t he same degree by two sinusoidal stinmulations that produce

t he sanme integrated nunber of neural inpulses. For sone

subj ects, the integrated nunber of neural inpulses is also
directly related to the | oudness associated with the stinulation,
in such a way that two sinusoidal stinulations are judged to
be of the same | oudness when they both produce the sane inte-
grated nunber of neural inpulses. For other subjects, charac-
terized by seemi ngly, "abnormal" equal |oudness contours, this

rel ati on does not appear to hol d.

Gorga et al (1980) studied the effect of activating signa
band wi dt h upon the threshold of acoustic reflex in norma
hearing subjects. Loudness neasurenments were nade for the sane
signals at the sane intensity levels that were required to
elicit an acoustic reflex response. Based on the results of
their experinment they suggested that signals at acoustic reflex

threshol ds may be equally loud for listeners with normal hearing.

Robert W Keith (1978) studied the |oudness and acoustic
reflex in normal |isteners and reported; the acoustic reflex
to speech in the sound field was approxinmately 4 dB | ower than

were results of simlar testing done with earphones (MCandl ess
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and M1l ler, 1972; dson and Hi pskind, 1973). It seens that
it is possible to obtain consistent acoustic reflex data to
speech even though speech is quite variable in its instanta-

neous sound pressure.

Results of |oudness testing indicate an MCL of approxi-
mately 63 dB SPL with earphones. Kopra and Bl osser (1968)
also report an MCL of 62.9 dB SPL for connected speech dB
course presented nonaurally through an earphone to nornal
hearing subjects. The averaged sound field MCL of 69.6 dB SPL
corresponds to the orthotel ephonic reference Ievel of 70 dB
SPL ( Pollack, 1948). This finding tends to support the
clinical use of 70 dB SPL sound field speech as representing
speech at an appropriate average |level, sound field thresholds
for pure tones are usually considered to occur at 6 dB | ower
intensity than do earphone thresholds (Sivian and Wite, 1933).
Spondee threshol ds has been reported at approximately 7.5 dB
lower intensity in the sound field than under earphones (Till man,
et al 1966) and LDL for pul sed white noise has been reported at
8.6 dB lower SPL in the sound field conpared to ear phones

(Morgan and Dirks, 1974).

The MCL increased from70 dB to 76 dB SPL when 55 dB of
noi se was introduced. Even though 100%di scrim nation of speech
occurs at |less favourable signal to noise ratios (Keith and

Talis 1984), normal hearing listeners appear to prefer a nore
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favourable signal - to - noise ratio for nost confortable

| oudness , in this case +21 dB. Because in noise the intensity
of speech required for MCL increased whereas the AR threshold
remai ned essentially the sane, there does not seemto be an
absol ute relationship held between MCL for speech and the
Acoustic Reflex Threshold, a finding that is consistent with
statenent made by Margolis and Popel ka (1975). Nevert hel ess,
in normal hearing persons there does scope to be an orderly

rel ationship between | oudness and the acoustic reflex, wth

the acoustic reflex threshold occuring at approxi mtely equa

intensities between the MCL and LDL neasured in quiet.

Al t hough the above nentioned studies clearly point out
that the | oudness and acoustic reflex are closely related there
are also studies that point out that the acoustic reflex may

not depend exclusively on the perception of | oudness.

Mar gol i s and Popel ka (1975) tested the hypothesis that
| oudness is constant at acoustic reflex threshold. Acoustic
reflex thresholds of 5 normal subjects was determ ned for
octave frequencies from 250 to 4000Hz for a narrow band noi se
(BWESOHz) centered at 500Hz and for a wi de band noi se. Acoustic
reflex threshold was determ ned and the |oudness of the reflex
threshold stinulus was neasured utilizing a nonaural | oudness
bal ance procedure enploying a | OOOHz conpari son tone and a nethod

of constant stinuli.
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Results indicated that for the activating stinuli used in
t hat experinment, |oudness at acoustic reflex threshold varied
over a 17 dB range. They have concluded that "the acoustic
reflex is not dependent on sone critical |oudness of the activat-
ing stinmulus and | oudness may not be the key determ nant of

reflex activity.

Gorga et al (1980) investigated un acoustic reflex under
bi naural stimnulation. They neasured the magnitude of the acoustic
reflex as a function of interaural phase for a 550Hz tonal acti-
vating signal. The level of this signatures varied over a range
of + 10 dB relative to its acoustic reflex threshold and was
al ways presented in a background of noise. They found that there
was no difference in the magnitude of the acoustic-reflex
response between honophasic and antiphasic conditions eventhough
the antiphasic condition was judged |ouder (or nore easily
detectable). Thus the above result raised some doubts regarding

one-to-one relationship between | oudness and acoustic reflex.
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VETHODCOL OGY

. SUBJECTS:

8 normal hearing subjects fromthe student popul ation of
Al India Institute of Speech and Hearing, Mysore-6, in the
age range of 17 to 23 years were selected on randombasis. All
t he subjects had normal hearing (<20 dBHTL ANSI, 1969). The
subjects were selected on the following criteria:
1. They should not have had any history of ear discharge, tinnitus,
gi ddi ness, earache or any ot her otol ogical conplaints.
2. They should be able to relax and feel confortable with
el ectrodes on, within 10-15 mnutes after their placenent.
3. They should not have had any history of epilepsy or other
neur ol ogi cal conpl ai nts.
4. Their electrophysiological input should come bel ow 500 mi cro-

volts within 10-15 m nutes after el eccrode pl acenent.

1. EQU PMENT:

The followi ng instrunents were used in the study.
1. Electric Response Audi onetry, Model TA-1000.
Brief description of the Instrunent:
The TA-1000 systemconsists of the SLZ-9793, desk top consol e,

the SLZ 9794 preanplifier and an accessory group.

The SLZ-9793 console contains all of the operating controls,

indicators and read-outs for the system It provides the patients
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an auditory stinmulus and accepts patients electrical response
fromthe preanplifier signal conditioning and digital averag-
ing extract the patients BSER responses fromthe background
noi se. Oscillographic display and |ink-on-paper recording
provi des an ongoing nonitor as well as permanent record of

responses.

The SLZ 9794 preanplifier is an isolated EEC preanplifier
with frequency response and gain specifically designed for ERA
Patients electrical response is sensed by a set of three el ec-
trodes and after anplification, is conducted to the console by

an interconnecting cable.

Accessory group used was: -

1. A binaural air conduction headset with cord set.

™

| nt erconnecting cabl es, chart paper and pens.
3. Sets of electrodes, electrolyte gelly and el ectrode adhesive

pad was substituted by Johnson Pl ast.

2. Electroacoustic portabl e i npedance audi oneter.
Make - Madsen El ectronics
Mbdel - ZS77-MB
Power - Directly fromAC source of 220 volts.

Ear phone - TDH 39 with MX41/ AR cushi on
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I'11. TEST ENVI RONMENT:

The experiments were carried out in sound treated and
centrally air conditioned room at the Audiol ogy Department

of Al India Institute of Speech and Hearing, Msore-6.

| V. PROCEDURE:

There were two stages in the experiments carried out in
the present study. The two stages were: -

1) I nmpedance Audiometry (2) B.S.E.R

1) Inmpedance Audi ometry:- The tympanogranms for both the ears

were found. The reflex threshold of the phone ear and the

m ddl e ear pressure of the probe ear were determ ned for each

subj ect.

Next the deflections of the B.M needle were noted for

intensities in 5 dB steps, upto 15 dB above the Acoustic Reflex

Threshol d.

2) Electric Response Audiometry: -

Instructions:- The subjects were instructed to lie in relaxed
position on an exam nation table. Subjects were told that the
el ectrodes would be placed and they would be hearing intermttent

sounds. The subjects were not sedated.
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Electrode placement was as follows:-
Red (+) signal, to high forehead.
White (-) reference, at right mastoid.of the test ear.

Black : ground, at left mastoid of the non test ear.

Each electrode was placed into the correspondingly coloured

receptade onthe patient electrode cable from the preamplifier.

Headphones were placed and the headset was positioned in

such a way that it was comfortable to the subject.

E.R.A. was set as follows:-

1. Stimulus frequency on 2KHz and 4KHz, 20 pulses per second
and 10 Ms sample time.
2. The scale switch on 2048 samples and 0.2uv/D.V.

3. Stimulus intensity at 60 and 100 dB HL.

B.S.E.R. waveforms were taken for each subject at two
frequencies (2KHz and 4KHz) at two different intensity levels

(60 dB and 100 dBHL) in right ear.

ITI and V peak latency readings were noted from the graph

of B.S.E.R.A

Amplitude of B.S.E.R. was determined for III and V peaks.
To determine the amplitude in microvolts (u v ), the marker ampli-
tude 'M' was noted down. The scale switch amplitude S was

.2 v/dlv.
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For eg. a trace feature is 2.5 division high and the marker
is 2 division high and the scale switches i1is set to .2/uv/div.

T = 2.5
M= 2.0
S = 0.2

Amplitude TS = 2.5 x .2

2 2
All the subjects were tested in the same manner.
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RESULTS AND DI SCUSSI ON

The data was subjected to relevant statistical analysis

and the results are displayed in the Tables 1 to 15.

Table-1 shows the mean values or the magnitude of reflex
with left ear as phone ear for 500Hz tone at:

a) Threshold |evel

b) 5dB SL

c) 10dB SL

d) 15dB SL

Al so, the difference in the magnitudes of reflex i.e. difference
bet ween 10 dB SL and 5dB SL, between 10dB SL and OdB SL and

bet ween 15dBSL and OdB SL.

Tabl e-2 shows the mean val ues of the magnitude of reflex
with left ear as phone ear for | OOOHz tone at;

a) Threshold |evel

b) 5dB SL

c) 1GdB SL

d) 15dB SL

Al'so the difference in the magnitudes of reflex i.e. difference
bet ween 10dB SL and 5dB SL, between 10dB SL and OdB SL and
bet ween 15dB SL and OdB SL.
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Tabl e-3 shows the mean values of the magnitude of reflex
with |eft ear as phone ear for 2000Hz tone at;

a) Threshol d | evel

b) 5dB SL
c) 10dB SL
d) 15dB SL

Al'so, the difference in the magnitudes of reflex i.e., difference
between 10 dB SL and 5dB SL, between 10dB SL and OdB SL and
bet ween 15dB SL and OdB SL.

Tabl e-4 shows the mean values of the magnitude of reflex

wth |eft ear as phone ear for 4000Hz tone at;

a) Threshold |evel
b) 5dB SL

c) 1GdB SL

d) 15dB SL.

Also, the difference in the magnitude of reflex i.e., difference
between | OdB SL and 5dB SL, between 10d3 SL and OdB SL and between
15dB SL and OdB SL.

Tabl e-5 shows the mean val ues of the magnitude of reflex
with Right ear as phone ear for 500Hz tone at;

a) Threshol d | evel
b) 5d3 SL
) 10dB SL
)

15dB SL

c
d



Al'so, the difference in the magnitude of reflex i.e. difference
bet ween 10dB SL and 5dB SL, between 10dB SL and OdB SL and
bet ween 15dB SL and OdB SL.

Tabl e-6 shows the nean values of the nmagnitude of reflex
with right ear as phone ear for | OOOHz tone at;

a) Threshold |evel

b) 5dB SL
c) 10dB SL
d) 15dB SL

Al'so, the difference in the magnitudes of reflex i.e. difference
between | GdB SL and 5dB SL, between 10dB SL and OdB SL and between
15dB SL and OdB SL.

Tabl e-7 shows the mean val ues of the magnitude of reflex

with right ear as phone ear for 2000Hz tone at:

a) Threshold |evel
b) 5dB SL

c) 10dB SL

d) 15dB SL.

Al'so, the difference in the magnitude of reflex i.e., difference
bet ween 10dB SL and 5dB SL, between 10dB SL and OdB SL and
bet ween 15dB SL and OdB SL.
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Tabl e-8 shows the mean values of the magnitude of reflex
with right ear as phone ear for 4000Hz tone at;

a) Threshold |evel

b) 5dB SL
¢) 10dB SL
d) 15dB SL

Al'so, the difference in the magnitude of reflex i.e., difference
between 10dB SL and 5dB SL, between |10dB SL and OdB SL and
between 15dB SL and OdB SL.

Table-9 shows the anplitude of |1l and V peaks when Right

ear was tested using 2000Hz | ogon stimulus at 60 dB HL.

Tabl e-10 shows the amplitude of 111 and V peaks when right
ear was tested using 2000Hz logon stinulus at | OOdB HL.

Tabl e-11 shows, anplitudes of 11l and V peaks when Ri ght

ear was tested using 4000 Hz log on stimulus at 60dB HL.

Tabl e-12 shows, anplitudes of IIl and V peaks when right
ear was tested using 4000Hz tone at 100dB HL.

Tabl e-13 shows magnitude of reflex at 4000Hz and anplitude

change of |1l and V peaks at 4000Hz | ogon stinulus.

Tabl e-14 shews magni tude of reflex at 2000Hz and anplitude

change of 111 and V peaks at 2000Hz | ogon stimulus.
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Tabl e- 15 shows Averaged magni tude of reflex (500Hz, 1O0OO0O0Hz,
2000Hz and 4000Hz) and averaged anplitude of 1l and V peak
at 2KHz and 4KHz | ogon sti nul us.

Results of the analysis:

Val ues

1. Correlation of magnitude of reflex (500Hz, +
| OCOOHz + 2000Hz + 4000Hz) and anplitude of 0. 30
Il peak (2000Hz + 4000Hz | ogon stimul us).

2. Correlation of magnitude of reflex (500Hz +
| OCOOHz + 2000Hz + 4000Hz) and anplitude of 0.22
V peak (2000Hz + 4000Hz | ogon sti mul us).

3. Correlation of magnitude of reflex at 2000Hz
and anplitude change at |11l peak at 2000Hz 0. 48
| ogon sti nul us.

4. Correlation of magnitude of reflex at 2000Hz
and anplitude change at V peak at 4000Hz -0.33
| ogon sti nmul us.

5. Correlation of magnitude of reflex at 4000Hz
and anplitude change at |1l peak at 4000Hz 0.24
| ogon sti mul us.

6. Correlation of magnitude of reflex at 4000Hz
and anplitude change of V peak at 4000Hz. 0. 47
| ogon sti mul us.

Fromthe results it is clear that there is no correl ation
bet ween t he nagnitude of reflex and the change in the anplitude

of Il and V peak. Since nany studies have shown that there is
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sone relationship (although not one-to-one) between nmagnitude

of reflex and | oudness and since the results of the present

study reveal that there is no correlation between the nagnitude
of reflex and the anplitude change in the V and Il peaks of
BSER, it may be inferred that the brain stemresponses do

not reflect the I oudness. This conclusion may be justified if
one considers the nature of the brain stemresponses . It is
reported (Buchward, 1983) that the brain stemresponses reflect
the post synaptic potentials rather than the action potentials
transmtted along the axons. Further it is known that brain-stem
responses neasure the synchrony of the auditory pathway function,
but not hearing. Synchronous firing of the neurons can be
expected fromthe neurons of the basal end of the cochlea. That
is, the brain stemresponses are mainly derived fromthe basal
end of the cochlea. Since the the brain stemresponses depend
on the responses of the neurons of the basal end of the cochlea
only, it is likely that the brain stemresponses cannot represent
| oudness. To represent |oudness, the responses of all the acti-
vat ed neurons should be considered. |In the light of the above

di scussion, it can be concluded that the brain stem responses do

not reflect |oudness of the stinulus.

Additionally, the present study has revealed that the infor-

mation regarding the changes in the anplitude of 11l and V peaks
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may not be useful for identifying the subjects who are suscep-
tible to noise induced hearing |loss. Ann Zachariah (1980) has
reported that the nagnitude of reflex can be used as a predictor
of subject's susceptibility to noise induced hearing | oss.
Since there is no correlation between the magnitude of reflex
and the changes in the anplitude of IIl and V peaks, the latter
i nformati on maynot be useful for identifying subjects who are

susceptible to noise induced hearing | oss.
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SUMVARY AND CONCLUSI ONS

Many investigators have studied the relationship between
acoustic reflex and | oudness. Sonme studies show that there
is no one-to-one relationship between acoustic reflex and | oud-
ness. Although there may not be one-to-one relationship
bet ween acoustic reflex and | oudness; it is clear fromthe
many studies that there does exist relationship between acoustic

refl ex and | oudness.

Many studies showthat the growmh of reflex with increase

in intensity of sound varies fromindividual to individual.

It is not known whether the subjects show any simlarities
between the intensity - anplitude function of acoustic reflex

and intensity-anplitude function of brain stemresponses.

To study the correlation between "Magnitude of acoustic
refl ex and anplitude of brain stem responses”, this experiment

was carried out.

Ei ght normal hearing subjects with no history of otologica
di sorder were selected. Acoustic reflex thresholds were esta-
bl i shed, and growth of magnitude of reflex were neasured at
5dBSL, |QdBSL, and 15dBSL. Further, brain stemresponses Il
and V peaks of the sane subjects were obtained using 2000Hz and

4000Hz | ogon stinulus at 60d3HL and 10OOdBHL.
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Fromthe results of the present study, no correlation is
found between the magnitude of reflex and the change in the
anplitude of Ill and V peaks, of brain stemresponses, it may
be inferred that the brain stemresponses do not reflect the
| oudness. It is reported (Buchwald 1982) that the brain stem
responses reflect the post synaptic potentials rather than
t he action potentials transmtted along the axons Furt her,
it is known that brain stemresponses neasure t he synchrony
of the auditory pathway functions, but not hearing. Synchronous
firing of the neurons can be expected fromthe neurons of the
basal end of the cochlea. That is, the brain stemresponses
are mainly derived fromthe basal end of the cochlea. Since
the brain stem responses depend on the responses of the neurones
of the basavend of cochlea only,it is likely that the brain stem

responses cannot represent |oudrtess.

Additionally the present study has revealed that the infor-
mation regarding the change in the anplitude of IIl and V peaks
may not be useful for identifying the subjects who are suscep-
tible to noise induced hearing |oss. Anne Zachariah (1980)
has reported that the magnitude of reflex can be used as a
predi ctor of subjects susceptibility of noise induced hearing
| oss. Since there is no correlation between magni tude of reflex
and the changes in the anplitude of Il and V peaks of Brain stem
Evoked Response. Hence this information may not be useful for
identifying subjects who are susceptible to noise induced hearing

| 0ss.
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Concl usi ons:

There is no correlation between the magnitude of reflex

and the changes in the anplitude of 1l and V peaks of

brain stemresponses.

2. Brain stemresponses may not be useful for identifying

subjects who are susceptible to noise induced hearing | oss.



Bl BLI OGRAPHY

Block, MG, and Wightman, F.L (1977): "A statistically based
measure of the acoustic reflex and its relation to
stimul us | oudness"”. J. Acoust. Soc. Am 61: 120-125.

Borg, E., and Odman, B (1979):"Decay and recovery of the acou-
stic stapedius reflex in humans”. Acta.Oto.Lan. 87:

421-428.

Beedle, R, and Harfood, E A ,b(1973) "A conparison of acoustic
reflex and | oudness growth in normal and pathol ogi c
ears". J.Speech & Hearing Rex. 16: 271-281.

Buchwal d, J.s.,(1983) "Generators. In Bases of auditory brainstem
evoked responses (E.J.More, ed) Pp.157-195, Grune and
Stratton Inc, New YorKk.

Chi appa, K H, Cadstone, K J., and Young, R R (1979)"Brain stem
auditory evoked responses. Studies of waveformvari a-
tions in 50 normal human subjects”. Arch. Neuro. 1979,

36: 81-87.

Coats, A C.,(1983) Instrumentation. In bases of auditory brainstem
evoked responses”"(E. J. Mcore, ed) Pp.197-220. G une
and Stratton, Inc, New York.

Coats, A.C., Martin, J.L., and Kiddern, H.,"Nornmal short-I|atency
el ectrophysiological filtered click responses recorded
fromVertex and external auditory neatus, J.Acoust.
Sec. Aner., 1979, 65: 747-758.

Dall os, P (1964) "Dynam cs of the acoustic reflex: Phenonenol ogi cal
aspects". J.Acoust. Soc. Am 36: 2175-2183.

Gol dstein, R, and Rosenblut, B. (1965) "Factor influencing electro-
physi ol ogi cal responsivity in normal adults. J.Speech.
Hear . Res. 8(4), 323-347.

Gorga, MP., Lilly, DJ.,and Length, R V.(1980) "Effect of signal
Bandwi dt h upon threshold of the acoustic reflex and upon
| oudness". Audi ol ogy, 19:277-292.

Hashi mato, |., Ishiyama, Y., Yoshinoto, T., et al "Brain stem
auditory evoked potentials recorded directly from
human brai n-stemand thal anus. 3rain, 1981, 104:

841- 859.

HeCox, K., and Gal anbos, R, (1974): "Brain stem evoked responses
in human infants and adults. Arch. of O ol aryngol.
99, 30-33.



49

Margolis, R H, and Popelka, GR, (1975): "Loudness and the
acoustic reflex". J.Acoust. Soc. Am, 58: 1330- 1332.

Metz, O (1952): "Threshold of reflex contractions of nuscles of
m ddl e ear and recruitnment of |oudness".Arch. ol ar.
55: 536- 543.

Moore, E.J., (19S3): Bases of auditory brain-stemevoked respon-
ses", Grune and Stratton, Inc, New York.

Ross, S (1968): On the relation between the acoustic reflex and
| oudness". J. Acoust. Soc. Am 43: 768-779.

Rajinder, K, (1985): EEG Artifacts and BSERA', An |Independent
Project submtted to the University of Msore.

VWasanmurthy, M N., and Satyan, H.S., (1977)"Effect of masking

and fatigue on acousticreflexthreshold", J. A 1.l1.S H
Vol . 7

VWyasanmurthy, MN (1982) "Objective Residual Mnaural Loudness
adaptation” - A New concept” - A thesis submtted to
the university of Mysore for the degree of Doctor of
Phi | osophy.

Zachariah, A., (1980)"study of relationship between
acoustic reflex threshold & TTS." Dissertion
to Mysore University (1980).





