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| NTRCDUCTI ON




| NTRCDUCTI ON1

Brai n-stem evoked responses are a aeries of vertex-positive
tinme | ocked electric events. They are usually aroused by a bri ef,
rapid onset, high intensity click or tonal pip. The vertex posi-
tive nature of the events is dictated by the placenment of surface
el ectrodes, usually featuring an active el ectrode on the vertex,

a reference electrode on the mastoid or earlobe ipsilateral to the
signal source, and a ground el ectrode on the forehead or other

neutral tissue.

The size of the ABRis sufficiently small, often fractions
of amcrovolt, to require the use of nmany signal presentations
(1000-2000 stimuli) and digital averaging of the resultant el ec-
trical activity for the stimulus tine-|locked potentials to be

elicited fromthe ot her physiologic 'noise'.

BSERA differs fromconventional pure tone audionetry in that
it is an entirely objective procedure, the subjects response is
totally involuntary even to the extent that normal responses
reobt ai ned from sedat ed, unconsci ous or conatose subj ects whose

auditory function is intact.

Since the auditory brain stempotentials are known to be
elicitabl e near a subjects behavi our threshold for the stinmulus
used, and since the various potentials are thought to originate
fromdifferent points in the brain stem they have proved usefu

I n hearing of evaluations of human bei ngs for 2 purposes -



(a) they are useful as a means of neasuring hearing sensitivity
frompatients who cannot or will not give accurate voluntary
responses, and

(b) they are useful as a diagnostic too for determning the

probabl e cause of an auditory di sorder.

According to Buchwal d (1983) BSER refl ects graded post -
synaptic potentials rather than all-or-none action potentials
di scharged at the call soma or transmtted along the axona
projection. He also said BSER | atency and anplitude neasures
reflect different physiologic processes which may interact.

BSER waves reflect functionally separabl e substrate system

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

1
2
3. Nuclei of the lateral |enniscua
4. Inferior colliculua

3)

Medi al Ceni cul at e Body

Each of these is actually a group of nuclei with conplex
structure and function. Wthin these nuclei auditory infornation
I's anal yzed and passed to notor nuclei where conmands are issued
that activate acoustic reflexes. Inaddition, binaural interaction
occurs at all Ievel s beyond t he cochl ear nuclei. Aninals surgically
deprived of auditory cortex can still performrelatively conplex

auditory discrimnation task (Neff, 1961).



Based on data fromseveral species, there is genera

agreenent that the:-

1. First vertex positive potentials in the BSER sequence is

7.

produced by acoustic nerve activity (Cat, Jewett, 1970;

Hashi not o, |shyam and Yoshi noto, 1981).

Data froma variety of different experinments consistently

I ndi cate that the cochlear nucleus contributes to and is
essential for BSER wave-11 (Bushwal d, Huang, 1975).

In viewof the direct and indirect |inks between M5O field
potentials and wave-111, the principal substrate for wave-111I
generation is hypothesized as dendritic post-synaptic poten-
tials of the nedial superior olivary nucleus (Buchwal d, 1983).
Wave-1V generation i s postul ated as post-synaptic potenti al
activity within the lateral |emiscus cell population
(Buchwal d, 1983).

Wave-V result of |esion studies suggest that the deep ventro-

| ateral portion of the inferior colliculus is partially

| nportant for wave-V generation (Buchwal d, 1983).

Wave- VI arises frommnedi al geniculate body. It is consistently
ranked hardest to recogni ze the BSER in a nornal popul ati on,

It is soirregularly present and variable in waveformthat its
clinical useful ness has been questioned (Chi ppa, d adstone

and Young, 1979).

Wave-VI| arises fromauditory radiations (thalanocortical) and

Is alsoirregularly present.



According to Bobie (1980), responses variabl e usually
measured is the |latency of wave-V, for several reasons:-

1) Wave-V is usually the largest conponent in BSER

2) Wave-V is the |east variable conponent of BSER trace, from
subj ect to subject.

3) Under adverse conditions such as |ow stinulus intensity and
high repetition rate, wave-V persists while the other waves
becone increasingly indistinct.

4) Latency of any of these waves is far |ess variable than

response anpl i t ude.

The evoked responses are known to change fromthe nornal
due to a nunmber of factors. They are listed bel ow -

1. Stinulus Paraneters:

Derived response

=

Intensity
Rat e of stinulus presentation
Stimlus transduction

Polarity

- O O O

Bi naural Interaction

Tone-onset response

5«

Frequency-fol | owi ng response
. Threshol d.

Procedure Effects:

Position of el ectrodes
The use of fitters (Bandw dth)

o 80N



c. Choice of response reference points for the conputa-
tion of |atency.

d. Dfference in stinulus transducer.

e. Effect of nasking and/ or anbi ent noise | evel.

3. Subject Effects:

a. State of the subject (awake, asleep, sedated or
anaest het i zed)

b. Effect of the tenperature

c. Sex differences

d* Effect of change in nuscle tone and attention

e. Effect of age

These factors need to be controlled while testing in order
toget valid and reliable results. This study al so considers the

effect of one of the stinulus paraneters on the evoked response.

A mof the study:

This study ains at observing and recording the effect of
10 msec. and 20 m sec. settings on the brain-stem evoked

response waves.
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REM EW CF LI TERATURE

Basi ¢ Principl es:

When a person is quite and rel axed his brain wave activity
has a definite wave pattern. A change in this pattern of brain
waves i s found when an external stinulus eg. sound is presented
to the person. This is called evoked response or evoked poten-
tial or conplex or vertex potential. The type of audionetry
whi ch uses this basic nethodology is called Evoked Response Audi o-

metry.

The response evoked on presentation of stimulus just once
Is negligible. Hence the stinmulus is presented a nunber of times
and t he averagi ng conputer averages the stimulus tine-Iocked
responses and nmagnifies the change. Geater the nunber of stimul

used greater the anplitude of resultant stimul us.

Thus, BSERA finds clinical application in the eval uation of
hearing abnornalities involving that portion of the auditory
pat hway between the cochl ea, where the acoustic stimilus in first,
converted to an electrical signal; andthe brain-stem where this
signal initiates the coordinated neuron di scharge subsequently

recogni zed as sound.

Acoustic Stimuli for BSERA

BSERA stimuli are characterized by abrupt onset and decay
and short-duration, totally unlike the sustained pure-tone of

conventional audionetry. This is necessiated by the diagnosis



whi ch depends on significance of response with the duration of
stimulus and by the very rapid response of the cochlea to the

acoustic sti mul us.

In this study we have used LOXN stinulus. The | ogon
stimulus is a 1.5 cycle burst of the desired stinulus frequency,
havi ng onset and decay tines equal to 0.75 cycles of that
frequency. Its waveformis a single naj or peak, preceded and
succeeded by m nor peaks of opposite polarities. The |ogon's
energy spectrumis approxi mately one octave in bandw dth centered
on that frequency determned by the interpeak tine of its
waveform The logon stimulus is nore frequency specific and
finds clinical application in nore detailed exploration of hear-

ing abnormalities, typically in the 500 - 4000Hz frequency range.

Typically, the peak sound pressure | evel of a BSER stimul us
at hearing threshold is approxi mately 25dB greater than that of

a sustained pure tone.

Jewett and Wl liston (1971) denonstrated that the norna
ABR consisted of 5 to 7 vertex positive waves occurring in the

first 9 mlliseconds followi ng a click stinmulus.

g MmMEC



Thi s wave series was inpressively consistent across and within
subj ects. Wave-V was the nost prom nent conponent of the response
and the nost robust in its resistance to the effects of increased
stimulus repetition rate. Wave-VI was a fairly consistent part

of the response, but wave VI| occurred inconsistently across subject

Sohner and Fei nnesser (1967) found that the early waves of
t he response (Wave-1 through Wave-1V) were found to be particularly
sensitive toincreases in the stimulus repetitionrate, i.e., the
reduction of these waves was narkedly reduced at hi gher repetition

rates.

Jewett and WIlliston (1971) found that |ower frequency tone
pipe resulted in a | ess distinct wavef ormthan hi gher frequency

t one pi pe.

Anatom cal origins of Response Conponents:

Fromthe very begi nning, various investigators have specu-

| at ed about the origin of ABR conponent waves.

Studi es by sohnmer et al, (1974); Starr and Acher (1978);
Starr and Hamlton (1976) denonstrated that wave-1 was typically
the only recomrand when | esions involved the ponto-neduilary
function or when the brainstemwas externally danmaged. Altera-
tions of Il and Il were associated with lesions in the nmedulla
and pons i.e., the cochlear nucl eas, trapezoid body and superi or
olive lesions affecting mdbrain auditory structures were associ a-

ted with changes in waves IV and V.



Picton et al, (1974) concl uded that waves | through IV
represented activity of the auditory nerve and brai nstem auditory
nucl ei, but the ABR waves recorded fromvertex to nmastoid

reflected the conposite contribution of nmultiple generators.

Coff et al, (1977) produced the follow ng tabl e:
ABR conponent waves specific Neural Cenerators
I Acousti c Nerve
|1 Cochl ear Nerve (Medull a)
1] Superior Adivary Conpl ex (Pons)

|V Lateral Lemmi sous (Pons)
\% | nferior Col I'i cul us (M dbrain)
Vi Medi al Genl cul at e (Thal anus)
VI | Audi tory Radi ati on (Thal ano-cortical)

Nor mal Response Paraneters.

Mor phol ogy refers to the visual appearance of waveform
Several investigators observed that wave IV and V often are

fused together into what has been called the 'IV-V Conpl ex' .

Chi ppa et al, (1979) described six variant forns i n nornal

young adults labelled Ato F.

X 3 Ficy 1T
I
VERTEY L
-
! auDITORY TRADIATIONS
N | —
\‘ ' SUPE‘UOR l M ED AL GE NIC UL*TE g&
gLIVARY
vERTEX | NUCLE US . __TNFERIOR CoLLICULUS
AR
| f:_.:t;z'_ieus e R e L RTER A LE P NLSCUS
ﬂCOUSTlc-
NERVE

THE AREAS IN THE BRAIN FRoM WHERE nA@R coMPONENTS EMER
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In normal adult subjects wave-V is the nost frequently
observed conponent of the ABR in response to high intensity
clicks, whereas waves Il and TV are seen with the | east

frequency (Rove, 1970).

Response Lat ency:

The tine relationship between any response and t he stinul us

eliciting that response is commonly called "l atency"
STIMULUS ONSE |
A BSOLUTE LATENC |

_ INTERWRVE LAT—g

Fic JL
Absol ute latency conformto the traditional definition? the

tinme relationship between stimulus onset and associ ated response.

"Interwave | atency” refers to the tine difference between
two conponent waves, exanple, the I-Vinterwave | atency. Both

are typically specified in nultiseConds.

Vari ation between studies for a given ABR wave | atency m ght
reflect the nunber of subjects evaluated and/or the click inten-

sity and fitter settings enpl oyed.
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Absol ute |latency for each ABE Wave

N dick Fitter | | |1 1V, v (M
- intensity
Jewett and - - -
willston 10- 4.6 -
(1971) 11 | 60-70dB 10,000 1.7 5-1
Picton et.al 10-
(1974) 20 | 60dB 3,000 1.5| 2.6/ 3.5/4.3 5.8 7.4
Rosenharrer 180-
et.al (1978) 20 | 60d3 4,500 1.7 2.9/39/5.2 | 59 7.6
Rowe (1978) 25 | 60dB 100- 1.9 293851 58|/7.4
3, 000
Stockard etal . 50 | 60dB 100- 1.8 29 39/5.2 | 58 .
(1978) 3, 000
Chi ppa et. al 50 @ 60dB 100- 1.7 2.8/3.951 | 57 7.3
(1979) 3, 000
I ncreasing tendency to focus on I-111, 111-V and |-V interwave

| atencies is due the informati on made avail abl e by studyi ng t hem
I-111 - W get transmssion tinme through the ponto-nedul |l ary

function and | ower pons.

[11-V - W obtain transmssion tinme fromcaudal pons to caudal
m dbr ai n.
-V - W obtain time needed for inpulses to travel the entire

systemand is sonetimes called "Central™ on "brain-stent

transm ssion tine.

Response Anpl it ude:

Response Anplitude refers to the hieght of a given wave
conponents and it is usually neasured in mcrovolts (M) from
t he peak of the wave to the followi ng trough (assumng that vertex

positive waves are displayed as upward defl ecti ons).
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Rel ative Anplitude of waves is absol ute anplitude of ABR

conponent waves expressed in relation to one anot her.

Starr and Anchor (1975) found that ratio of waves V:I
anpl i tude exceeded 1.0 1in response to click intensities bel ow

65dB.

Factors Affecting BSERA Results:

|. The Effect of Stimulus Paraneters on the ERA
A. The Choi ce of Stinul us:

Several types of acoustic stimuli have been tried out in
various studies. dicks of short duration were used by Perl
Gal anbos and @ ori g (1953) danped sinusoi dal waves were utilised
by Lowel|l and his colleagues (1961); WIIiam and G aham (1963)

used pul ses nade up of the positive half of a pure tone.

It has been observed that it is easier to evoke a response
toclicks than to pure tones. Risetine of aclick is shorter
than the rise tinme of a pure tone, and the cortical activity evoked
by aclick is nore diffuse than with a pure tone (Perl, Gl anbos

and Aorig (1953)y and WIllians and G aham (1963).

Davi s (1965) used tone pips which are fittered clicks at
different frequencies. Recently he pointed out that although
agreenment between voluntary thresholds for PTS and tone pips is
generally good, it tends to be poorer for persons with steeply

sl oped hearing | oss.
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It was also found in a study that the N;- P, anplitude was
greater when the 200Hz tones were out of phase than when they
were in phase. This was considered to be due to a greater popul a-
tion of neurons being stimulated by the out of phase 200Hz
signal than by the in phase 200Hz signal. (Butter and Kl uskens,
1960) .

In a study there was an attenpt made to det er m ne whet her
evoked response reflects the frequency spectrumrate of this
anpl i tude nodul ated signal. It was found that the response to
t he anplitude nodul ated signal showed the effects of habituatlon
In contrast, when this anplitude nodul ated signal was presented
with signals of 200Hz, the response to the anplitude nodul at ed

signal was hardly affected.

B. The Effect of Stinmulus Frequency on the Evoked Response:

D fferences in response detectability was seen w th changes
I n response detectability wth changes in stimlus frequency

(Suzuki and Taguchi, 1963).

Rose and Mal one (1965) using pure tone stimuli having diffe-
rent frequencies between 200-8000Hz but with a 25 m sec. rise-decay
time and a 4000 msec duration, found that on and of f effects did

not vary as a function of tonal frequency.

In another study it was found that the greatest increase in

anpl i tude was associated with the tonal stimuli of 1000Hz, and
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and stinmuli of 250Hz is associated with anplitudes of internediate
size. In contrast the snmallest anplitudes was associated with

stimuli of 6000Hz (Rapin et al.1966).

(Qher investigators state that the frequency of the stimlus
affects the formof the evoked response. Antinoro and Skinner
(1968) exam ned t he evoked responses at 250, 500, 1000, 2000, 4000
and 8000Hz when the stimuli were presented at equal |oudness and
equal sensation |l evels. Peak to peak anplitude decreased under
condition of equal |oudness and equal sensation |evel as frequency

I ncr eased.

This is explained by the theory that at |ower frequency,
there is larger area of disturbance along the basilar nenbrane.
A larger area neans that a |arger nunber of neural elenments wll
be stinulated and the resul tant evoked response anplitude wll be
greater than if a smaller nunber of neural units had been stimul ated

(Evans and Det herage, 1969).

C. HEfect of Stimulus Intensity:

Stimulus intensity is related to the spatial configura-
tion of neural aggregates and the nunber of active neural elenents
present. Intensity of stimulus influences the frequency of giving,

and t he nunber of neural elenents capable of firing (More, 1978).

Intensity is designated as nHL whenever |levels are referred
to the threshold of a panel of normal hearing young adults when

| evel s are reffered to individual's threshold for that stinul us,
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the designation dBSL is preferred. At intensities bel ow 40dB
(approximately) nHL, waves-lI and IIl are seen nore frequently
than Il and IV, but V often as the only renai ning wave in
response to stimulus intensities that approxi mate threshol d

| evel s (Rowe, 1978). Wen wave-V is fused into an undi stingui -
shable I V-V conplex, its resolution is inproved at |ower

stimulus, and intensities (Rowe 1978* stockard et al. 1978).

Bach 10dB decrease in the intensity of the stimuli shows
a correspondingly increase in the latency of each wave. Latency
I s supposed to have an approximately linear relation to the |og

of the stinmulus intensity (More, 1979).

In general a decrease in stimulus intensity is associated
with an increase in conponent wave | atencies (Jewett and
Wl liston, 1971; Jewett et al, 1970; Hecox and Gal anbos, 1974;
Picton et al. 1977, Starr and Achor, 1975; Yanada et al.1975).

Wve- | | at ency was found to increase nore than waves I11-V
when stimulus intensity was decreased in a study (Stockard et al

1979) .

It is also known that ABR anplitude decreases w th decreasing

stimulus intensity.

Rapi n and her associ ates (1966) observed that the anplitude
of the N;- P, conmponent of the click response (N, peak | atency

90- 150 msecy P, peak latency 180-260 msec) increased with intensity



inan irregular and nonuniformmanner. In contrast, the increase
in anplitude was nore regularly and definitely related to changes

in stimulus intensity.

Butter Keidd and sprang (1969) found that the | og anplitude
of the conponent at 60-100 msec increased with intensity accord-
ing to a power function having an exponent of 0.18 at 70 dB or
| ess, and that the log anplitude of the conponent occurring at
100-140 msec increased with intensity according to a power function

havi ng an exponent of 0.27 again for the lower intensities.

It was al so observed that the relationship of the average
evoked response anplitude and sensation |level was a |inear one
for frequenci es between 125Hz and 2000Hz at |evel s between 20 and
100 dBSL. This trend was not consistent at 4KHz and 8KHz
(Antinoro, Skinner and Jones, 1969).

It was found that the anplitude of single unaveraged

responses was |larger for higher intensities.

Rosenblith (1954) using a statistical nodel of nervous system
noted that the recording froman electrode in the nervous system
is really sanple of sunmated activity froma neural popul ation at
that particular spot in the auditory system The nunber of neural

units involved in dependent on intensity.

It was observed that clicks presented in an ascendi ng order
of intensity were associated with raised threshold responses havi ng
reduced anplitude when conpared to responses presented in a

descendi ng order of intensity.



It was al so found that the latency of the 3L conponent
(peak | atency 90-115 m sec), and the P, conponent (peak |atency
170-200 m sec) renai ned constant for clicks, but at 50dBSL t he
| atency for tone bursts was 10-15 m sec. greater than for clicks

of the sane intensity.

D. The Effect of Stimulus Loudness on the Evoked Response:

Loudness is the psychol ogi cal parameter of intensity.

The power function depends on both the range of the response
and the range of the stimulus. Longer intervals between stimul
and restriction of frequency range of the stimuli make for |arger

responses (Keidel and Spreng, 1965).

Allen (1968) found that anplitude of the responses to
bi naural stinulation was about 21%greater than nonaural stiml a-
tion regardl ess of frequency or intensity level. He interpreted

this as binaural stinulation of |oudness.

Further studies concluded that relationships of anplitude
increments to intensity increments are best described as a |inear

function (Awinoro, skinner, 1969).

Ski nner and Antinoro (1970) conpared evoked responses to
50dBSPL pure tone bursts contained within the critical band and
pure tone bursts exceeding the limts of the critical band,
finding no differences in anplitude or latency of the evoked

r esponses.



Evoked potentials of simlar frequency and intensity wll
be variable. The evoked potentials can be considered derivative
in nature for they are present only at the onset and termnation

of along stinmulus (Davis, 1965).

Sutton (1963) has designated t he anplitude changes of the
vertex potential associated with | oudness changes of the stinulus

of the stimulus as a sign and not a code.

E. The Effect of Stinmulus Duration on Evoked Response:

By sinple visual inspection, it is noted that as duration
Is increased from30 to 100 msec,the latency of all conponents
I ncreased (Haskins, MEvoy, and Scott, 1979). Al so the anplitude
of various conponents decreased, and vari ous conponents becone
| ess distinct. However all waves can readily be identified at
t he | ongest duration; although the doubl e peaked wave-1| V-V
conpl ex has nerged into one broad identifiable peak.

As the repetition rate is held constant the interstimlus
intensity is decreased, while the duration is increasing or con-
versely as the interstimilus intensity is decreased, the various
BSER waves are | ess distinct and show an increase in |atency but
a decrease in anplitude.

Satisfactory vertex response fromnornmal hearing subjects
coul d be obtai ned by enpl oying tone pul ses having a duration of
6-64 msec presented at a rate of one per two seconds (Cody and

Buckf ord, 1965) .
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When stimuli of 30 msec and 200 m sec were enpl oyed clinica
accuracy was better at a stinmulation rate of one per 2 second as

conpared to one per second.

It was hypot hesi zed that with the presentation of each stimlus
a neural nenory trace is set up in the brain. The match between
the nmenory trace and the actual stinmulus inproves with each succe-
ssive presentation of the stimulus. The evoked response anplitude
I's a measure of the amount of msmatch which is present, and habi -
tuation can be defined as a reduction in this match. It was noticed
that the anplitudes of the evoked responses showed i ncreasi ng
reduction over tine as the duration of the stimulus presentation
I ncreased (Weber, 1970). By further experinentation weber concl uded
that the observed anplitude reduction was a result of habituation
not a change in central nervous system responsivity. He also
poi nted out that the interval of 28 sec. between runs nakes for
m ni mal central nervous systemrefractoriness. strengthening the
contention that his findings are due to di shabituation.

It was al so found out that of the duration is |less than
0.1 sec it is difficult to obtain responses when stinulus inten-
sity is less than 30d3. |If the duration of the stinulus is greater
than 0. 5 second the tinme spent obtaining the data is unnecessarily
prol onged (Derbyshire et al.1964).

Usually it is not possible to obtain a voluntary evoked response
at the required intensity unless the duration nmatached the tine

needed to obtain the voluntary threshol d.
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Studies indicated that intersubject variability with regard
to stimulus duration necessary for an off-offset was |arge ranging
from800- 1500 m sec (Rose and Mal one, 1965). Skinner and Jones
(1968 ) observed a nmaxi mum peak-to-peak vol t age when the stiml us
duration was 25-750 msec; they indicate agreenent with Davis and
Zerlin (1966) that an increnent in response to anplitude at this
point is probably due to an interaction of the on and off effects.
The anplitude of the off-effect is increasing with stinuli of
| onger duration just as the anplitude of the on-effect is increased

by using longer interstinulus intervals.

F. The Effect of Stimulus Ri se—becay Ti ne on That Evoked Response:

The BSER may be equal |y influenced by various rise-dacay
times of the input signal (K mmel nran Marsh and Yanana et al, 1979;

Koder, H nk and Yanada et al 1979; Suzuki and Horiuchi, 1981).

The neural inpul ses that nmake up the BSER are best excited
by fast rising stinmuli. The latency of various conponents are
also seen to shift to a later tine of occurrence for |onger rise-

decay ti nes.

O dinunition in the magni tude of the various conponents,
a rise-decay tine of 5.0 msec. causes wave-| to disappear into
t he ongoi ng background N of the response trace so that wave-|
and Il are not readily perceptible. So what is denonstrated is
that distinct BSER potentials depend upon a synchronous di scharge

of auditory nerve fibers.
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Fi bers innervating the basal turn of the cochlea fireto a
brief stimulus. The BSER conponents arising fromthe 100 m sec.
risetine is disproportionately weighted towards the basal end of
t he cochl ea. The successive conponents insistently increase in

| atency as a function of increasing rise-tinme.

Hecox et al. (1976) observed that stinulus rise-tine had

t he greatest effect on wave-V | atency.

Goodnman et al (1966) observed that a faster signal rise tine
Is nore effective in evoking EEG response from sl eepi ng reonat es.
Cody and Kliss (1968) examned the evoked response | atency at
65dB and | 5dB at 1000Hz with rise tines of 2.5, 25 and 50 m sec.
they found that latency increased with the increase in rise tine,
and this increase was greater at the lower intensity |levels. At
|l ower intensity levels, aural stinulation takes place when the
signal nears its plateau. At the higher intensity |evels, aura
stimul ation takes place when the signal is relatively distant from

I ts pl at eau.

Further analysis of the nonopol ar recordi ngs reveal ed that a
decrease in rise-tine was associ ated with a decrease in response
| atency and generally with an increase in anplitude. Response to
clicks showed an increase in anplitude when intensity was increased
from10 - 20 - 30dBSL. Responses to signals with 10 msec ri se-
time showed an increase when intensity was increased 10 - 20dBSL
but showed no increase when signal intensity was increased from

20 - 30dBSL.



G The Effect of Stimulus Polarity on the Evoked Response:

It is inportant to check whether stimuli was presented in
a condensation of rarefaction phase, and the starting tinme from
zero. This is inportant since audi ogram shape and |esion | ocation
can influence the BSER waves when condensation and rarefaction
responses are mxed (Coats and Martin, 1977; Om tz and Wal ter,

1975; Omi tz and dsen et al, 1980).

Changing click polarity fromrarefaction to condensation has
been reported to have an influx on the norphol ogy of the IV-V

conpl ex.

Stockard et al (1979) found that wave-1V was nore prom nent

than Vin 70%of subject's responses to rarefaction clicks.

The use of alternating click polarity can affect the norpho-
| ogy of wave-| due to the possible cancellation of out of phase
conponent s when responses to the separate polarities are sunmred

(Stockard et al, 1979).

Om tz and Vl ter (1975) suggested that if the frequency com
position is limted primarily to 4000Hz or above, the |ikelihood

of seeing differential ABRs to clicks opposite polarity is reduced.

H The Effect of the Nunber of stinmuli on the Evoked Response:

For a normal subject in order to observe an average responses,
generally 25 out of 50 stimuli should be heard (Cody and Bi ckf ord,
1965) .



O her studies pointed out that when the stimuli were only
10dB above threshold, it was necessary to present as nmany as 400
stimuli to record an average response (Rapin and her associ at es,

1966) .

Webman and G- aham (1967) pointed out that if sanpl es was
I ncreased beyond 50, the percentage of responses increased but
not significantly. They cautioned agai nst obtaining nore than
100- 125 sanpl es because habi tuati on may t ake pl ace, resulting

in anplification reduction.

Walter (1964) pointed out that when averaging a tine where
signal is in the mdst of white noise, the gain of the signa
over the normal will be proportional to the square root of the

nunber of sanpl es.

|. The Effect of Stinulus Presentation Rate and | at ersti nul us

| nt er val

Increasing the rate of stimulation also increases the |atency,
but decreases t he magni tude of the BSER waves (Canpbel |, PFicton
and Wl fe et al, 1981; More, 1971; Picton et al. 1981). The effect
I s nost pronounced for repetition rates greater than 10/ sec, but

t he effect does not go unnoticed at rates bel ow 10/ sec.

Jewett and WIliston (1971) found that increase in stinmulus
rate significantly decreased the definition of waves | through | V.
Thi s wavef ormdegradation was slight at 10 clicks per second but
quite noticeable at rates of 20/second. Wve-V dom nances appears

to beresistent to rate affects.



In general an increase in absolute latency of all ABR
conponent waves is associated with an increase in stinmulus

repetition rate (Chiappa et al. 1979: Rosenhaner et al, 1978)

Stockard et al.1979; Wber and Fuzi kawa, 1977). It was
found that |-V interwave | atency increased with stimlus repe-

tition rate.

Perl, Galanbos and Aorig (1953) reported that discernible
responses decreased when stimuli were presented too rapidly; the
great est nunber of responses was observed with interstimlus

intervals of 10 sec. or |onger.

Abe (1954) exam ned averaged evoked responses usi ng Dawson's
(1950) phot ographi ¢ superinposition technique, and found t hat
no response coul d be evoked with clicks when the interstimulus
interval was 0.5 sec or less. Wth interstimulus intervals of

0.75 sec, a reduced response coul d be evoked.

McCandl es and Best (1964) exam ned the average evoked response
toclicks presented at rates of 3 per sec, 2 per see, and 1 per sec,
and 0.5 per sec. They found that with stimulus rates of 2 per sec
or faster, response conponents occurring after 80 msec showed
anpl itude reduction and |atency shifts. Wen stimulus repetition
rates of 0.5 per sec or |ess were used, response conponents were

affected very little.

Ininfants it is found that a response will not be evoked
if stimulation rateis too fast. Interstimulus intervals of

10-15 sec were associated with | argest responses (Appl eby et al.1964]
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It has been al so concluded that response anplitudeis
greater when stimuli are presented at slow irregul ar rates.
Rapin (1964) reports that the optinmal rate |ies probably between

one per 3 sec and one per second.

Rot hman Davis and Hay (1964) found out that in 16 of 24
I nst ances, nonuni form stinulation produced responses w th |arger
N;- P, anplitudes than did uniformstinulation. They concl uded
that nonuni formstimul ati on was associated with an increnent in
response anplitude, but this association was not consi stent

across or within subjects.

On considering the Pi- N, Ni- P, and P,- N, Peak anpl it udes
with respect to the intersignal interval, they found that anpli -
tude increased with increase in interstinmulus interval (Nelson

and Lassman, 1968).

Butter (1972) studied the effect on the ERA of the delivery
of sounds fromdifferent azimuths, and found that as angl e between
two sounds was increased to 90", the average evoked response
anpl i tude increased. He suggested that by separating the sounds
| S space, sone neural units activated by sound Awll not be

activated by sound B and vi ce versa.

On presenting tones at therate of one per 2 seconds, it was
observed that the anplitude of the positive conponent, having a

peak | atency of 150-200 m sec, declined the delivery of the first
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stimuli. Wen theinterstinmulus interval was increased to 10 sec.
this drop in anplitude was aot observed. The decrenent in
response anplitude observed with the shorter interstimulus inter-
val s was attributed to refractoriness of the auditory system

not to habituation, because they coul d not denonstrate dehabitua-

t1on.

J. The Effect of stinmulus Repetition:

It was observed that the first of a series of identical
stimuli was nore likely to evoke a discernible response, and the
first response was | arger than subsequent responses (Perl,

Gl anbos and G orig, 1953).

It was found that frontal responses show | ess habituation
When auditory stinmuli are enployed. Visual stimuli showa greater
tendency to produce habituation and tactile stimuli show a still

greater tendency (Walter et al. 1964).

St udi es showed that the anplitude of the vertex potenti al
was | arger when the frequency of the intervening stimili was
nore distant fromthe test frequency. This is because the nore
distant in frequency are the intervening stimilus fromthe test
frequency, the nore neural units are activated and habi tuation
will be greater when the sane or fewer neural units are repeatedly
activated. This was when the frequency of the intervening stinuli

was nearer the frequency of the test stimuli (Butter, 1968).
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K. The Effect of Monaural vs Bi naural Mbde of Presentation

I n neurologically normal subjects with the sane hearing in
both ears, binaural stinmulation usually results in a response of

I ncreased anplitude (Stockard et al.1978).

Stockard al so reported that binaural stinmulation increases

wave |1l to V anplitude, but not the anplitude of waves I and I 1.

L. The Effects of Masking on Evoked Potenti al s:

Masking is said to occur when one sound makes anot her sound
difficult or inpossible to hear or when the threshold of the
signal (the nmaskee) has been el evated by a second signal or none
(the masker). The phenonenon of masking is a conveni ent met hod
of study in frequency anal ysis (Wgel and Lane, 1924), if a signa
of known frequency is interfered with by the introduction of

anot her signals frequency anal ysis has been altered.

Tenporal nmasking is a masking effect in which two sounds are
not simultaneously presented. |If a signal (A occurs before say
a masker (B), a backwards masking paradigmis noted. And if
signal Ais presented after signal B, a forward nasking paradi gm
I's operative. S multaneous nasking occurs if signal A and Masker

B are on at the sane ti ne.

Anant hanar ayan and CGerken recorded t he BSER using a tone-on-tone

forward maski ng paradigm Wave V is prolonged in |atency when
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conpared to the unnasked condition, this is simlar for wave V.
Wave Il exhibited a general reduction in anplitude for the

si mul t aneous naski ng condition and a tendency towards recovery
of anplitude values with increasing t. Wve V also exhibited
a reduction in anplification for the sinultaneous nmasking task,
but exhibiting an increnment in the anplification in the forward

maski ng conditions, this wave enhancenent was t dependent.

These effects are attributed to a peripheral masking effect.
The tenporal sequence that resulted in wave V enhancenent was
conpared to the manner in which rapid spectral change affects

medi al geni cul at e evoked responses.

I . Procedure Effects on Evoked Responses:

Variation in recording technique can influence the paraneters
of obtained ABRs. Exanple, placenent of electrodes nay affect the
response recorded. A nunber of investigators (Jewett and WI i ston,
1971; Martin and Moore, 1977; Picton et al, 1974; Plantz et al
1974; stackard et al.1978) have denonstrated that el ectrode | ocation
around t he ear should be considered active for stimulus rel ated

neurogeni c activity.

BSER recorded with external electrades on vertex and ear | obes,
are excellent for audionetry of young children. The vertex posi -
tive wave with latency of 6 to 9 msec. resenbles closely the action
potential of the auditory nerve, with the same high intensity

short |atency conponent and lowintensity |ong |atency conponent.
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At 1KHz and above, BSER + ECochG shows distinctive sharp
waves wWith clearly defined | atencies and | ow threshol ds t hat
they will alnost certainly prove to be nore reliable and
sensitive at the mddl e and hi gher frequencies than the later

cortical responses.

BSER rests prinmarily on the external placenent of the

el ectrodes, on vertex and ear!| obes.

The response is found to be maxi num at vertex and di m ni shes
gradual |y toward t he nasi on, union and the nastoid process. There
are no significant differences between responses to ipsilateral
and contralateral. It follows that no el ectrode positions can be
used to record the activity generated in the neurons of nuclei

of one ai de.

There are indications that nonol ateral pathol ogy of brain
stemnucl ei can be detected by conparing responses to stimuli

presented on the right, the left and bilaterally.

Brain electrical activity mappi ng of ABR conponents were
studied in normal hearing subjects. The scalp distributions of
t he highest electrical activity of ABR conponents on the scalp
were as follows: (1) The highest electrical activity of wave |
was nost significantly detected on the parietal to the ipsilateral
occipital area; (2) For the wave IIl, the highest area was not

uni formhowever it tended to distribute to the contral atera
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hem sphere; (3) The wave V reveal ed, the high anplitude area at
the parietal portion (fairly contral ateral). Topographi cal
distribution of ABR nmay have its applicability to the topographical

di agnosi s of central |esions.

Stockard et al (1978) observed that Wave | anplitude
i ncreased when responses were referenced to the earl obe instead
of the mastoid process. This wave | anplitude increase effectively
decreased V.| relative anplitude. ABR paraneters were narkedly
al tered when recordings were reference to the contral ateral earl obe
waves | and Il decreased in anplitude, wave Il becone nore
prom nent, wave |V and V were actually clearly separated and wave V

| at ency i ncreased.

The use of filters to elimnate unwanted | ow and hi gh frequency
information is a comon met hod of noi se depression prior to
conput er averagi ng. So, sone investigators prefer broad filter
cut-off points (eg. 30Hz to 3000Hz) in order to avoid the elimna-
tion of potentially useful response characteristics. Thereis a
growi ng trend however, towards the adoption of 100Hz - 3000Hz

bandpass as a standard for clinical applications.

The nmeasurenent of latency requires both stinmulus and response
reference points and the choi ce of reference points varies fromone
i nvestigation to another. Latency neasurenents referred to stinmulus
onset have slightly | onger val ue than when reference i s conputed

time of arrival of stimulus at the ear.



For conputation of |atency different peopl e choose different
poi nts of reference. Wen absolute | atency of a given ABR wave
conponent does not overlap on repeated runs, sone investigators
aver age t he val ues of the two peaks. Wen the peak is broad or
flattened, lines extended fromrising and falling sl ope of the
wave and these intersections is considered to give peak | atency.
Such differences in reference points across studi es can assi st

under st andi ng varying reports of normal absol ute | atency.

A difference in stimulus transducer can al so account for
varied reports of normal ABR paranmeters. Different earphones can
have di fferent resonance characteristics, thereby produci ng
different spectral content which influences the |atency of the

response obt ai ned.

I11. Effect of Subject Paraneters:

|. The Evoked Response During sl eep:

G een (1956) has stated that t he K—eonpl ex, which can be
evoked by stimuli of different nodalities, consisted of a sharp
positive conponent. (The only conponent present in both the
waki ng and sl eeping states, a slow negative conponent, and a bur st
of 12-14 cycl es per second activity). 1In sleep, the latency and
duration of the first conponent increases. The K-conplex, is
concerned with transient stinmuli and is probably correlated with a

crude process of perception.
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Studies also indicated that the response detectability in
sleep is related to the subjects stage of sleep (Derbyshire et al.

1956) .

It was al so found that responses to bursts of randomnoi se
were detected nore easily at near threshold | evel s and t hat
responses showed nore sensitivity to changes in stinmulus inten-
sity during the 2nd and 3rd stage of sleep. Recordings nade after
64 hours of sleep deprivation showed that threshol ds were unchanged,
but sensitivity toincreases in stinmulation intensity was reduced

during the 2nd and 3rd stage of sleep (Wllians et al. 1966).

| nvestigation of the nean peak latencies for the N, snd Ps
conponents reveal ed that they increased throughout the stages of
sl eep when conpared with the | atenci es obtained during the REM
stage of sleep. Latency for the N, conponent increased during the
3rd and 4th stage of sleep conpared to the | atencies of stage 2.
No significant changes in latency were noted for N, between the
awake and REM stage or between stages 3 and 4. Thus it was
concl uded that these average evoked responses represented sumed

"K' conpl exes which are detectable in all stages of sleep.

Onitz et al (1967) examned the anplitude of the N, conponent
whi ch during stage 2 of sleep had a nean peak | atency of 325 m sec.
for adult subjects and 295 msec. for children. The anplitude
was larger during the first 10 mnutes of sleep onset than it

was prior to sleep onset or remaining sleeping.
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Barnet and Goodwi n (1965) found in neonates that during
deeper sleep, there was increased |atency and anplitude to be
found. Akijama et al (1966) on the other hand found no such

di fferences.
1. Effect of Drugs during ERA

(Gody, Kl ass and Buckford (1967) reported using to 20 grains

of chloral hydrate with adult subjects and did not observe any
effect of this drug on the evoked auditory potential .

Ina study with children, 3 ng. of pentobarbital sodi umper
ki | ogram of body wei ght was admnistered and it was concl uded t hat
the sleep induced by this drug was simlar to natural sleep
(Suzuki and Taguchi, 1968).

On using Nenbutal, the tinme of sleep onset varied from
15-80 m secs. and the duration of this action varied between
30 mnutes and nore than 3 hours. It also depressed t he evoked
response obtained fromchildren, but may have accentuated the
P1s0 and Ny»p conponents in the adult response. Brian and
Gestring (1971) found tnat chl oropromazine, triflorpronazine,

nmopr obam i -val i um and chl oroprot hi xen did not affect ERA
[11. The Effect of Anaesthesia on ERA

The effect of hal at hane and sodi umthi opental on the brain
stemresponse was assessed. No effect on the brain stemresponses
was observed to various |evels of anaesthesia, successful hearing
tests were carried out on all the children and results were hel pful

I n their nmanagenent.
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V. The Effect of Sex on Evoked Potenti al s:

| nvestigators denonstrated that the absolute | atency of
wave | was essentially the sane for mal e and fenmal e subj ects,
but wave Il and wave V latency was significantly earlier in
females, i.e. Ill-Vand I-Vinterwave | atencies were [onger in
mal e subj ect s.

Both nornmal and hearing inpaired subjects fenal e subjects,
showed consistently shorter |atency and | onger anplitude at all
age levels. Wave-V |atency was about 0.2 ng. shorter and wave-V

anpl i tude was about 25%l arger in fenal e subjects.
V. The Effect of Age on Evoked Potenti al s:

A study reported that wave V | atency decreased by 0. 3-0.5m sec.
wi th each week of gestational age (schul mann, Gl anbos and Gal anbos

(1970).

A decrease in absolute latency with increased age has al so been
observed through the second year of |ife (Hecox and Gal anbos 1974;
Sal any and McKean, 1976y Salany et al, 1975). Wave V| atency
approaches adult values nmuch later in the infants life than the

val ues for wave |.

MKean (1976) reported a depression in the | atency of waves |

through VI in infants ranging in age from20 hours to 12 nonths.
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The change in nean |atency with age, however was greater for
wave V (1.12 msec) than for wave | (0.41 msec). A soonly
a slight decrease in wave | |atency was observed after 6 to 8
weeks of age, but wave V I atency continued to decrease through

12 nont hs of age.

Anot her study found that the |-V interwave | atency decreased
wWth maturation, in premature and full termnewbonms from7.2 msec
at 25 weeks gestational age to 5.2 msec at 40 weeks gestati onal

age (Starr et al 1979).

The decrease in wave latency in the first 2 years of the
human infant is |ife suggests tnat both peripheral and central
auditory structures are maturing. The differential effect on early
versus | ater waves inplies that peripheral nmaturation precedes

central maturation.

Age rel ated changes are observed in norphol ogy and anplitude

of ABR waves (Lei berman and Salany et al. 1973).

It was al so observed that waves Il and Il began to appear
as separate waves in 6 week old infants, and the pronounced negative
wave was still seen in 62%of these babies. Waves |, Il and ||
were clearly resolved in 3 nonth old intents and t he general wave-
formclosely resenbled that of the adult. Stability of these

responses increased wth age.
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Starr et al (1977) also reported that wave V anplitude
increased wth maturation. On conparing responses of old and
young adults about 0.2 msec. increase with I-111 interwave

| atency was found with increase in age (Rowe, 1978).

Both infant and geriatric subjects display abnornal BSER
adaptati on, wave V |latencies increase nore rapidly for a given

increment in repetition rate, than is nornal.

Thus, the above are the various studies and their findings

on the factors affecting brai n—stem evoked potenti al s.
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VETHODL OGY

Subj ect s:
10 subjects (8 fenales and 2 nales) in the age range of
17 years to 24 years were selected for the purpose of this

study. The subjects had to satisfy the following criteria:-

1. They shoul d have audionetrically and otol ogically

normal ears, i.e.:
a. Hearing sensitivity within 20dBH. (ANSI, 1969) in
t he frequenci es 500Hz, 1KHz, 2KHz, 4KHz.
b. Have no history of any ear ache? eardi scharge, headache,
gi ddi ness, tinnitus, braindanage or been exposed to
| oud sounds.

2. Negative history of any neurol ogi cal conplaints and
epi | epsy.
3. No famly history of hearing | oss.
Equi pnent :

In order to neasure the auditory brain-stem evoked responses,

an el ectric response audi oneter TA-1000 was used.

It is aclinical diagnostic systemincorporating the essentia
precision versatality and reliability in a sinple, conpact and

conveni ent i nstrunent.
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The instrument consists of a stimulating system (a stimulus
generator which feeds the stimuli to a transducer earphone or a
bone conductor) and a recordings system The latter consists of
el ectrodes, anplifiers, fitters, averager and di spl ay toget her

wi th sone device for obtaining a pernmanent record.

Brief Description of the Equi pnent:

TA-1000 system (fromt he Tel edyne Avi onics) consists of the
SLZ 9793 desk-top console; the SLZ 9794 preanplifier and an

accessory group.

The SLZ 9793 consol e contains all of the operating controls,
I ndicates and read acts for the system It provides the patient
auditory stimulus, and accepts patients electrical response from
the preanplifier, signal conditioning and digital averaging
extract the patient's brain stemevoked response or EcochG responses
fromthe background noise. Gscillographic display and ink-on-paper
recordi ng provi de an on-going nonitor as well as a pernanent

record of responses.

The SLZ 9794 preanplifier is atotally isolated EEG pre-
anplifier, with frequency response and gai n specifically designed
for ERA. Patient response is sensed by a set of 3 el ectrodes
and after anplification, is conducted to the console by an inter-

connecting cabl e.
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There is also a set of standard siloer chloride el ectrodes,
TDH 39 ear phones and circunaural cushions MX-41/ AR Calibrated
paper to record the responses are al so available, along with
el ectrol yte gel, adhesive tape and spirit to conduct the experi-

ment .

Functions of the control:

The TA-1000 is operated with 4 knobs and 9 push button

switches. All knobs are clearly narked to indicate their function.

The Push Button sw t ches:

Push button switches are of two types; alternate acting, i.e.
push ON, Push-CFF and nonentary acting, i.e. push toinitiate.
Al push buttons indicate, by nmeans of internal |anps, the active
state of the selected function. Unwanted or illogical functions

are internally inhibited.

The vari ous push buttons are;

1. The alternate acting PONER sw tch energi zes the system and
i ndi cates t he system st at us.

2. The alternate acting SCOPE switch controls the Gscill oscope
di spl ay.

3. The all acting AIR LEFT and Al R- R GHT push button apply the
stimulus to the desired earphone.

4. The alternate acting MASK push button applies broad-band
noi se masking to the contral ateral ear only when either

AR LEFT or AR R CGHT stimulus is acti ve.
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The al ternate acting BONE push buttons applies stinmulus

only 2KHz and 4KHz stimulus to bone vibrator transducer.

The nonentary acting CLEAR push button clears the m cro-
processor averager nenory, resets the sanpl e display counter
and corrects the m croprocessor operating node to correspond
to the current control status.

The nonentary acting START/ STCP push button initiates the

m cr o- processor averages function. Averages function is
automatically termnated when the selected nunber of

sanpl es has accumul ated, or when any average nenory channel
Is fully autonatic termnation requires a CLEARto permt
restart.

The nonentary acting RECCRD push button initiates the plotter

readout, if the averages is not active.

The vari ous knobs are:
The STIMULUS function switch permts selection of 2KHz, 4KHz
or 6 KHz | ogon equivalent frequencies at 5 or 20 stimuli per
second and patient's response intervals of 10ns or 20ns
I mredi ately follow ng stinulus.
The SCALE function switch permts selection of system sensi-
tivity and nunber of averaged response sanples. For 2048
sanples 0.2uv, Qb5uv, 1 uv and 2 uv per division sensiti-
vities are avail able. Readout of the accumul ated nunber of
sanples is displayed in digital form directly belowthis

control.
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3. The STI MLUS ATTENUATCR est abl i shes the presentation | evel
of the stimulus, in dBHL (fromOdBHL to 100dBHL) .

4. The LATENCY control knob provides a cursor nmark on the
osci | | oscope di splay of the BSER wave for a precise deter-
mnation of |atency. Readout of latency in msec to
0.1 msec is displayed in digital fromdirectly above this

contr ol

Test Envi ronnent:

The study was carried out in a roomaway fromnoi se sources
and el ectrical appliances as fans etc, were put off. The room

was away from excessive vibrations.

For good results the subject was made to recline rel axed,

confortabl e and isolated fromdisturbing influences. The roomwas

kept dimy |ighted.
Sedation is used only in cases of youngor active children

Test Procedure:

Subj ect was asked to lie down on a bed with a pillow under his
head and neck to rel ax the neck nmuscles. The subject was asked

to make hinsel f confortable and rel ax.

Surface el ectrodes were then placed. Before placenent of the
el ectrodes the skin and the el ectrodes was cleaned with spirit.
Bl ectrode gel was sneared on the electrode in sufficient quantities.

Each el ectrode was then fixed to the skin with the hel p of adhesive

t ape.
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The subjects were required to feel relaxed and confortabl e
with electrodes within 10-15 msec after their placenent.
The pl acenent of the el ectrodes were done as fol |l ows:
1. White or reference el ectrode on mastoid of the ear i.e,
right ear.
2. Black or ground el ectrode on nmastoid of the non-test ear,
I.e. test ear.

3. Red or signal electrode on high forehead.

After the red light on the preanplifier, beside the sanple

count er di sappeared, the earphones for AC | ogon stimuli were pl aced.

The power switch was put on. The TWF RUN EBG sw tch was put
on "RUN' position. The scale switch was set to 2048 sanpl es and

2uv/ di vi si on.

The 10 subjects were tested at the frequencies 2 KHz and 4KHz
at the intensities of 80 and 60dBHL. The subject's response inter-
vals of 10 msec and 20 msec was noted at each of the above given

frequencies and intensities.

Latencies of all the seven peaks were noted down when they
were present. |f any peaks were observed as bei ng absent that toe

was not ed down.

Subj ects were tested in a single session |asting for about
one hour. They were tested only with presentation of the stinuli

inthe right ear.



The test data was rejected wheat
1. The limt light flickered often during the testing, and
2. The conputer stopped before reachi ng 2048 sanpl es.
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RESULTS AMD DI SCUSSI ON

The study had ainmed at studying the effect of 10 ms. and
20 ms. settings on the response pattern as well as inter-peak
| atencies at 2 KHz at 60dB and 8CdBHL.

Treat rent of Dat a:

The follow ng were determ ned:

a) The Differences in |atencies betwen peaks at 20 ns and
10 ms settings, separately for each of the frequencies
(i.e. 2KHz and 4KHz) at each of the two levels (i.e.
80dBHL and 60dBHL).

b) Means and Standard Deviation of differences in |atencies
bet ween peaks, separately for each of the two frequencies
(i.e. 2KHz and 4KHz), and at each of the two levels (i.e.
80dBHL and 60dBHL) .

Fromthe above data obtained results were inferred and

di scussed.

In Table-1 the differences in |atencies between peaks at
10 ns and 20 ns settings at 2KHz and 4 KHz at the |evels of
60dBHL and 80dBHL have been tabul ated separately.

Tabl e-11 presents the Mean and Standard Devi ation val ues
obtained fromthe use of data fromTable-1 at difference

frequencies and intensities.
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Table-1: The Differences in | atencies between peaks at 20ns. and 10ns.
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DI SAUSSI ON

It is seen that there is no significant difference between
the Mean obtained for the 2 settings at different frequencies as

well as intensities (Table-111).

Testing at 20 ms. setting, peaks IV, VI and M| are found
to be mssing on neasuring at 2KHz, at 60dBHL as wel | as 80dBHL

This is not so in case at 4KHz neasur ement s.

The reason for the di sappearance of the IV, VI and VI1 peaks
could be due to the inability of these areas to perceive at
patient's response interval of 20nms. WAve V dom nances appear to
be resistant to these effects. At the response intervals of 10 ns.

t hese peaks is easily perceivable.

Thus, the present study has established that both 10ns and
20 ns settings can be utilized while testing adults (as has been
donein this study), except that at 2 KHz 3 peaks IV, VI, and V|

are found to be m ssing.

To put it clearly at 4KHz, at 60 dBHL as wel | as 60dBHL, no
significant differences would be found whil e nmeasuring at the two
settings of 10nms and 20nms. Wiereas differences will be seen in

terns of the mssing peaks (IV, VI, VIl) at 2KHz neasurenents.



Table-111: Significance of Dfferences ia |atencies

bet ween peaks:

Intensity 2KHz

80dBHL No significant
di ff erence.

60dBHL No significant
di fference

4KHz

No significant
D fference.

No significant
di ff erence.
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SUWARY AND CONCLUSI ON

SUMVARY:

The study ained at establishing of any significant diffe-
rences were observed at the settings 10ns and 20ns on the
readi ngs and response obt ai ned.

Ten subjects with nornmal hearing in the age range of 17
years to 24 years were selected for the purpose of the study.
They were tested at the 2 settings at 2 KHz and 4KHz at the
| evel s of 60dBHL and 80dBHL.

It was seen that at 4KHz no significant differences were
observed in the latencies at the 2 settings. But at 2 KHz,
though there were no significant differences in |atencies at
the two settings, peaks IV, VI and VI were observed to be

m Ssi ng.

| nplications of the study:

As can be inferred fromthe results, the study inplies
that using the settings of 20ns and 10ns response intervals,
no significant differences would be found in the |atencies.
Only at 2KHz, 3 peaks (IV, VI and VII) were found to be m ssing

at subjects response intervals of 20ns.

Thus, the 2 settings can be used to obtai ned BSERA

readi ngs at 4KHz wi thout hesitation.



5]

Limtations:

The study was done using only two frequencies 2KHz and
4KHz, as well as only two |evels 80dBHL and 60dBHL. The study
coul d be conducted at a wi der range of frequencies and inten-
sities to Check and see if any significant differences woul d

resul t.
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