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| NTRODUCTI ON

Along with the progress in science and technol ogy, the
met hods involved in audiol ogical testing have al so progressed
a great way, starting fromthe sinple pure tone audionetry to
the recent nore sophisticated approaches such as neasurenent

of oto-acoustic em ssions and auditory evoked potenti als.

Auditory evoked potentials (AEPs) are used in the
assessnent and nonitoring of audi ol ogi c, otol ogi c and
neurol ogi ¢ di sorders. Al though clinical use S stil
evolving, these are nethods that promse to provide nore

focal infornation about site/level of |esion.

In general it is expected that AEP neasurenent, nethods
and procedures will continue to develop and be refined as
knowl edge of the AEP generators expands and as clinical needs
evolve. The auditory evoked potentials can be sub-divided on
the basis of where and when they occur. Wwen a signal is
i ntroduced into the ear there are imediate electrica
responses in the inner ear. As the signal 1is propagated
along the auditory pat hway, nmore tinme el apses bet ween
introduction of a stimulus and occurrence of the response.
Early AEPs that occur in the first 10 mlli secs, after the

introduction & a signal are believed to originate in the



brain stem and are called auditory brain stemresponse. AEPS
occurring from10 to 50 mllisecs in Jlatency are called
auditory mddle |atency response (MR} and probably originate

inthe auditory cortex (Ceisler, et al. 1958).

Picton, et al. (1974) described the various conponents
of the human auditory evoked potentials including the MR
The MLR is characterized by several scalp or vertex negative
and positive peaks (as shown inFig. 1) including N18 (Na),
P30 (Pa) and P50 (Po or P1l). The approximate interpeak

| atency of the nobst prom nent peak of the ABR (VWave V) and
Pais 25 ms. (Goldstein and Rodman, 1967).

.
Pb

Na,

Nb

Fig 1
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Researcher's argue over the fact that MR may be of
neur ogeni ¢ or myogenic origin. In addition to the neura
generators, several scalp nuscles produce sononotor reflexes
that may contribute to the MLR At relatively high stinmulus
intensities, several reflexes originating from scal p
muscul ature occur within a post stimulus |atency range of
7.50 ms. Therefore Bickford, et al. (1964) concluded that
MR was a purely nyogenlc rather than mxed or neurogenic
scal p-recorded response. However, GCeisler (1964) felt that
only the anplitude of the response was affected by nuscle and

that the basic of the response was neural.

In 1983, Kilen, et al. observed that MLRs at a noderate
intensity level (60 dB nHL) ere usually not associated with a
postauricular nmuscle reflex in 12 patients. Miscle paralysis
i nduced by pancuroni um brought about m ninmal changes in MR

configuration and peak | atencies.

The variables affecting MLR can be grouped as factors
related to stimuli, procedure and subject. Sone of the
variables related to stimuli are type, frequency, intensity,
nunber of stimuli and rate of stinmuli. Recording paraneters
i ncl ude pl ace of el ectrode and filter characteristics.
Subj ect related factors include age, gender, sleep, drugs,

anaest hesi a and nuscl e tone.



It appears that response filtering, stimulus repetition
rate and sl eep st age all significantly i nfl uence t he
anplitude, |atency and/or the detectability of Pa in
children (Kraus, et al. 1987).

MR is |ess dependent than the ABR on neural synchrony,
(Mivion, et al. 1980). MR has advantages in the clinica
assessnent of |ow frequency hearing, since those nerve fibres

show poorer synchrony.

It has been denonstrated in adults that the MR wll

accurately reflect low frequency hearing thresholds (Zerlin

and Naunton, 1974).

MR in children, is of chief interest, however, because
an accurate electrophysiologic neasure of low frequency
hearing thresholds is essential to the appropriate managenent
of hearing loss in children too young to be tested by
behavi oral audionetric nethods. MLR  can also be wused
clinically in the assessnment of cochlear inplant function,
t he assessnent of audi tory pat hway function and t he

| ocal i sation of auditory pathway | esions.
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It is of wutnost inportance that normative data are
collected before using the ML(R on clinical population as a
ot of variables <can affect MLR  Many attenpts have been
made to conpare MR waveforns of neonates, young children and
adults. Nunerous studies have denonstrated that the MR is
obtai ned inconsistently in children (Engel, 1971; Skinner and
G attke, 1977; Okitsu, 1984; Hirabayashi, 1979; Suzuki, et
al . 1983 a; Kraus, et al. 1985; Stapells, et al. 1988). Most
of these studies have focussed on wave Pa, which is reliable

and robust in adults.

Frombirth to adol escence, the detectability of wave Pa
i ncreases nonotonically, from20%at birth to 90% at 12 years

of age (Kraus, et al. 1985).

The response follows a systematic devel opnental course,
and the trend of increased detectability with age exists
regardl ess of whether the child is normally devel oping or has
any of a wde range of neurologic, cognitive, or speech and
| anguage disorders. A trend of increased MR detectability
with age has also been observed in the nore controlled
context of an animal nodel (Kraus, et al. 1987; Kraus, 1988).
Thus both human and aninal data suggest that a systematic
devel opnental process underlies the detectability of MR

Waves.
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Cenerators involving the primary auditory thalanus
cortical pathway are responsible for the robust MR typically
seen in adults and are always active {Kraus, et al. 1988).
QG her inconsistently active generators such as the reticular
formation and the non- pri nary auditory pathway also
contribute to the response. Wthout the primary pathway
contribution the response comes and goes depending upon the

patient's |evel of alertness.

In adults, it is the primary thalanmo - cortical pathway,
that inparts stability to the response, making it
consi stently detectable regardless  of sleep stage. In
children, this system is only partially devel oped, not
reaching maturity until puberty. The observed MLR is then
domnated by the other, nore labile generators. There is
evidence that nyelinization of the human thal ano-cortica
pat hway and sensory cortex continues until puberty (Yakovlev

and Lecours, 1967; Rabinowi cz et al. 1977).

The systenatic devel opnment of MR conponents observed in
humans is consistent with such a maturational process (Kraus,
Smth, and Reed, 1985). Therefore  devel opnent of the
tenporal lobe and the auditory thal ano-cortical pathway may

account for increases in detectability with age.



Ainical Wility

The MLR is wused clinically in the electrophysiologic
determnation of hearing thresholds in the |ower frequency
range. It is wused as a neasure of establishing threshold
because of its frequency specificity. | t has  been
established that the MR threshold will be w thin 10-30 dBnH.
of behavi oural neasure (Madell and Coldstein, 1972; Vivion,
Wl f, Coldstein, et al. 1979; Frye-Gsier, Vivion et al.
1980). It has been denonstrated in adults that the MMR wi ||
accurately reflect low frequency hearing thresholds (Zerlin
and Naunton, 1974; Scherg and Vol k, 1983). MR in children
is of chief I nterest, however, since an accurate
el ectrophysi ol ogi ¢ neasure of |ow frequency hearing the holds
Is essential to the appropriate nmanagenent of hearing loss in

children too young to be tested by behavioural audionetric

nmet hods.

MR can also be wused as a neans of neurootol ogica
diagnosis. It gives us information about the integrity of
audi tory pat hways when considered along wth other auditory

evoked potenti al s.

The hearing-inpaired show a slight increase in anplitude

and reduction in latencies of MLR according to MFarland et



al. (1977); Robinson and Rudge (1977) reported significant
| atency delays but no anplitude abnornmalities in multiple
sclerosis patients. A normal Pa conponent was noticed
in bilateral tenporal |obe infarction (Parring et al. 1980).
MR in nmentally handi capped does not show any significant
differences in detect ability of Na and Pa but BR has better
repeatability in such cases (Smth et al. 1983).

Harker and  Backof f (1981) while studying acoustic
neuronma cases, noticed a general increase in latency. The
cases with large tunors showed |ow fal se negative responses
conpared to cases wth small tunors. So these researchers
suggest that MR can be used as a predictive tool for size of

tunors.

M.R can also be used as an objective index of cochlear
i nplant function (Qurali, 1985). Hectrical MLRis providing
useful with cochlear inplant patients in the pre-operative
assessnment of surviving neural elenents of the centra
auditory system and as an objective neasure of threshold and

confort level settings post-operatively.

The present study ains at studying age related
variations in MLR waveforns, conparing young normnal children

wth adul ts.



The present study ains at studying :

1. The anplitude, |atency and norphol ogy of the MR waveform

at various intensities of the MR waveform

2. Conparing the MR waveforns of normal young children (7-10
years) and adults (18-35 years).
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REVI EW CF LI TERATURE

The mddle latency response (MR was one of the first
auditory evoked potentials to be discovered. Mnitoring of
spont aneous bio-electric activity from the central nervous
system and recording this from the human scalp was first
descri bed by Berger (1929). After ten years Davis gave
effects of auditory stimulation on human brain wave (Davis,
1939). These effects were termed as electroencephalic
responses. The process of extracting stimulus related bio-
electric events fromthe ongoing EEG activity set the stage
for future clinical developnment in various aspects of what

was called as electric response audionetry (ERA) by Davis
(1976) .

A assification (Davis and Oaen (1985) have classified AEP
based on their latency and origin as

Response Lat ency range Qigin

Cochl ear 0-4 nsec Cochl ea

Early 2-15 nsec Cranial nerve VIl and brain
stem

M ddl e 15-50 nsec Br ai nst em md-brain and
cortex

Late 50- 300 nsec Primary and secondary

auditory cortex
Ohe of the inportant auditory evoked responses is the

mddl e |atency response. The AMR is observed in a tinme
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peri od between about 12 nsec, and 50 nsec. As typically
recorded with one non-inverting electrode on the scalp of the
head (in the mdline at the vertex or high forehead |ocation,
or on the side of the head approximately mdway between the
ear and the vertex) and another (inverting) electrode near
the ear(s), AMLR waves appear wth positive voltage plotted
upwar d. Fol | owi ng nonencl ature i ntroduced by Gol dstein
(1967), each positive voltage wave is |abeled with an upper
case "P" and each negative voltage wave is |abeled with an
upper case "N'. The sequence of waves S denot ed
al phabetically in lower case (eg. Na, Pa, Nb and Pb). This

system for |abeling AMR waves is now al nost universal. Sone

AMLR wavefornms will show a small positive wave before Pa,
usually labelled "Po". It is likely that Po is actually not
a true conponent in the AMR - that is, not a neurogenic
conponent (arising fromthe nervous system, but rather a

reflection of postauricul ar nmuscl e activity (CGol dstein
1967) .

Al t hough auditory conponents in the EEG were discovered
earlier using rather sinple superinposition nethods, the AMLR
was the first AER to be recorded wth conputer averaging

techni ques (Ceisler, Frishkopf and Rosenblith, 1958).
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Ceisler et al. (1958) said MR originated fromthe
cortex. They cane to this conclusion because of the
following reasons. Repeated evaluation in the sane subject

gives the sane results

- MR can be recorded froma w de area of scalp.

- Bilateral response is evoked even on a nonoaural
stimul ation.

- Symmetrical placenment of el ectrodes show same response.

- Latencies are conparable to onset |atency of somatosensory

and vi sual systens.

Ruhmet al. (1967) recorded MRs from the exposed
cerebral cortex of humans and found MRs wth simlar
intensity and norphol ogi cal characteristics. They said this
indicate that MLR i s a neurogeni c response. Harket et al.
(1967); Celesia et al. (1968), Celesia and Puletta (1969,
1971) support these findings.

Rome (1981) listed a few reasons as to the non-agreenent
about site of origin.

- The electrodes are placed away fromthe neural generators

- Ipsilateral and contral ateral pathway are present.
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- Simultaneous activity of generators.

- Overlapping activity of nmultiple sites.

Al these factors would make it difficult to cone to a

deci si on about the exact point of origin of MLR in the brain.

A large nunber of studies have been carried out on
humans (Wod and Wol paw, 1952; Vaugha and Ritter, 1970;
Picton, et al. 1974; Celesia, 1976; Picton, et al. 1974;
Cel esia, 1976; Coff et al. 1977, Cohen, 1982; damar and
Stein, 1982; (zdamar et al. 1982) and on aninals (Arezzo et
al . 1975; Kaga et al. 1980; Norman et al. 1981) to determ ne

the area of origin of MR However a general consensus is

still lacking.

Ceisler et al. (1958); Picton et al. (1974); Davis
(1976b) report origin of earlier conponents of MR that 1is
No, Po, Na to be the nedial geniculate body and poly sensory
nucl ei of thalanmus while later portions originate froma w de
area of association cortex. Ckitsu et al. (1977) say that
origin of peak Po may be different fromthat of the later Na
and Pa. Picton and Smth (1978) found simlarity between
animal cortical responses and human MRs which reflect

activation of thalanus and cerebral cortex.
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Buchwald et al. (1981) localised origin of Pa to nedial
rostral, md brain retlicular formation and projection of
t hal anus. Po was localized to primary auditory cortex.
Hashi noto (1982) attributed the origin of No, Po, Na to post
synaptic activity frominferior colliculus. VWhen nmultiple
coronal electrode array was used, Pa was found to be at
the level of sylvian fissure. This is suggestive of a dipole
source in the superior tenporal plane (Cohen, 1982). Kaga

et al. (1980) in an experinent with animals showed the
anterior part of contralateral primary auditory cortex to be
the generator site of Pa. Even though Pa is w despread over

human scal p, latencies may slightly differ for different
el ectrode | ocati ons. I f hem spheric asymmetry is seen, It
may i ndicate sonme diagnostic condition (Kraus, et al. 1982).
Amplitude of Na and No were found to be evenly distributed

across surface of head by Paccioretti et al. 1987).

Uchida et al. (1979) conducted an experinent in cats
under general anaesthesi a. The effect of wunilateral and
bi | ateral nedi an genicul ate body destruction was noted.
According to them the generation of MR is from upper |eve
of superior colliculus. The Na conponent is due to
contral ateral nedian geniculate body (M3B) while Pa is a

conpound response from a w de area.
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FACTORS AFFECTI NG MR

There are two types of paraneters which affect the M.Rs.
They are exogenous factors and endogenous factors. Exogenous
factors are - factors which are related to stimuli,
instrunent used for the test and recording paraneters |like
filter characteristics etc. Endogenous factors are subject

related factors such as sleep, drugs, anaesthesia, nuscle

tone etc.

Stimulus related factors are -

Type of stimul us
Intensity of stinmulus
Frequency of stimulus
Nunber of stinulus

Rate of stimulus presentation

o o M W o=

R se-fall time and duration

Types of stinmuli

There are different stimuli using which MR can be

elicited. They are tone pips, tone bursts, filtered clicks,

unfiltered clicks, |ogans etc.
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The initial studies of MLR were carried out using clicks

as stinmuli. Zerlin et al. (1971) advocated the use of |/3rd
octave filter clicks. They reported that filtered clicks
elicited clearer waveforns than tone burst. Zerlin and

Naunton (1974); Zerlin, et . al. (1973); have reported that
clicks evoke greater anplitude changes conpared to tone
burst. Kilney and Shea (1986) found that clicks evoked well
defined and easily identifiable MR A so the anplitude of

Na and Pa were |arger than when tone bursts were used.

O the other hand Kupperman and Mendel (1974) preferred

use of gated tone bursts with a rise time of 2.5 nsec and a

duration of 2 nsec. Using either of these stinuli, that is,
filtered clicks or gated tone bursts, it was possible to
obtain frequency specific stimuli in the range of 500-8000
Hz.

Maurizi et al. (1984) conpared MR waveforns of tone
pi ps and cli cks. The results indicated that tone pips
provi ded nore frequency specificity than clicks. Pa, Na, Pb
and No showed greater latency but snaller anplitude for tone

pips. This they attributed to asynchrony of response evoked

by tone pips.
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Tonal stimuli are found to give frequency specific
responses conpared to clicks (Mbushegi an, et al. 1973;
Kupper man and Mendel , 1974; MFarland, et al. 1977; Thornton,
et al. 1977). Low frequency tone bursts are found effective
In obtaining response from adults who are awake (Misiek and
CGeur ki nk, 1981).

Electrical stimulation can also be used for recording.
No significant difference between latencies of electrically
and acoustically evoked waveforns in guinea pigs have been
reported (Burton, MIller, and Kileny, 1989). In profoundly
deaf ears electric MRs were present. Latency of nost
prom nent positive peak was simlar around 20-30 nms. to the

| at ency of acoustic MR (Kemnk, Kileny and Arbon, 1989).

Intensity of the stinulus

As the stimulus intensity increases, anplitude of the
M.R wave increases ((oldstein and Rodman, 1967; Mendel, 1974;
Thornton, et al. 1974; Picton et al. 1977). Qzdamar and
Kraus (1983) reported that anplitude of mddle conponent
| evel s off at about 50-60 dB. ol dstein and Rodman (1967)
found that though the I|atencies appeared stable the peaks
becone less well defined as the stimilus intensity reached

threshol d. Kuppernman and Mendel (1974) reported of absence
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of systematic growth in anplitude with an increase in

intensity of tone pipes.

At higher intensity levels, the waveform may change
suddenly. Thornton (1975) has attributed this to inclusion

of nyogeni ¢ conponents.

Frequency of stimulus

dicks do not seemto yield as distinct a mddle |atency
response as do tone bursts (Kiang, et al. 1963; Bickford et
al. 1964).

Latency for each peak reduces wth increased stimlus
frequencies. Further, linear changes in anplitude are noted

for early peaks with increase in stimulus frequency.

Kupperman (1970) denonstrated that the m ddl e conponent
was nore dependent on the stimulus type, than the stimlus

frequency.

R se-fall tine duration

MR is considered an 'onset' response, i.e. it depends

upon the onset of stinulus. Use of faster rise tine gives
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nore consistent and clearer responses. Skinner and Antinoro
(1971) found that rise time greater than 25 nsec, did not
produce suitable response.

Aicks have a faster rise time than tone pips or tone
bursts. They elicit waveforns which have |arger anplitudes

(Zerlin et al., 1973; Zerlin and Naunton, 1974).

There is no effect on MLR waveformw th change in decay

tine as it is a "on response".

Kupper man and Gol dstein (1974) used a 1000 Hz, 50 dB SL
tone burst, rise tinmes of 5, 10, 15 and 25 nsec with duration
of 20-40 nsec, were used. The early conponents of MR are
not affected by a conbination but Ilater waves show an

I ncrease in anplitude when 25 nsec, rise-decay tine was used.

Wen the rise-day tinme or duration was | ncr eased,
|atency rised of 1-3 nsec was noticed for all MR peaks. A
the same tinme, there was an overall reduction in anplitude at
all intensity levels (Mivion, Hi rsch, Feye- Gsi er and
Gol dstein, 1982).
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Rate of stimuli

Stimulus rate is nothing but the nunber of tines it is

repeated per unit of tine.

Mendel (1973) has reported that a change in repetition
rate has little effect on the anplitude of the response. A
change in repetition rate from1-16 stinmuli per second has no
effect on mddle latency response anplitudes (MFarland, et
al. 1975). However, when repetition rate is increased beyond
16/sec. a reduction in the overall anplitude may be seen

(Goldstein et al. 1972; MFarland, et al. 1979).

MRandle et al. (1974) found a nunber of 250 stimuli
sufficient with a stimul ation rate of 4.5/sec and 512

stimuli with a rate of 9/sec.

Jerger et al. (1987) reported that MR nay undergo rapid
adaptation and augnentation at rates of 1/sec and 2.5 sec. A
majority of studies have used repetition rates of 9/ sec
(Mendel, 1977). The nmajority of investigators of the AMR

and clinicians applying AMLR have used a stimulus rate in the

8-11 sec, range.
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There is no standard or invariably correct nunber of
sweeps (stimulus repetitions) in AER neasurenent. The |arger
the signal and/or the smaller the anount of noise, the fewer
repetitions are necessary, and vice versa wth conparable
amounts of noise, then, nore repetitions wll be needed for

the typically snmaller short-I|atency responses.

NUMBER O STI ML

The MLRs are usually obtained after 400-500 stinmnulus
presentation although. MFarland, Vivion, WIf and ol dstein
(1978) nmanage to obtain clear recordings after only 125
stimuli. Hortwitz and Larson and Sances (1966) have stated
that between 200-400 stinmuli should be presented to obtain an
average response. Lawe, Kupperman and oldstein used, 1024
stimuli to obtain an average. I ncreasing the nunber of
stimuli, increases the anplitude of the wave form But
several authors say that increasing the nunber of stimuli
from 1000 to 4000 does not increase the ease of
I dentification of MLR MRandle et al. (1974) found a
nunber of 256 stimuli sufficient with a stinmulation rate of

4.5/sec and 512 stimuli with a rate of 9.6/sec.
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Ef fect of masking: Monoaural vs binaural stimnulation:

In general, anplitude for the AMR Pa conponent is
smal ler for true binaural recordings than for the sum of
nonaur al responses (Dobie and Norton, 1980; Ski nner and
Shinota, 1973; Peters and Mendel, 1974; (zdanmar, Kraus and
G ossmann, 1986).

Wods and d ayworth (1985) found evidence of a binaura
difference waveformin AWMLR recordings from 12  normal
subj ects. They observed that wave Pa anplitude val ues were
about 20% larger and latencies about 1.5 nsec, |onger for
bi naural versus nonaural stinulation. Na anplitude was
| arger and latency shorter when recorded with an inverting
electrode on the stimulus - <contralateral mastoid versus

an ipsilateral |ocation.

There was little inverting electrode effect on the Pa
conponent anplitude or | at ency. The actual binaurally
stinualted AMLR Pa anplitude was snaller than the anplitude

for the summed nonaural condition.

In conparing AMRs for nonaural  versus bi naur a
stimulation, it is very inportant to elimnate the possible

I nfl uences of post auricul ar muscle artifacts. These
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artifacts are nore likely to be present in the binaura
condition, due to greater stimulus intensity, and if present,
they will preclude valid nonaural versus binaural data

anal ysi s.

Stimulus intensity does not appear to Influence the
| i kel i hood or magnitude of AMR binaural interaction. This
Is taken as evidence that stimulus cross over effects are not

a concern in Bl studies of AMLR (Dobie and Norton, 1980).

However, masking noise presented to the contralatera
ear during nonaural stimulation does significantly increase
anplitude of major AMR conponents, based on experinenta
findings in guinea pig (xdamar, Kraus and G ossnman, 1986).
Generalisation of aninal findings to humans is, of course

not necessarily possi bl e.

Recor di ng paraneters

Pl ace of el ectrode :

There are basically tw kinds of electrode arrays.
| psilateral mastoid (-) to high forehead (+) and ipsilateral

mastoid {-) to vertex (+). According to Kavanagh and d ark
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(1989) both these arrays have equal efficacy in recording ABR

and MLR in open as well as closed filter conditions.

Mastoid to high forehead array was preferred by several
authors (Beattie, et al., 1983; Bettie, 1984; Hall et al.
1984; Suzuki, et al. 1981).

The forehead placenent is usuallypreferred because it
elimnates placenent of electrode gel in hair. The forehead

pl acenment is usually preferred because -

- it noves electrode away from ear phone head band whi ch can
cause di sconfort and di sl odgenent of el ectrode.

- it allows easy achievenent of |ow el ectrode inpedance.

Beatti, et al. (1986) says that this array remt in 34%
reduction in response anplitude. The nean Po-Na anplitude is
found larger in forehead el ectrode array. Mean Na-Pa and Pa-

No anplitude is larger in vertex array.

The anplitude of No-Pb was snmall and ill defined in both
cases. (Oohen (1982) and Wod and Wol paw (1982) al so report
that the maxi num evoked anplitude is obtained on the mdscalp
anterior to Cz. But very little difference in waveform or
magni t ude between these two electrodes has been reported by
Suzuki, et al. (1981).
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The trend in AMR neasurenent, however, is clearly
toward nultiples calp sites for non-inverting electrodes.
Rationale for this nmeasurenent is stated in relation to

suspected neurogenerators and clinical correlations for AMLR

Filter Characteristics

Filtering is wusually wused in AMLR recording, to reduce
the unwanted influence of |owfrequency EEG activity as a
source of noise in the response. Filter settings, especially
t he high-pass filter cut-off frequency are an extrenely
important variable in AMLR neasurement (Jerger, Cham el,

G aze and Frost, 1987; Kileny, 1983).

Scherg (1982 b) sinulated analog filtering digitally,
using a 24 dB/octave slope and assessed filter effects on
AMLR wavef or m nor phol ogy. Low pass analog filtering, as
expected, tended to produce a very snooth waveform and
increased latency for conponents Na, Pa and Nb. Hi gh pass

filtering however, resulted in the nost marked waveform

di stortion.

Increasing the high pass filter setting from 1 Hz

actually was associated wth greater anplitude of some
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conponents due to filter oscillations generated by earlier
conponents. Latency of Pa shortened as the high pass cut-off
was reduced fromthe wide setting (1 Hz) and by 40 Hz, there
was a polarity reversal of the Pa conponent. Q eater

wavef orm di stortion is observed with steeper filter slopes.

Further extending the cut off frequency of the high-pass
filter downward below 15 Hz nmay however, not always be
desirable in clinical AMLR neasurenents. In a study of AMLR
recordings in 217 patients ranging in age from 6 days to 20
years, Kraus, Reed, Smth, Stein, and Cartee (1987) found
that the likelihood of observing the Na and Pa conponents was
greater for a high-pass filter setting of 15 Hz (12 dB/ octave
slope) than for one of 3 Hz (6 dB/octave sl ope). These
authors attributed the nore favourable findings with the 15
Hz cut off to effective reduction of unwanted |ow EEG
activity (20 Hz and bel ow), which, in children at |east, can

obscure the AMLR (Suzuki, H rabayashi and Kobayashi, 1983).

Spectral analysis shows that the ngjor power in the
AMLR, at least in nornal-hearing adults, is in the 30-50 Hz
regi on (Kavanagh and Dom co, 1986; Suzuki, Kobayashi, and
H rabayashi, 1983). Wth digital filtering techniques, all
AMLR conponents are observed wth a high pass frequency cut

off of 30 Hz. As the cutoff frequency is increased from 30
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to 50 Hz. anplitude of the Na and Pa conponents decreases
but at about 40 Hz, the Pb conponent di sappears.

This suggests that later conponents of the AMR are
conposed of sonewhat |ower frequency energy. Wtha high pass

cut off frequency above 60 Hz, the entire AMR di sappears.

One additional noteworthy feature of AMR spectrum is
apparent variability among nornal adul t subjects, wth
subjects having peaks at different frequencies wthin the
response spectrum It is quite possible, as denonstrated by
Kavanagh and Domco (1986), for two subjects to each have a
distinct AMRw th an unfiltered AMLR and yet, with a 30 Hz
analog or digital high pass filter cut off, for one subject

to show no AMLR whi |l e the other does.

The influence of subject characteristics, such as age
(young or ol d), or gender, on AMLR spectrum and

susceptibility to filter effects is not known.

Endogenous factors:
Sl eep:

Mat urati onal sl eep studies

There is general agreenent that sleep does not inpede Pa

detectability in adults as it does in children. Sone studies
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have reported the absence of any sleep effects on adult MRs
(Mendel and CGol dstein, 1969; Mendel , 1974, Mendel and
Kupperman, 1974). while others have reported sleep related
anplitude and |atency changes (CKitsu, 1984; Oster hammel,
Shal |l op and Terkil dsen, 1985; Br own, 1982) . There are
variations in nethodol ogy used in these studies. Erwn and
Buchwal d (1986), who showed that Pa anplitude is virtually
unaffected during stage 4 sleep in adults, obtained their
data at slow stinulation rates, while the changes observed by
Osterhammel et al. (1985) wer e observed W th faster

stinmulation rates.

Devel opnent al sl eep st age studies by Feinberg and
Carlson (1968) show a decrease in detectability of wave Pa
in stage 4 sleep as well as an increase in wakefulness wth
age during the period of a night's sleep. These changes may
account in part, for the systematic increasing detectability
of wave Pa W th age. Still, even wthin st age 4,
detectability inproves with age. This inproved detectability
conbined with decreased tine in stage 4 sleep may account for

the dramatic differences in Pa detectability seen between

infants and adults.
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Lat enci es of naj or peaks remain constant across
different stages of sleep. Amplitudes are |arger during REM
and 2 stages than 3 and 4 (Mendel and Goldstein, 1971).
Sl eep deprivation has little effect on MR (Mndel and
Gol dstein, 1969b). Light sedation does not dimnish the
overal | response (Kuppernman, Mendel, 1974; Mendel and Hosi ck,
1975). They reported that MR in fairly slabic during early
stages of sleep (Mendel and Hosick, 1975). They further
observed that there was no change in MR due to drug induced
sleep. Another investigation by (Brown and Shallop, 1982)
showed that the anplitude of Pb and Pc of MR are reduced
during sleep. As stages of sleep deepen, |atencies of peaks
except Po gradually increase and anplitude decreases. During
sl eep Na shows one of the double peaks Nal and during stage

of waveful ness, Na2 i s seen.

Effect of deep sleep on MLRis not much in adults as in
children (CKitsu, Shibahana, 1981) . Pa can be easily
detected in awake children and early stage of sleep. During
stage 4 detectability is poor (Kraus et al. 1985). The MR
threshold was 40 dB higher in children who were asleep, than

when they were awake (Kankkunen and Rosent hal, 1985).
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Body tenperature

Kil eny, Dodson and Cel fand (1983) nonitored hypothermc;
patients undergoi ng open heart surgery with MR Hal | (1987)
has applied MR in nmoni t ori ng patients under goi ng
hypertherm a (increased body t enperature) t reat ment for
advanced cancer. There is evidence of decreased |atency yet
reduced anplitude of the Pa conponent in sonme patients as
body tenperature is elevated from nornal | evel s (about 37
degree celcius) to 42.2 degree celcius. Thi s is not,

however, a consistently observed finding.

Anaest hetic agents

Anaest hetic agents produce differential effects on
AERs; MR, LLR which involve mul ti synaptic non-|emnisca
pat hways are sensitive to suppression by anaesthetic agents.
Unfortunately, nmuch of the information on the relationship
bet ween anaesthesia and these extra | ermi scal AERs was
obtained from clinical experience wth humans (Pradhan and
Gal anbos, 1963; Smth and Kraus, 1987). Drugs |ike Fentanyl,
Enfl urane and Fl uot hane were found to have differential
effects on MLR anplitude and |atency (Kileny, Dodson and

Gel fand, 1983; Thornton et al. 1981; Prosser and Arslan,
1985).
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Mat ur ati onal changes :

Most aging brains show a group of structural changes
which are progressive in nature. The electric potentials
pi cked up fromthe brain may Mmc these changes in terns of

t hei r wavef or m nor phol ogy and | at enci es.

Vi sco et al. (1987) recorded MR in 64 prenature
infants, followed upto, 32 weeks conceptional age (CA). The
M.Rs were anal yzed for the conponents Po, Na and Pa, and the
interpeak latency difference Na-Po. , The detectability rate
of Po and Na reached 80-90% at about 30 weeks CA. Pa reached
the highest rate of about 60% at 52 weeks CA.  They concl uded
that MLRs were obtainable as early as 25 weeks CA and that
MR therefore reflected an early functioning structure in the
auditory pat hway, w th the nost prom nent changes in |atency

and anplitude val ues occurring before and around term date.

Hrom Veda (1990) examned ABRs and MRs for click
and/or 500 Hz tone pip stimili in infants (36-44 weeks
conceptional age) admtted to the NCU and neasured the
threshol d and detectability of these responses-wave Po, Nal,
Na2 for MLR neasurenent. Thresholds of MRs for click
stimuli were alnost equal to those of ABRs for click stimli.

On the other hand, thresholds of MLRs for 500 Hz tone pip
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stimuli were slightly worse than ABRs for click stimuli, the
average differences being less than 10 dB wave Po, Na, Na2
are the best threshold indicators of MLRs in infants, but

wave Pa was still wunstable and the detectability was |ess
t han 30%

There are, however, differing opinions about t he
detectability of wave Pa in children and neonates. Mendel et
al. (1977), MKandle et al. (1974) and Mendel son and Sal any
(1981) have enphasi zed that wave Pa can be recogni zed even in
I nfants and neonat es. Oh the other hand, Engel (1971) and
Rotteveel et al. (1987) suggested the detectability of wave

Pa to be al nost 0% i n neonates.

Mendel son, Salany (1981) recorded MLRs from 60 subjects
in four age categories, 15 prenature infants, 15 full term
newborns, 15 children and 15 adults, and the waveform
| atency and anplitude were conpared across the age groups.
Results indicated that significant age effects were evident
for anplitude but not |atency. Anpl i tude of components, Po,
Pa and Pb were found to increase until 3-4 years of age, and
decline in adult hood. Significant age effects on |atency
were found only for Po, which is postulated to be synonynous

with wave V of the brain stemresponse. The absence of age
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effects on mddle conponent latencies is quite surprising and

this raises questions about the generator sources for mddle

conponent s.

Ckitsu (1984) conpared the detectability of each peak in
waking children (3 years) with that of each peak in sleeping
children (4 nonths-3 years 3 nonths). There was little
difference in the detectability of the Po peak between the
two test conditions, and the Na peak was only about 10% | ower
in sleeping subjects than in waking ones. However, a
consi derabl e decrease in the detectability of the Pa peak was
found during sleep. Later peaks, such as Nb and Pb peaks,
which are usually elicited in waking adults, could scarcely
be found in children, either in the sleeping or in the
wakeful state. Po-Na may be the nost suitable index for

el ectric response audionetry in young children.

Kobayashi et al. (1983) conpared MR waveforns of adults
and young chi | dren. A digital high- pass (HP) filtering
techni que was applied to the responses in 26 young children
aged 1-7 years and a adults with nornal hearing aged 21-35
years. The two nmjor differences that existed in the MR
configurations between adults and young children was firstly.
Pa in the responses fromadults was consistently recognised

wth H® filtering upto 50 Hz, while Pa in young children was
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effectively detected only with 20 Hz HP filtering. Wen the
HP filter was set at 30 or 40 Hz, Pa narkedly decreased in
magni tude or effectively disappeared. Secondl y, Pa was
identified in nost of the adult responses, with a |atency
ranging from55 to 65 ns, particularly with HP filtering at
30 Hz. On the other hand, it was not visually distinguished

in the responses from young children with any HP filter

setting.

Mendel and ol dstein (1969) examned the  early
conponents of the averaged el ectroencephalic response (AER
in eight normal hearing adults (22-26 years) over a single,
sl eepl ess 24-hour span, using 1024 clicks at the rate of
9.6/sec. Hectroencephalic activity was recorded from an
el ectrode on the vertex referred to the left earlobe. The
response pattern was very stable, characterized by a
pol yphasi c configuration with nean peak |latencies of (Po)
13.3 nmsec, (Na) 22.0 nsec, (Pa) 32.3 nsec, and (No) 45.1
nsec. At the conclusion of the 24 hour span, three of the
subjects were tested with the sane stimuli during various

stages of sl eep. the early conponents of the AER renai ned

consi stent even during sl eep.



35

Thus MLRs of children are found to differ substantially
fromthat of adults (Suzuki et al. 1983; Kraus, et al. 1984
b). Under appropriate neasurenent conditions-nanmely a slow
stinmulus rate (1 to 2/ sec) and non-restrictive filter
settings (10-300 Hz) a true MR is sonetines recordable in
neonates and young children. An infant MLRis not reliably
recorded for stinulus rates exceeding 5/sec (Fifer and

Sierra-Irizarry, 1988).

At the slower rate, latency of Pa conponent is usually
in the 50 nmsec range, or twice the expected adult |I|atency
val ue, although it my be further delayed in very young but
normal infants (Fifer and Sierra-Irizarry, 1988). Kraus et
al . (1985) say t hat detectability of Pa i ncreases

systematically frombirth to adol escnce.

Several investigators (Davis, 1976a; Mendel, 1977; Wl f
and CGol dstein, 1980) concluded that MR can be used as an

auditory diagnostic tool for the very young children.

Many studi es have been done on children, the results of
which revealed that there are differences in the waveforns
obtained fromchildren conpared to adults. So there is a
need for studying the normal variations in the MR waveform

before using it to di agnose pat hol ogi cal conditions.
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METHODOLOGY
Subj ect s :

The experinental group of this study consisted of 60
subjects, thirty adults and thirty children. Goup |
consisted of thirty adults, fifteen nmales and fifteen

femal es, between the age range of 18-30 years.

Goup Il consisted of thirty children, with 10 children
in each of the three age intervals 7-8 years, 8-9 years and

9-10 years. Al subjects chosen had nornal hearing.

Subj ect selection criteria :

1. Subject should not have any otological or neurol ogical

probl ens.

2. Subject should not have any psychol ogical problens and

shoul d have average intelligence.

3. Ceneral health should be good at tine of testing.

4. Subject should be able to relax and sit wi thout any

extraneous novenents for duration of testing.
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Equi prent

El ect r ophysi ol ogi cal test equi pnent was. Bi ol ogi c-
Navi gat or EP.

Test Envi r onnent

1. The experinment was carried out in a sound treated roons.

PROCEDURE

| nstructions :

Subj ects were instructed to sit confortably on the chair
and relax. They were briefed with the information that the
el ectrodes woul d be placed and then the earphones. They were
instructed that they would hear tone bursts in one ear only
and that no voluntary response was required. Subjects were
asked to avoid extraneous novenents of head, neck and jaw for
the duration of the test. They were asked to be alert during
the test period and not to fall asleep. | nstructions were

given in a language that was famliar to the subjects.

El ectrode pl acenent

Four electrodes were wused in this study. Al were

checked for continuity. The area of placenent of electrode
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was cleaned by rubbing the surface wth cotton dipped in
rectified spirit and skin preparing paste. This was done
till the surface appeared red indicating vascularity.
Appropriate amount of gel was used to stick the electrodes in

their respective positions. They were secured in place by a

pi ece of plaster.

The first electrode was placed on the vertex (C2),
second on forehead (Fp2) and the third and fourth on nmastoid
region behind the auricle The electrode on vertex served as
non-inverting electrode, electrode on forehead serves as
common el ectrode and el ectrodes on mastoid served as

i nverting el ectrodes.

| _Figs.hare shows connection of electrodes  into the

electrode box.

S8ite: Head box :
Forehead (F2) com.,
Vertex (CZ) 1+2 {(1linked)
Left ear mastoid (Al) 1-

Right mastoid (A2) 2-
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| mpedance matching areas carried out as directed in the
manual and it was ensured that t hat I npedance at al
el ectrodes was < 5K and interelectrode inpedance was < 2K
Ear phones were then placed w thout dislodging the electrodes.
Bl ue earphone was used for the left ear and red to the right
ear. Earphone diaphragm was placed directly over the ear
canal so that accurate stinulus intensity | evel s wer e

delivered to the ear.

Stimulus paraneters : stinmulus parameters used for adults was

as foll ows

1) Stimulus :Rarefacting tone burst
Ii) Frequency - 500 Hz
lii) Risetim 10.0
iv) Plateau - 20.00
v) Rate 7.7/s
vi) Band pass -3-100 Hz
vii) Sanple nunmber - 500.

Simlar paraneters were wused for children, except for

the rate, which was reduced to 3.1/sec.

The MR waveform was recorded from only one ear. Equal

nunber of right to left ears were tested which was randomy
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selected. The test begun at an intensity of 60 dB nHL. The
| owest intensity at which a clear waveform could be obtained

was found out.

The M.R waveforns obtained by the subjects were stored
and |ater analysed for their peak latencies (Na-Pa, No and

Pb) at different intensities.

The MLR waveforns obtained for children and adults were

conpar ed.
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RESULTS AND DI SCUSSI ON

MR waveforns were elicited at 60 dBnH., 40 dBnHL and 20
dBnHL for adults and children. The follow ng Tables A B, C
and D summari ses the changes in peak |atencies and anplitude
at different intensities for Na, Pa, No and Na Pa

respectively.

Tabl e A° Na peak | atency

Int. Mean D Mn.A Mix,A Mean SO Mn.c Max. C
A A C C

60 25.35 4.57 11.70 36.47 30.15 7.16 20.28 46.80
40 28.44 4.37 16.38 39.39 31.82 7.43 20.28 47.58
20 31.00 5.09 22.62 46.41 33.03 6.8 24.76 53.04

Tabl e B: Pa Peak Latency

[ nt. Mean SD Mn. A Mix, A Man SO Mn.c Max. c
A A C

60 34.85 4.72 21.84 41.14 41.13 7.40 27.49 53.04
40 36.71 4.68 27.10 45.63 39.64 6.90 30.03 53.82
20 39.97 5.95 27.69 57.91 42.98 6.8 32.37 61.42

(o))

Table C. No Peak | atency

[nt. Mean SD Mn A Mx. A Man SO Mn.c MVax. c
A A C C

60 42.65 514 31.98 51.09 50.61 6.88 32.56 61.62
40 44.87 580 31.00 58.50 45.83 7.37 35.49 60.25
20 48.05 6.05 40.17 62.98 50.24 6.33 38.41 67.67
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Tabl e D: Na-Pa anplitude

Int. Mean SD M n. A Max. A. Mean SD M n.c Max.c
AACA

60 1.26 0.64 0.16 1. 83 0.92 0.49 0.18 1. 88
40 0.73 0.43 0.22 2.02 0.84 8.47 0.16 1. 80
0.7 .37

: 4 1 1. 64 1 1.44
20 Asos %mno |% Tgbﬂes A % and C:?he pgak Igte%cy val ue!

Na, Pa and No lengthened as the intensity decreased in
adults. These results are in correlation wth findings o:
t he study done by Gol dstein and Rodman, (1967), which stated
that as stimulus intensity |evel increases from behavioural
threshold up to about 40-50 dB SL, |latency systematically
decreases. Themfor higher intensity levels, latency renain

rel atively constant.

Thi s change was however not consistent in children.

It was also observed fromTable D that for adults an
children there was a definite and consistent decrease i
anplitude with decrease in intensity. This finding again wa
in correlation with the study done by Goldstein and Rodman
(1967), they indicated that anplitude increases steadily fro
over the intensity range of 0-70 dBSL.
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The mean peak latencies and anplitude at 60 dBnH
(ipsilateral) was also conpared between 7 years, 8 years, 9

years and adult group to study the age rel ated changes in ns.

The followng Tables la, b, 2 a, b and 3 a, b summari zes

the results.

Tabl e | a: Peak | atency Na.

7 years 8 years 9 years Adul ts
Mean 34. 30 31. 30 28. 80 25. 35
SD 8.28 5.45 5.90 4. 57
M ni num 21.64 22.23 20. 28 11. 70
Maxi mum 41. 14 46. 80 35.10 36. 47

Table I b: t-test scores

Q oups conpar ed t-scores
7-8 vs. 8-9 years - 6.66
89 vs. 9-10 years 11. 22**
7-8 vs. 9-10 years So**
Adul ts vs.children -.50

* significant at 0.05 |evel.
** gsignificant at 0.05 level and 0.01 |evel

Tabl e |a conpares the nean peak latency of Na both for
children of 7 years, 8 years and adults elicited at 60 dBnHL
(ipsilateral). As seen fromthe Table, the nmean peak | atency
for Na peak appeared at 34.30 ns for 28.80 ns for 9 years and

25.35ns for adults. It indicated a definite and consi stent
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decrease in Na latency as the age increased. The Na peak
could be identified for 28 of the adult subjects and 25 of
the children at 60 dBnHL.

Table Ib depicts the t-scores obtained when the

respective groups were conpared.

As seen the difference in peak latency of Na was
statistically significant in the age groups. 89 vs 9-10
years and 7-8 vs 9-10 years but not in 7-8 vs 89 years.
There was no statistically significant in Na peak |atency

bet ween adults and chi |l dren.

Tabl e 2a: Peak Latency Pa and NaPa anplitude

7 years 8 years 9 years Adul ts
Mean 40. 01 45. 14 37. 47 34. 85
D 7.14 6. 36 6. 86 4.72
M ni mum 27. 49 33.15 28. 27 21. 84
Maxi mum 48. 75 53. 04 48. 55 41. 14
NaPa 0.98 0.95 0.60 1. 26

Anpl i t ude
(Mean)
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Tabl e-2b: t-test scores.

QG oups conpared t scores for t scores for
| at ency anpl i tude
7-8 vs. 8-9 years -10. 91 0. 84
89 vs. 9-10 years 17. 04** 0.71
7-8 vs. 9-10 years 5. 40** 0.76
Adul ts vs.children -48. 30 2.12*

* - Significant at 0.05 |evel
** - Significant at 0.05 level and 0.01 |evel.

Tables 2a conpares the nmean latency for Pa for both
adults and children of 7 years, 8 years, 9 years. The nean
| atency for Pa falls at 40.01 ns for 7 years, 45.14 ns for
8 years, 37.47 ns for 9 years and 34.85 ns for adults. Again
the nean latency for Pa indicated a decrease in latency wth
Increase in age except at 7 years which indicated a |atency
value lesser than 8 years old. Pa could be identified in all
of the adult subjects except one and all of the children

except two at 60 dBnHL.

Table 2b indicated t-scores for groups conpared. There
was no significant difference between the nean |atency for Pa
for adults and children. There was a significant difference
between the nean latency for Pa for 7-8 vs 9-10 years and 89

vs 9-10 years.

The nean Na Pa anplitude was nore in adults when

conpared to children and the difference was statistically
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significant at 0.05 |evel. However the change in anplitude

with increase in age was not consistent in children.

Tabl e 3a: Peak |latency No

7 years 8 years 9 years Adul ts
Mean 48. 53 52. 75 47. 69 42. 65
SD 4. 63 6. 75 8. 40 5.14
Maxi mum 39. 39 37. 44 32. 56 31.98
Maxi mum 56. 74 61. 62 57. 33 51. 09

Table 3b: t-scores

Q oups conpar ed t-scores
7-8 vs. 8-9 years -8.97
89 vs. 9-10 years 10. 12**
7-8 vs. 9-10 years 1.68

Adul t s-chi |l dren -5.10
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The nean No peak latency showed a statistically
significant difference between 89 vs.9-10 years.

Table 4: Conparing adult nales vs.fenl aes.

S M ni mum Maxi mum t-score

D
M (P (M (P (M (F)

1 3.80 11.70 18.52 36.47 31.20 -.10

4.52 21.84 24.38 41.14 40.75 . 80
2 5.04 3568 31.98 51.09 50.50 -.68
0 0.52 0.19 0.16 1.79 1.83 -.35

Mean
(M (P (
Na 25.26 25.43 5.
Pa 35.58 34.17 é
0.

Nb 41.91 43.3
Na 0.78 0.84

_pa

2
9
9
4

Table-5: Comparing children males vs females.

D M ni mum Maxi num t-score

Mean
(M H (Vv (B (M (P (M (F)

Na 26.15 32.16 7.64 8.53 21.64 20.28 39.78 46.80 .85
Pa 39.60 47.47 6.05 8.58 27.49 28.27 49.72 53.04 -2.84
No 50.80 50.46 4.58 8.41 41.34 32.56 56.74 61.62 .12
Na 1.00 0.91 0.64 0.39 0.18 0.33 2.33 1.88 .42

_pa

a

Tabl e 4 conpares the nean, SD, range and t-scores for

Na, Pa, Nb and NaPa between adult nal es and fenal es.

The peak latencies at Na and Nb were consistently |onger
for fenales than for nales but the difference was not
statistically significant. Pa latency was shorter for
females conpared to nal es. Anplitude  of the fenale
popul ation was greater than the nale population but the

difference in anplitude was not statistically significant.
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The finding that the anplitude was greater in fenales was in
correlation with the results of the study done by Pal askas,
Wl son and Dobie (1989). They reported that the MR
conponents tend to be shorter in Jlatency and larger in
anplitude in fermale versus nale subjects, the difference do
not always reach statistically significance (Czdanar, Kraus,
1983). Table 5 conpares the nean, SD, range and t-scores for
Na, pa, No and NaPa between children nales and fenales.
Again fenmal es showed a lengthening of latencies at the peak
Na and Pa. Peak latency for No was shorter for fenales
than for nal es. Unlike adult population, the anplitude of
the nmales was nore than that of fermales. But the differences
obtai ned in peak | at enci es and anpl i tude was not

statistically significant.

In a study conducted by Mendel son, Salany (1981), they
reported that significant age effects were evident for

anpl i tude but not | atency.

Mendel et al. reported that although MR nay be recorded
in infants, the detectability of Pa increases systenatically
frombirth to adol escence. The primary thalano-cortica
pathway is only partially developed in children, not reaching

maturity until puberty. Here is evidence that nyelinization
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of the humans thalano-cortical pathway and sensory cortex
continues until puberty (Yakovlev and Lecours, 1967). The
systenati c devel opnment of M.R conponents observed in hunans

Is consistent with such a maturational process (Kraus, Smth
and Reed, 1985).
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SUMVARY AND CONCLUSI ON

AEPs occurring from 10 to 50 mllisecs in latency are
called auditory mddle Ilatency response (MR). The main

conponents of MLR are Na (18 ns) , Pa (30ms) and Pb (50 ms) .

30 adults with normal hearing between the age range of
18 years - 30 years and 30 children wth hearing within
normal limts, 10 in each age group of 7-8 years, 8-9 years
and 9-10 years were taken. The aims of the study were as

foll ows:

(1) To study the latency, anplitude and norphol ogy of the MR

waveform at different intensities.

(2) To conpare for any significant difference in waveform

bet ween children and adults.

The MR waveforns were elicited for 60 dBnHL, 40 dBnHL
and 20 dBnHL wusing an electrophysiological wunit (Biologic
Corporation System Navigator). It was observed that Na, Pa
and Nb could be identified in a mgjority of the subjects at

60 dBnHL consistently.
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The data was subjected to the following statistica
anal ysi s, nean, standard deviation, range and t-test. The
results indicated that there was a significant difference
between adults and children for anplitude (NaPa) but not for

| at ency.

There was a significant difference for Na and Pa peak
| at ency between 89 years vs. 9-10 years and 7-8 vs 9-10

years age groups and No peak |atency between 8-9 years vs. 9-

10 years age groups.

There was no significant difference in latency and
anplitude of peaks between nales and fermales for adults and
children, though feral es consistently showed |onger |atencies

than males in both adults and chil dren.

In conclusion, the results of the above study showed
that there was no significant difference observed in terns of

| at enci es between the adult group and the children group.

However, there was a difference in the nean peak
|atencies of Na, Pa and No between adults and children.
Hence it is inportant to study the MR in terns of peak
| atency and anplitude, in normals first before adm nistering

it on the clinical population.
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Limtations of the study

1.
2.

Nunber of subjects used was smal | .

It was difficult to keep the children alert, since the
test procedure was very long, and this could be one of the
possi bl e reasons for a greater intra-subject variability
in children.

Miltiple electrode placenment that could have vyielded

better results was not used.
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