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| NTRCEUCTT ON

The capacity of hearing in an individual can be tested
subjectivity or objectively. The test results give us an
indication as to how essential auditionis as alink to the
outside world. But assessnment of auditory function through
vol untary response i n cases of enotional disturbance, nenta
retardation and central disturbance is not always possi bl e-
This difficulty is present in both children and adults. In
such cases, the study of evoked potentials recorded from
t he scal p have appeared successful. The decade of the
eightees is called the era of evoked potential measurenents
by Reneau and Hhatiow i n Evoked response audionetry - a
topical and historical review (1975). This is because a
hoar de of studi es concerning evoked potential s have conme up

in the | ast ten years.

One such el ectrophysi ol ogi cal nmeasure is the mddle
| atency response (MLR). It is nothing but the waveform
obt ai ned 8-50nsec. after the onset of stinulus with an
anplitude of 0.5 /uV - 3.0 /uV. Pioneers inthis area were
CGei sl er, Rosenblith and Frishkopf (1958). They naned these
waves "early" responses. Later they were renaned "M.R' by
Picton, HIllyard, Krausz et al (1972) and Davis (1976b) to
differentiate themfromthe brain stem evoked response (BSER

whi ch occurs in the first 10 nsec. after onset of stinulus.



The typical waveform of MLR is
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Peak Tr ough Lat ency
- No 8-10 msec.
Po - 10- 13 nsec.
- Na 18- 22 nsec.
Pa - 30- 35 nsec.
- N, 40- 60 nsec.
Py - 55-80 nsec.

Earlier conponents of the MR waveform that is N, P,

N, may arise from the medi an geni cul ate body and pol y-sensory
nucl ei of thalanmus. Later portions are found distributed
over wi de areas of association cortex (Ceisler et al. 1958;
Picton, Hllyard, Krausz et al. 1974; Davis, 1976b). The

| ater parts especially P, and N, are noticed with a | onger
time base of 10-80 nsec. The origin of MLRis still a matter

of controversy as several investigators have pointed out that
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It may be nyogeni c and not neurogenic (Bickford, et al. 1963a;
1963b). The field is still open for nore studies to shed

light on the real nature of responses.

The nmaxi num anpl i tude of response is at the vertex and
symmetrical around the point. MR is usually recorded from
t he vertex (Cé) referenced to the nastoid or ear | obe with

a narrow band filter of 3-100 Hz (Mendel and Gol dstein, 1969a).

The stimuli which evoke MLR are clicks, tone bursts,
tone pi ps and logons (Zerlin, Mowy, Naunton, 1971; Zerlin,
et al 1973). dicks evoke longer |atencies wth greater
anpl i tude change. Tones are frequency specific and give a
very good indication of hearing sensitivity at |ow frequen-
cies. The commonly used range of frequency is 500 Hz -

2000 Hz.

The nunber of stimuli needed to evoke a response is
around 1000 - 2000 (oldstein, 1967). The response i s noted
by averaging. Repetition rate of stinmulus is also one
I mportant variable. Mendel (1973) suggests a rate of 10
stimuli/sec. The effect of rise tinme of stimulus on MR
has been summarized by Davis (1976). He called the MR an
"on response” as it mainly elicited by onset of the stinmuli.
Ski nner and Antinoro (1961) found that rise tine greater

than 25 msec. is not effective.
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It is well established in el ectrophysiological tests

that the anplitude of thewaveformis greater and | atencies
are reduced at higher intensities. At near threshold the
wavef or m nor phol ogy is not well defined though the |aten-

cies renmai n al nost stabl e.

M.R appears to be stable over conditions such as read-
ing, sitting in adark roomw th eyes closed and sitting in
a lighted roomw th eyes open (Mendel and Gol dstein 1969a,
1969b). No changes have been noticed on the application of
nuscl e rel axants (Harker, et al. 1977). Mendel and Hosi ck
(1975) also reported that the waveforns do not change due
to natural or drug induced sleep. But when conplete

annesthesia i s achi eved, the MLRwaveform nay di sappear
as noticed by Pictonet al. (1977). Freeman (1965) has
reported that hypoxia, hyperventilation, body accel eration
t hrough space have the affect of increasing |atency and

decreasi ng the anplitude of the waveform

The effect of aging on MLRis a matter of controversy.
Davis and Hrsh (1973) have reported successful eval uations
of hearing sensitivity in the elderly and not in the infants.
MRandl e et al (1974) have reported cl ear waveform at near

pure tone threshold |l evels in neonates al so.



Test procedure:

The individual is tested while lying down or sitting
confortably. The neck and shoul der novenents are to be
mnimzed to reduce nuscle artefacts. The duration of the
test depends on the nunber of threshold estimations taken
in each ear. |If the three frequencies (500 Hz, 1000 Hz,
2000 Hz) aretested, thenthetest will take 2-21/2hours.
The identification of peaks and troughs especially the N,,
P, and N, with their latencies help us in evaluation

(Beagl ey, 1979).

Uses:

1. MR can be used as a threshol d detecting device (desler
et al. 1958; Coldstein, Rodman, 1967).

2. As an indicator of the integrity of the auditory pathway.

3. Used as one of the tests in a neurological test battery.

Wth the advent of MLR in el ectrophysiol ogical testing,
accuracy in detection of auditory pathway | esions has
I ncreased trenendously - Confirmation of hearing | oss has
becone a practical reality in infants leading to early inter-
vention. Use of MR should be considered as a nandatory

procedure of current audiological test battery.

As we already know, the process of aging brings about

anatomcal as well as physiol ogi cal changes. The pure tone
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responses, speech understandi ng, inpedance and acoustic
refl exes show a difference with age. So we can suspect
an age factor in MLRalso. At the sane tine in some instances,
we have noticed difference with sexvariations. This is also

an inportant factor to be consi dered.
Pur pose of the study:

Purpose of the present study was to find out whet her wave-
formlatency differences were seen in nornal adults due to
sex variations. It ains to detect the affect of sex varia-
tion on MRin geriatrics. Also an estination of the rel a-

tionshi p between MLR and behavi oural threshol ds was done.

1. Is there a relationship between pure tone and MR
t hr eshol ds?
2. |Is there any difference in the MR waveform | at enci es
of normal nal es and fenal es?
3. Isthereanydifferenceinthe M.Rwaveforns| at enci es of mal e and

fermal e geriatrics?



REM ES (F LI TERATURE

Moni toring of spontaneous bio-electric activity from
t he central nervous systemand recording this fromthe
human scal p was first described by Berger (1929). These
random bi o-el ectric activities conprise the el ectroence-
phal ogram (EEG . The process of extracting stimulus related
bi o-el ectric events fromthe ongoi ng EEG activity set the
stage for future clinical devel opnent in various aspects
of what is called as electric response audi onetry (ERA),

by Davis (1976).

A assification: (Davis and Oaen, 1985)

Response Latency range Qigin

Cochl ear 0-4 nsec. Cochl ea

Early 2-15 nsec. Crani al nerve
VIl and Brain
stem

M ddl e 15-50 nsec. Brain stem m d-
brain and cort ex.

Late 50- 300 nsec. Primary and secon-
dary auditory
cort ex.

One of the inportant auditory evoked responses is the

m ddl e | atency response. The recordi ng of this response
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actually preceded the recording of ABR by about 10 years
(Mendel, 1977). 1n 1958, these waveforns were first
reported by CGeisler, Frishkopf and Rosenblith who called
themthe "early responses”. Later, as information becane
avail able as to the presence of responses whi ch occur
earlier than 10 msec, the waves were called "mddl e | atency"
responses (Picton, HIllyard, Krausz et al. 1974; Davis,
1976b). The MLR occurs at a latency of 10-50 m sec. with
anplitudes ranging from0.5 - 3.0 /uV. According to

Miusei k and CGeurkink (1981), the latency range is 8-50 m sec.
Nat ure of the response:

The researchers argue over the fact that MLR nay be
of neurogenic or nyogenic origin. Bickford (1972) said
that various nuscle reflexes are present as a response to
| oud acoustic stimuli in the 10-50 m sec. |atency range.
The nyogeni ¢ nature of the response is also supported by
Bi ckford, Jacobson and Gal braith (1963). Wen 'nyogenic'
response is to be taken into account, the inion response
has to be considered. The inion is nothing but a snall
bony protruberance in the mdline of the skull imrediately
above the neck nmuscle. The inion response depends on

vesti bul ar connections rather than cochl ear connecti ons
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(Townsend and Cody, 1971). The unilateral reflex of post
auricular nmuscle is elicited by cochlear stimulation. The
bilateral reflex is recorded frommastoid process at the
| evel of external auditory canal. (Yoshi, Ckudaina, 1969;
Dauek, et al. 1973; Streletz, et al. 1977). Al these
nuscl e responses may distort the MR But Streletz et al.
(1977) also report that MLRis free of nyogeni c contam na-
tion during sleep. The relative contribution of nuscle
response has been nmeasured in 1974 by Picton, et al. and

is found to be not significant.

Conpr ehensi ve study of scalp distribution of MR
suggests that they are neural in origin, especially for
|l owto noderate intensity (Goff, Alison et al.1977;
CGoff, Allison, Lyons et ai. 1977) and when electrode is
not overlying the inion. (Mst, 1963, 1965; PFicton, et al.
1977). Jarcho (1949) and Chang (1950) al so support the
neural origin. It was also noticed that inion response
coul d be obtained even on stimulation of a deaf ear
acoustically, providing vestibular function was intact
(Cody et al. 1964). oldstein and Rodman (1967) say that
stimuli intensity nearer threshold results in response which
are predomnantly neurogeni c. Ruhm and Fl ani gan (1967)
suggest presence of cochl eo-neurogeni c response to | ow

intensity and vesti bul o- nyogeni ¢ response to high intensity.
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D sput e about the nyogeni c versus neurogenic origin
of MLRinitiated by Bickford and his associ ates has not
been resolved yet. studies in aninals, the hearing
i npai red and nornmal subjects using nmultiple scal p el ectrodes
and intracrani al recordi ngs have accumul ated dat a whi ch
support the contenporary view that the MLRs consi st both

nyogeni ¢ and neur ogeni ¢ conponents.
Qigin of the response:

Ceneral consensus is lacking regarding the origin
of MLRin humans (Celesia, 1976; CGoff et al. 1977; Picton,
et al 1974; Vaughn and Ritter, 1970; Wod and Wol paw, 1952;
Cohen, 1982; (zdamar and Stein, 1982; (zdanmar et al. 1982)
or animals (Arezzo, et al. 1975; Kaga, et al. 1980a; Norman,

et al. 1981).

According to Ceisler (1958), the MLRoriginates from
the cortex. This conclusion was based on the fol |l ow ng
factors.

1. Sanme results are obtained in a subject for repeated
eval uati on.
2. MR can be recorded froma wi de area of scal p.
3. Even a nonoaural stinulation evokes a bilateral response.
4. Same responses are obtained for symetrical placenent
of el ectrodes.
5. Latencies of MLR are conparabl e to onset |atency of

somat osensory and vi sual system
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Ceisler et al (1958); Picton et al. (1974), Davis (1976b)

report origin of earlier conmponents of MLRthat is N, P, N
O o a

to be the nedi umgeni cul ate body and pol ysensory nucl ei of
thal anus while later portions originate froma w de area of
association cortex. Ckitsu et al (1977) say that origin of
peak P, may be different fromthat of the later N, and P, ,
Picton and Smth (1978) found simlarity between ani nal
cortical responses and human MLRs which reflect activation

of thalamus and cerebral cortex. A rhesus nonkey showed

P> which originated fromprimary auditory cortex. her
peaks like Ny, Piio ,Nyg arise fromether parts of cortex
as reported by Arezzo et al. (1975). Buchwald et al (1981)

| ocalized origin of P, to nedial rostral, md brain reticul ar
formation and projection of thalamus. P, was localized to
primary auditory cortex. Hashinoto (1982) attributed the
origin of Nb, P, Ny or SN, to post synaptic activity from
inferior colliculus. Wen nultiple coronal electrode array
was used, P, was found to be at the |level of sylvian fissure.
This is suggestive of a dipole source in the superior tenporal
pl ane (Cohen, 1982). Kaga et al (1980) in an experinment

with animals showed the anterior part of contralateral prinary
auditory cortex to be the generator site of P,. Eventhough

P, is w despread over human scalp, latencies may slightly differ
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for different electrode | ocations. |f hem spheric asymetry
Is seen, it may indicate sone diagnostic condition (Kraus |,
et al. 1982). Anplitude of N, and N, were found tobe
eventy distributed across surface of head by Paccioretti,

et al. 1987).

Uchida, et al. (1979) conducted an experiment in cats
under general anaesthesia. The effect of unilateral and
bi | ateral nedi an geni cul ate body destructi on was not ed.
According to them the generation of MLRis fromupper |evel
of superior colliculus. The N, conponent is due to contra-
| ateral nedi an geni cul ate body (M3B) while P, is a conpound
response froma wi de area. Parving et al (1980) while
studying a patient wth auditory agnosia due to tenporal
| obe I esion found a normal peak of P,. Kraus et al (1982)
also found normal N, and P, in unilateral tenporal |obe
| esions. But (zdamar et al (1982) noticed a reduction in
anpl i tude of thewaveformin bilateral tenporal |obe |esions.
Al these studies indicate that MLR is not exclusively

generated fromthe auditory cortex.

The exact and precise origin of each conponent of MR
waveformis still a matter of doubt which adds inpetus for
further research in this area. Rowe (1981) has suggested

sone reasons as to the non-agreenent about site of origin.
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- The el ectrode pl acenent nay be away from neural generators.
- Presence of ipsilateral and contral ateral pathways.
- Al the generators nmay be simultaneously activated.
- Auditory systemhas a conplex spatial arrangenent.

- Miltiple sites may show overl appi ng activity.

Al these factors would make it difficult to pin point the

exact site of origin of MLRin the brain.
The MR wavef orm

The MLR waveform typically has two major positive
peaks (vertex referred to nastoid) and three negative peaks

| abel | ed as I\g 0 P, Na’ P ang IH (CGol dstein and Rodman

1967) Ruhmet al. 1967). They used a filter setting of
25-175 Hz with a slope of 6 dB/octave at an intensity of
60 dB nHL.

Several researchers have given |atency val ues of
different conponents. They are presented in a tabul ar

col umn bel ow

Resear chers Year No Po Na Pa Nb Pb
(in nsec)

ol dstein & Rodnan 1967 8-10 10-13 16-30 30-35 40-60 55-80

Mendel & Goldstein 1972 _— 11.3 20.8 32.4 45.5

Lane et al 1974 - 10.7 19.7 29.7 47.2 -

64.0
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Suzuki et al (1981) studied auditory evoked potentials for
tone pips within 0-25 msec. They identified three peaks
P10, Nis and P ,. The nunber Indicates the |atency val ue
of the particular peak. Black et al (1987) carried out a
study of MLR in cochlear inplant cases. He reported that
I n a single channel cochlear inplant case, electric MR
anpl i tudes were found to be correlating wth behavi our al
electrical threshold and the disconfort |evels. The wave-
f orm nor phol ogy showed: Pa - 26 msec, p, - 56 msec. P -

70-80 nsec. However, the responses were not consi stant.

Iwara and Potsic (1982) studied M.R waveforns which
were nmeasured at the vertex in anaesthesized rat positive
peaks which unify at 30 ns with increasing age and two
negati ve peaks were noticed. Walsh et al (1986a, b)
report that two positive and two negative peaks were noticed
in cats. The latencies of positive peaks fall wthin 20-30
m sec. Kraus et al (1985b) noticed a negati ve conponent of
7-13 msec. latency and a positive conponent of 25-35 m sec.
in a six nonths old orangutan and 15 nont hs ol d nmacaquil .

In an adultgerbil M.R was obtai ned fromthe contral at eral
tenporal | obe. Two positive and one negative peak were
noticed in this gerbil by Kraus et al (1987a). Kraus, et al
(1987) also report that wave B appears first and then wave

C in young gerbils.
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Mendel son and Sal any (1981) report that |atency of Po
was shorter than P, but |onger than as reported by ot her
researchers. These differences in |atency as pointed out
by different authors nmay be a result of brief duration

stimuli or wide band pass filters or a conbi nation of both.

Factors affecting MR
a) Stinmulus paraneters:

1. Type of Stinuli:

B ectrical as well as acoustical stinulation can be
used to elicit MLR Burton, et al (1989) report that there
is no (Sgnificant difference between |atencies of electrically
and acoustically evoked waveforns in guinea pigs. Kemnk et al
(1987) found electric MLR in profoundly deaf ears. The |atency
of nost prom nent positive peak around 26-30 nsec. which is
simlar to the latency of acoustic MLRwas noticed. Stinmula-
tion of ViI1Ith nerve to produce electrically evoked MR can
be acconplished via a transtynpani c needl e el ectrode on the
pronontory (Kileny, and Kem nck, 1987)rather thana ball
el ectode on the round w ndow nenbrane (Bl ack et al, 1987).
There are several types of acoustic stinmuli used to
elicit MR
dicks: They are the nost commonly used stimuli. They

stimul ate t he whol e of the cochlea. They contain a w de
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spectrum of frequency and have a rapid onset tine which provides

good synchroni zati on of nerve i npul ses.

Tonebursts - These stinuli all ow excellent frequency specifi-
city. Mendel (1982) says that the tone bursts shoul d have
rise-fall times of about 2-3 nsec. and a duration of about 2

nsec. with a spread of energy over one octave.

Tone pips - Also frequency specific. They are obtained by
passi ng a sinusoi dal wave through a high and a | ow pass
filter. They were devel oped by Davis and Silvernan et al
(1952) Eldridge et al. (1962). They have a fast rise tine

but are not frequency specific above 2 KHz.

Zogons - These stimuli are derived fromGbors (1947) con-
cept of acoustic quantum Basically they are sine waves

nodul at ed by a Gaussean (probability) pul se.

Filtered clicks - Aclick may be passed through high and | ow
pass filter to elimnate all frequencies except those with

alimted bandw dth.

Zerlin et al (1973) suggest the click stimilus with
rise tinme of 10-100 psec. as the optimumstinmulus. But such

afast risetinme limts the frequency specificity. To have
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a good know edge of frequency characteristics, usage of tone
pi ps, tone bursts or filtered clicks is suggested (Zerlin,

et al, 1973; Zerlin and Naunton, 1975; Kupperman et al. 1973)

Tonal stimuli are found to give reasonably sensitive
frequency specific responses (Rupert et al. 1973; Kupperman,
and Mendel , 1974; MFarland et al. 1977, Thornton et al.
1977) .

Miusei k and Geurkink (1981) noticed effective responses
for click stimuli in awake adults. Wile Brown and Shal | op
(1982) found | ow frequency tone bursts to be nore effective
conpared to clicks. |In 1984 a study was conducted by Mauri zi
et al to conpare efficacy of tone pips and clicks in 20 norna
subjects of 26-32 years. The results indicate that tone
pi ps are nore frequency specific. The p,, Ny, pp and N, show
greater latency but smaller anplitude for tone pips. This,
the authors attributed to asynchrony of responses evoked by

t he tone pi ps.

2. Nunber of stinuli:

The m ni num nunber of stimuli needed to evoke a clearly
recogni zabl e response has been a natter of interest over the

years. Since the background physiol ogical activity is to be
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di stingui shed the MLR has to be considered only after
averagi ng the ongoing activity. It is noticed that as
nunber of stimuli increased, the anplitude of waveformal so
I ncreases. At the sane tine, the background activity
reduces, that is to say the response snoot hs out. But general
opinion is that increasing the nunber of stimuli from 1000

t o 4000 does not increase the ease of identification of MLR

Horowitz et al (1966) say that the waveformis obtained
after 400-500stinmulus presentations. They used a rate of
3-4/sec. But Vivion et al (1975) obtained clear waveforns
after only 125 stinulus. Lane, et el (1974); used 1024
stimuli with arate of 6.67/sec. to get a clear averaged

responses.
3. Stimulus rate:

Stinmulus rate i s nothing but the nunber of tines it is
repeated per unit of tinme. Mendel (1973) suggested usage of
arepetition rate of 10/sec. He said that this rate of
repetitions has little influence over the anplitude of the
averaged response. Later in 1977, Mendel al so suggested a
rate of 9/sec. as this has the advantage of bei ng out of phase
wi th common mai n power frequency. oldstein, et al (1972);
McFarland, et al (1979) agree that a rate of 1-10/sec. does

not effect anplitude of the waveform
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McRandl e et al (1974) report that 256 stimuli are enough
to evoke a response with a rate of 4.5/sec. while 512 stinmuli
are needed to give clear response at a rate of 9/sec. Lowell
et al. (1960) noticed an increase in anplitude is theclick rate
reduced from1/63 nsec. to 1/100 nsec. An increase in repe-
tition rate i s supposed to decrease the anplitude of MR
(MFarland, et al. 1977, Ceisler, et al 1958; Goldstein and
Rodman, 1967). Jerger, et al (1987) say that M.R nmay under go

rapi d adaptati on and augnentation at rates 1/sec. and 2.5/sec.

Anot her inportant neasure is the 40 Hz response whi ch was
descri bed by Gal anbose et al (1981). This is also called the
40/ sec. auditory response, 40/sec. response is based on an inter
peak |atency of 25 m sec. (Gl anbose says that the subject
has to be wi de awake during the examnation in order to get
a cl ear waveform The 40/sec. presentation | eads to over-
| appi ng of responses to successive stimuli. This leads to
peri odi c response whi ch has a constant phase rel ationship
to repeating stimulus. Finally, a sinusoidal waveformis
obt ai ned whi ch shows energy fromboth ABR and MLR. Gl anbose,
et al (1981) say that the 40/ sec. presentation effects the
basi | ar menbrane | ocation of nerve fibre excitation. They

suggest that 40 Hz response can be a prom si ng new approach
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to clinical applications. Kileny and Shea (1986) report
that anplitude of 40 Hz AEP are alnost twi ce as | arge as
M.R anplitude for clicks and only slightly larger than
anplitude for 500 Hz tone bursts. So according to them
M.R and 40 Hz are equal |y vi abl e procedures for threshold

estimation.
4, Stimulus intensity:

It is generally agreed that there is a direct relation-
ship between intensity and response anplitude. Coldstein
and Rodman (1967) support this in terns of MLRwaveforns al so.
They noticed that |atencies appear stable but the peaks
becone | ess wel |l defined as the stinmulus intensity reaches
near threshold | evels. Mendel (1974) reports that the anpli -
tude of MLR increases and | atency decreases slightly with in-
creasing stinmulus intensity upto noderate | evels. Qzdanar
and Kraus (1983) report the levelling off of anplitude
at about 50-60 dB HL.

Madel | , Col dstein (1972}; Pictonet al (1977); Thornton
et al (1977) contradict the above reports. Their studies
showed a slight decrease in |latency as well as increase in
anplitudewith arisein stimilus intensity. The rate of
| at ency change of MLR nmay bear a close relationship to |atency

intensity functi on of sononotor response (G bson 1978).
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| ndeed, at higher intensities, the waveformmay change quite

suddenly and this has been attributed to inclusion of nyogenic

conponents (Thornton, 1975).
5. Stimulus frequency:

Not many studi es have been done to show t he cl ear
effects of frequency on MLRwaveforns. This is because
fast repetition rates demand different stinulus envel ope
constituents. The tonal stimuli have not been found
effective. Instead, tone pips or filtered clicks have
been used. Thornton, et al (1977) say that latency for
each peak reduces with increase in stimulus frequency. Anmpli-
tude i nput-out put characteristics also vary with stinulus
frequency. The characteristic changes are linear for early

peaks as well as for an increase in frequency of stimul us.
6. Rse fall tinme and duration of stimlus:

Afast risetine is very inportant for elicitation of
MLR  But Skinner and Antinoro (1969) found that a rise tine
greater than 25 msec. was ineffective. Since the MR
mai nl y depends on onset of stinulus, it also has been

called the 'on' response.

Lane et al (1970) suggest usage of a stimulus with

shorter rise-decay tinme and |onger duration in order to
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facilitate identification. They used a 1000 Hz, 50 dB SL
tone burst. R setimes of 5, 10, 15 and 25 msec. with
durations of 20-40 msec. were used. The results showed
that early conponents were not affected by any conbi nation
but | ater waves showed anplitude increase when 25 m sec.
ri se decay tine.was used. Wen the rise-decay tine or
duration was increased |latency rise of 1-3 nsec. was
noticed for all M.R peaks. At the sane tine, there was
an overall reduction in anplitude at all intensity |evels.

(Mvion et al 1982).
Ef fect of maski ng:

Masking is said to occur whan the presence of one
sound nakes it difficult to hear another sound or the
threshol d of signal has been elevated by a 2nd signal or
noi se (Mbore, 1983). Presentation of contral ateral nasking
stimuli of noderate intensity does not appear to affect
conponent anplitude (Qutnick et al. 1978). The shift in
anplitude is £.7 dBwhich is insigficant. The ipsilateral
maski ng noi se shows a peak to peak anplitude variation
which varies directly with signal to noise (SYN ratio

(Smth and Gol dstein, 1973).
C. Monoaural vs. binaural stimulation:

Binaural interaction potential is derived by substracting

the sumof the left and right nonoaural responses fromthe
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bi naural response (Parker and Salt, 1962). Peters and
Mendel (1974) report of equal response anplitude and | atency
for nmonoaural and binaural clicks of equal |oudness.
Binaural interaction for MLRis reported to be nuch | arger
t han nonoaural response when elicited by 20-40 dB | ess
intense stimuli. This difference may be due to neural mecha-
ni smunderlying MLR generation. But there are contradictory
studi es which say the responses for binaural and nonoaur al

stimulations are exactly simlar (Denker and Howe, 1982).

Kodobayashi et al (1984) report that early conponents
of MLR have | arge anplitudes for binaural stimulation. A
slight augnentation was noti ced between ipsilateral and
contral ateral side of stimulation by Mendel et al (1987).
This was in contrast to the study (WIf and Gol dstein, 1978),
whi ch noted latency differences as well. Dobie and Norton
(1980) found an overall reduction of anplitude for binaural
stinmulation et intensities greater than 70 dB nHL. Bi naural
Interaction in cats can be recogni zed within 20nsec. In
humans, this is recognized for P, -N, conpl ex but patterns

of interactions are variable (Harada, et al 1984).

1

B. Recording paraneters:

1. Filter characteristics:

Filtering refers to cutting off the unwanted frequencies

and limting the band width such that the energy is concentrated
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in that particular bandwidth. This may lead to distortion
of the waveform Lane, et al (1974) noticed both phase and
anplitude distortion. They also suggested that anplitude
distortion can be used for threshold estimation whil e phase
distortion serves very little purpose. It was noticed that
reducing | owpass filter setting |eads to prol onged indi-
vidual latencies. So a band pass filter of 25-175 Hz with
a sl ope of 6 dB/octave is recommended (Mendel, 1977).
Mendel et al (1974) also reported that the Pwave slits
the Na trough into Na; and Na, with [ow pass filtering .
Kavanagh (1979) says that the P wave nenti oned above corres-
ponds to SNy described by Davis and Hrsh. Zerlin et a
(1973) studied 4 awake subjects for 1/3 octave clicks centered
at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz. A latency reduction

of 5 ns between 500 Hz and 4000 Hz. was seen.

Digital phase shift filtering does not affect the wave-
formand | atency much. Bat analog filtering shows how early
activity of MLRis folded onto |later conponents leading to a
much |longer late activity than what is present physiologically.
So analog filtering should not be used according to scherg
(1982). According to Suzuki et al (1983) power spectra
analysis and digital filteration far MR show frequency com

ponents located at 30-50 Hz. If activity is below 30 Hz
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P, and N, are difficult to detect. But if these activities

are elimnated using a high pass digital filter, N, P, N
a ab

and a positive peak at 60-70 m sec. |atency al so can be
recogni zed. When the high pass filter is set at 40 Hz, the
positive peak disappears and Nis followed by 2 positive
b

peaks of 50-55 m sec. and 80-85 m sec. after onset of sti-
mul us. lzum (1980), Scherg and Vol k (1983) found t hat

| arge portion of MR energy |a produced by phase shifting
response energy fromother portions of time bases. Phase
shifting reduces anplitude of P, -N, conpl ex wi th augnent a-
tion of MLR waveforns Pa and Pb. But peak P, can be noticed
only on analog filtering and not in digital filtering

(Kavanagh, Dom co, 1987; Suzuki, at al 1989).

Wth |l ow pass analog filtering with a cut off frequency
of 100 Hz, the first positive peak has a Itency of 11.75
msec. |If open recording filter is used, P, shows a reduc-
tionin latency and will be recorded in ABR tine domain
(Kavanagh, Dom co, 1987). Barajas, et al (1985) studied
M.LRwith different filter settings |ike 10-100 Hz, 10-250 Hz,
10- 1500 Hz, 10-3000 Hz, 30 -100 Hz. The stimuli were 500 Hz
tone pips with arise decay tine of 4 nsec. and repetition
rate of 9.3/sec. MLRfor all settings were found at a | evel

of 8-11.5 dB nHL.
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2. Pl ace of el ectrodes:

There are basically 2 kinds of electrodes arrays.
| psilateral mastoid (-) to high forehead (+) and ipsilatera
mastoid (-) to vertex (+). According to Kavanagh and A ark
(1989), both these arrays have equal efficacy in recording

ABR and MLRin open as well as closed filter conditions.

The forehead placenent is usually preferred because -
- it elimnates placenent of electrode get and adhesive
inhair.
- it noves el ectrodes away from ear phone head band whi ch
can cause disconfort and di sl odgenent of el ectrode.

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

Mastoid to high forehead array was preferred by severa
authors (Beattie et al. 1986; Bettie, 1984; Davis, and Hrsh
1979; Hall et al. 1984; Suzuki, et al 1981). Beatti et al
(1986) say that this array results in 34%reduction in
response anplitude. The nean P, - N, anplitude is found
| arger in forehead el ectrode array. Mean N, -P, and P, - N,
anplitude is larger in vertex array. The anplitude of N, -P,
was small and ill defined in both cases. GCohen (1982) and

Wod and Wol paw (1982) al so report that the nmaxi numevoked
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anplitude is obtained on the mdscalp anterior to C . But
z

very little difference in wavef ormor nagnitude between these
two el ectrodes has been reported by Suzuki et al (1981).
C. Subject paraneters:

1. Subject conditions:

M.R i s studi ed under different states of consciousness
tofind out howit is influenced by them Latencies of
maj or peaks remai n constant across different stages of sl eep.
Anplitude are | arger during rapid eye novenent, (REM 1 and 2
stages than 3 and 4 (Mendel and Col dstein, 1974). 1In an
earlier study (1969b) they al so noticed that sleep depriva-
tion has little effect on MLR Light sedation does not seen
to influence the response (Kuppernman, Mendel, 1974; Mendel,
Hosi ck, 1975; Mendel et al. 1977). Mendel and Hosick (1975)
also say that MLRis fairly stable during early stages of
sleep. They did not find any change due to drug i nduced
sl eep. The conponents renain constant in latency and
anpl i tude even after nedi cation (Mendel and CGol dstein, 1969a;
Col dstein et al 1972; Thornton, Mendel, 1974).

The anplitude of P, and P, of MLR are reduced during
sl eep (Brown and Shal lop, 1982). As stages of sleep deepens,

| at enci es of peaks except P, gradually increase and anplitude
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reduces. During deep sleep, N, and P, tend to di sappear.
N, may show one of the double peak N,; and during wakef ul -
ness N, is seen. Effect of sleep on MLRis not much in
adults as inchildren(Ckitsuand Shi bahara, 1981). P,
can be easily detected in awake children and during stage-1
sleep. During stage-4,detectability is poor (Kraus, et al.
1985). The MLRthreshold is found to be 40 dB higher in
Chil dren who were asleep than their threshold when they

wer e awake (Kankkunmen and Rosenhal, 1985).

Change in the Muscl e tone affects MLR (A bson , 1978)
But no change is noticed in configuration,|atency and anpl
tude for tenporarily induced nuscle paral ysis (Harker,
et al. 1977). Conplete anaesthesia nmay elimnate MLR
conpletely (Gff et al 1977). Conditions |ike hypoxia
hyperventi | ati on, body accel eration through space all have
effect of increasing |latency and reduci ng anplitude
(Freeman, 1965). But no changes are noticed i n the ongoi ng
EEG activity. Thus change in waveformmay be a sensitive

I ndi cator of increased stress (Mendel and Gol dstein, 1969a).

Ef fect of endogenous factors on MLR are mninal. They
remain essentially unchanged with attention to the stinmulus train

or ignoring the stimulus as in reading a book or sitting
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with eyes closed in a dark roomor with eyes open in a
bright room(Picton, HIlyard, 1974; Mendel and ol dstein,
1971; Mendel and Kupperman, 1979).

2. MR in disorders:

The hearing inpaired show a slight increase in anpli-

tude and reduction in latencies of MLR According to
McFarl and, et al.(1977), Robi nson and Rudge (1977) reported
significant |atency del ays but no anplitude, abnormalities
inmltiple sclerosis patients. A normal P, conponent was
noticed in bilateral tenporal |obe infarction (Parving et al.
1980). The bilateral lesion noted in Al zhei mers di sease is
not generally sufficient to disrupt P, potential. But

absence of P, in such cases was noticed by Qzdamar et al .
(1982).

Kileny and Berry (1983) studied 15 subjects from6 weeks -
15 years with evidence of neurol ogic involvenent. They
obt ai ned uncl ear waveforns. They say that MLR i n such cases
IS better suited to determne the function rather than
threshold or specific site of lesion, MLRin nmentally
handi capped doesnot show any significant differences in
detectability of N, and P, but ABR has better repeatability
in such cases (Smth et al. 1985). Harker and Backoff (1981)
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whi | e studyi ng acoustic neuroma cases, noticed a general
increase in |latency. The cases with large tunors showed
| ow f al se negative responses conpared to cases with smal
tunors. So these researchers suggest that MLR can be used

as a predictive tool for size of tunors.
3. Vat ur at i onal changes

| nexorably the devel opnent and wear of daily life take
their toll on the brain. As evidence, nbst aged brai ns show
a group of structural changes which are progressive in
nature. The electric potentials picked up fromthe brain
may be excellent indicators of such changes in terns of
wavef or m nor phol ogy and | atencies. In order to find out
if this assunption is true, study of differences in MR

as a function of aging is very inportant.

MR in adults and to a | esser extent al so in young
children are reported to be renmarkably stable and to be
i nsensitive to changes in the state of vigilance and age
(Mendel, 1980 and 1982). Several authors (Mendel et al.
1977; Mendel son, Sal avy, 1981) have shown interest inthe
| atency and anplitude differences in infants and adults.

Mendel (1977) reported significant changes in norphol ogy
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between i nfant and adults. Mendel son and Sal any (1981)
reported a significant reduction of latency for P, between

I nfancy and adul t hood.

Normative data for new boms and infants have been
obt ai ned By few researchers (Engel, 1972, MRandle et al.
974; Mendel et al. 1977; Wl f and CGol dstein, 1978;
Qzdamar and Kraus, 1983). In neonates, it isdifficult to
obtain reasonably cl ear waveforns (Engel, 1971, Davis
et al. 1974; Skinner and 4 attke, 1977). But Mendel et al
(1976) reported successful threshold estimation in all but
one of the 28 infants between 1 nonth to 2 years of age.
Rotteveel et al. (1986) say that identifiable P, N, and P,
peaks wer e obtained from64 premature infants as early as
25 weeks of chronol ogical age. This indicates an early
functioning structure in auditory pathway with nost prom nent
changes in latency and anplitude occuring before and after

termdat e.

Sone other studies note little difference betweenadult
and i nfant nor phol ogy of MLRwaveformas a function of inten-
sity or rate of presentation (MRandle, et al. 1974,

McRandl e and CGol dstein, 1974; Mendel, et al 1977; Frye-Gsier,
et al. 1982). As neonatal age increased from1-8 nont hs,

there was an increase in latency of P, (Mendel et al. 1977).
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Wl f and CGol dstein (1978) say that the neonates denonstrate
slightly shorter latency and smaller anplitudes than do
adults. They also report of no significant activity after
60 nsec. According to them ipsilateral stinmulation pro-
duces nore well defined waveforns than contral ateral stimla-
tion. Goldstein and Madel|l (1972) noticed consi stent
responses wth simlar latencies and slight anplitude
differences at different occasions. So MR can be used
as an auditory diagnostic tool for the very young children
(Davis, 1976a, Mendel, 1977; Vivion, 1980; Wl f and Gol dstein,
1980) .

McRandl e et al (1974), Madell et al (1977); Mendel son
and Sal any (1981) noticed sone differences in |atencies of
P, and N, event hough they were not significant always in
different age groups. This may be due to bandpass character-
I stics selected for the studies (Lane et al. 1974; Coldstein
et al 1979; Scherg, 1982). Interns of anplitude, signifi-
eant differences were noticed in different age groups.
Mendel son and Sal any (1981) report that anplitudes of P, P,
and P, increase till 3-4 years and then reduce in the adult.
Kraus et al (1985) say that detectability of P, increases
systematically frombirth to adol escence. But M.Rs of
children are found to differ substantially fromthat of adults

al so (Suzuki, et al. 1983; Kraus, et al 1984Db).
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Not many studi es have been done in MLRin the geriatric
popul ation. A study done in 1989 by Lenzi et al. reports
of certain changes in norphol ogy, |atency and anplitude.
The subj ects were 70-90 years of age. The norphol ogy was
different fromthat of normal adults. Latencies of different
frequenci es were increased. Anplitudes were considerably
reduced in the geriatrics. The reproducibility of waveform
was poor. Further the shorter latencies noticed in 30
years ol d mal es conpared to fenal es were not observed in the

el derly subjects.

Allison et al (1983) studies sex differences as a factor
affecting latencies of ABR They say that differences due
to age are nore stronger in nmales. They explain the |atency
differences with respect to the difference in the auditory
pat hway | ength such difference may al so be seen in MR wave-
forms. The main aimof the present study is to find out if

such a difference exists between nmal e and fenal e geriatrics.

D. dinical utility of MR

- Threshold estimation - MLR is used as a neans of establish-
ing threshol d because of its frequency specificity and easy

recogni zability in infants and stability during sl eep.

The level for MR agree cl osely wi th behaviour threshold

(Col dstein. Rodman, 1967; Madell and Gol dstein, 1972;
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Kupper man, Mendel, 1974; Mendel et al. 1975). Coldstein,
and Rodrman (1967) using click stimuli got responses within
30 dB SL of behaviour threshold. But difficulty in identi-
fying responses nearer to threshold innormal hearing
subjects than in partial hearing | oss cases wes al so reported
(Horowitz, et al. 1966). At near threshold, Scherg, Volk
(1983) and (zdanar, Kraus (1983) found consistent N,, P;
and N,. The MR threshold will be within 10-30 dB SL of
behavi our neasure (Madell and CGol dstein, 1972; Mendel et al.
1975; Vivion et al. 1977, Skinner and d attke, 1977,
Vivion et al. 1979; Frye-Gsier, et al. 1980). The idea
that a just detectable wave P, is a better neasure of audi-
tory threshold than t he exact |atency of the conponent is
supported in literature (Maurizi et al. 1984). Uehara,
et al (1982) studied stability of MLR at just above threshold
| evels of O, 10, 20 and 30 dB. P,, N, and P, were fairly
stable at 20 dB SL. Conplete reversability is not possible
even at 30 dB SL.

- Frequency specific response - Mendel (1977) says that
frequency specific information within a range of 500 Hz -
8000 Hz can be obtained within 10-20 dB of psychoacoustic
threshold in adults. MRis called one of the nost useful
| ow frequency threshold estinmation (Thornton et al. 1977,

McFarl and, et al.1977; Kavanagh, et al. 1984). ddinical
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use at 500 Hz and 1000 Hz stimuli in adults also is reported
(Misei k, CGeurkink, 1981; Scherg, Vol k, 1983; Zerlin and
Naunt on, 1974; Maurizi et al. 1984; Kavanagh, et al. 1984).

- As a nmeans of neurootol oai cal diagnosis:- MR gives infor-
mation about the integrity of auditory pathways when consi -
dered along with other auditory evoked potentials. 12%

of cases with multiple sclerosis denonstrated abnornal

| at enci es event hough ABR responses were nornmal . These abnor-
malities also help in distinguishing the active and

qui escent di sease status (Robi nson and Rudge, 1978).  her
neur ol ogi cal applications al so have been reported (Rapin

and Cohen, 1978). M.Rfor otoneurol ogi cal diagnosis needs
an intensity not below 30 dB as is the general agreenent.
M.R as a neans of assessing higher |evels of auditory path-
way i s supported by many researchers (Celesia et al. 1968;
Picton, et al. 1974; CGoff et al. 1977; Kraus, et al. 1980,
1982; Kileny, et al.1983, Misiek, et al 1984; Scherg, and
Von Cammon, 1986).

- It can al so be used as an objective i ndex of cochl ear
i npl ant function (Gardi, 1985).

- It also can be used as an indicator of different arousal
states of the subjects (Kileny, 1983; Hall, 1985; Erw ng,
Buchwel d, 1986).

- Assessnent tool for psudohypacusis.
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It seens unfortunatethat, this al nost stable and easy
to elicit response whose threshold bears a cl ose rel ation-
ship to behaviour threshold has been negl ected as a usef ul
clinical tool. Once, note infornati on becones avail abl e
on effects of different variabl es, useful ness ought to increase.
As an accurate el ectrophysiol ogi cal neasure of |ow frequency
threshold it is a boon to the appropriate managenent of the
hearing inpaired. In a country |like India, where general
consensus is lacking in the usage of |anguage, MR can be
used as a diagnostic test easily since it does not need com
plicated instructions. Since it is an objective test it
does not need the active participation of the subjects.

Thi s study has been undertaken to provi de nornative dat a,
of MLRin geriatrics. It tries to find out whet her sex
variations are seen in MLRin nornmal adults as well as

normal geriatrics.



METHCDALOGY

The net hodol ogy of the present study is discussed

under the fol | ow ng heads.

Subj ect s

Equi prrent

Test envi ronnent

Pr ocedur es.

Subj ect s:

The normative data for MLRwaveforns in nornmal adult
popul ation was the first priority. For this purpose, twelve
subjects (6 nales and 6 fermales) in the age range of 18-23
years (nean age 20 years) were selected. This wasonthe basis
of their threshold of hearing for pure tones being wthin
20 dB according to ANSI-1969. This data was used as base

| ine for studying MLRwaveforns in the geriatrics.

The present study nmade use of ten geriatrics. The age
range was 50-62 (nean age 56 years). The subjects included
5 nmales and 5 fenales within the specified age range. They
had to satisfy certain criteria before being included in the
st udy.

1. The subject should have hearing levels within 40 dB for

the octave range of 250 Hz - 8000 Hz in both ears.
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2. The subj ect should not have any history of acute or
chroni c ear di sease, headache, tinnitus, vertigo or any
ot her ot ol ogi cal probl ens.
3. The subj ect shoul d not have any psychol ogi cal probl ens.
4. The subject shoul d not have any neurol ogi cal probl ens.
5. The subj ect should report of good general health at the
time of testing.
6. The subject should be able to relax wth the el ectrodes

In position for the duration of the testing.
Equi prrent :

The two instrunents used for the testing were -
1. D agnostic audioneter (B 822)
2. H ectrophysiol ogi cal test equi pnment (N col et Conpact
Audi tory Systen).

- This was used in the assessnent of pure tone threshol ds

for the 250 Hz - 8000 Hz range. The instrunent was calibrated
for air conduction and bone conducti on and speech audi onetry.
Daily calibration, using the tester's own hearing threshol d

| evel as baseline was al so done.

- This was used to obtain MLR waveforns fromthe subjects.

It can be used for other electrophysiological neasures al so.
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Test environment:

1. The tests were conducted in the sound treated roomwhi ch
met the SO (1969).

Power source was the nmain AC supply.
Hum dity was naintai ned at the specified | evel s.

Tenperature was al so at the required | evel .

SN

The instrunment was kept away frombright |ight as well

as fromnoi sy ar eas.

Pr ocedur es:

The subject was seated in a confortable chair.

Instructions - The subject was asked to sit confortably -
"Now, | shall place the electrodes at the proper pl aces.
You have to relax. You need not indicate the presence of
any sound. The test wll take about 45 m nutes. P ease
do not nove your arns, shoulders and neck. Al so please

tell me if you are unconfortable in this position".

The instructions were given i n Kannada, English, Tam |,
Mal ayal am accordi ng to the not her-tongue of the subject.
I nstructions were repeated once to nmake sure that the subject

has under st ood t hem

El ectrode placenent - The area of placenent of el ectrode

was cleared by rubbing the surface with cotton dipped in
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rectified spirit. This was done till the surface appeared
red i ndicating vascularity. H ectrodes were checked for
continuity. Appropriate anount of gel was used to stick the
el ectrodes in their respective positions. They were secured

by a pi ece of plaster.

The el ectrode sites used were the vertex (G, ) as posi -
tive and forehead (Fp,) as cormon and the nedial - side of

ear | obes as negati ve.

Channel -1 - A - left ear

Channel -2 - A, - right ear

Camon- F,, - forehead

Junmper C, - vertex
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After placing the el ectrode the N col et Conpact Auditory
Systemwas powered up. | npedance natching was carried out
as directed in the manual which says all val ues shoul d be

| ess than 5000 Chns and be within 3000 Chns of each ot her.

Ear phone pl acenent - The patient had proper head support to

make noi se free recordi ng easy. Earphones were placed wt h-
out disloddihg el ectrodes. Bl ue earphone was used for the

left ear and red to the right. Earphone di aphagmwas directly
over the ear canal so that accurate stimulus intensity |levels

were delivered to the ear.

Stinmulus Parameters

Stimul us - t one bur st
Frequency - 500 Hz

Rise tine - | nst ant aneous
Fall tine - | nst ant aneous
Pl at eau - 2 m sec.

Rat e - 9.7/ sec.

LFF - 10 Hz

HFF - 100 Hz

Sanpl e nunber - 2000

Polarity - alternative

Artefacts al |l owed- 20%
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The MLR wavef ormwas found out only for one ear which
was randomy selected. The test was carried out according
to Nicol et Bionedical auditory nanufacturers manual. The
test was begun at an intensity of 60 dB nHL. The | owest
intensity at which clear waveformcoul d be obtai ned was
found out. |If the artefacts exceeded 200 in nunber the
wavef ormwas rejected. The M.R waveforns obtai ned by the
subjects were stored and | ater anal yzed for their |atencies

of peaks Nb, Po Ny, P;, Ny and P, at different intensities.
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RESULTS AND DI SGUSSI ON

The subjects were chosen based on their pure tone
average on pure tone audionetric testing. The twelve
adult nornmals as well as the ten geriatrics who underwent
testing showed a pure tone average within normal limts
lew thin 0-20 dB for 500 Hz, 1000 Hz, 2000 Hz. Since
the stinmulus used in this particular study was 500 Hz tone
burst, only the 500 Hz pure tone threshol d was consi dered
to estimate the rel ati onshi p between pure tone threshol d

and MLR t hreshol d.

Tabl e-1: Pure tone thresholds for 500 Hz and i ntensities
at which a clear Pa peak was obtained for norma

adul t s.
Subjects Pure tone for 500 Hz Intensity of clear peak
Pa iR €B AHL
1 15 40
2 10 30
3 10 40
4 10 30
5 10 30
6 5 30
7 5 30
8 10 30
9 15 30
10 15 40
11 10 30
12 15 30
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Tabl e-1 shows a conpari son between 500 Hz t hreshol ds and
MR threshol ds for peak P,. Only the P, | atency val ue was
taken in this study, follow ng the observation that the
clarity of peak P, is a better estimation of threshold and
the absolute latency is not very inportant (Maurizi, et al.
1984). Innornmal adults, the pure tone threshol ds range from
5-15 dB. The peak P, was clear for 9 subjects at 30 dB nHL.
In this case, MR threshold is about 15-25 dB SL above t he
behavi oural threshold. |In the remaining 4 subjects, the peak
Powas clear at anintensity of 40 dB nHL. This indicates
that the MLRthreshold lies 25-35 dB SL of behavi our threshol ds

in those 4 subjects.

Tabl e-2: Pure tone threshold for 500 Hz and intensities at
whi ch cl ear peak Pa was obtained in nornmal geriatrics.

Subj ects Pure tone threshold Intensity at which clear Pa
for 500 Hz was obtained in dB nHL
1 15 30
2 5 40
3 20 30
4 0 40
5 20 30
6 10 40
7 10 30
8 15 30
9 15 30
10 10 30
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Tabl e-2 shows t he rel ationshi p between pare tone
threshol ds for 500 Hz and cl ear peak P, at different inten-
sities innormal geriatrics. The pure tone threshol ds
range from0-20 dB in the geriatrics. Six subjects showed
a clear peak P, at 30 dBnHL. Fromthis, it was concl uded
that the MLRthreshold lies 10-30 dB SL above the behavi our al
threshold. For the remaining 4 subjects, the peak Pa was
clear at 40 dBnHL. This indicates a relationship of

20-40 dB SL between the pure tone threshold and MR t hreshol d.

Based on t he above data, it can be concluded that in
both the adults and geriatrics, the MLRthreshold |ies
within 20-30 dB SL of the behavioural threshold on an average.
A better estinmate however coul d be obtai ned whan nore subjects

are i1 nvol ved.

The mai n purpose of the study was to find out the sex
variations in MR peak |atencies for normal adults as well
as the geriatrics. Using the N col et Conpact Auditory System
M.R wavef orns were obtained for 500 Hz tone bursts. Peaks

No, Po, Ny, Ps, N, and P, were considered for the study.

The | atenci es were consi dered when -
- a sharp peak was obt ai ned
- a sharp peak was not obtained, the md point of the peak

was taken for |atency.
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- a gradual sl ope was obtained, again md point of the
sl ope was not ed.
- a doubl e peak was obtai ned, then md poi nt was consi der ed.
- the wavef ormwas fuzzy, that was rejected and anot her

clear waveformwas tried to obtain.

The peak | atency val ues were then subjected to stati -
stical analysis. WIcoxon test for independent sanpl es was

used to anal yse the peaks N, and P, only. This was done

because these two peaks were obtained fromall the subjects
consi stently. The ot her peaks did not energe, clearly and
consistently in all the subjects to require extensive stati -
stical analysis. However all the peaks were subjected to
detail ed descriptive analysis al so. The stimlus frequency
consi dered was 500 Hz according to Brown and Shal | op (1981),
Naurizi et al (1984) who reported that tone bursts of 500 Hz
gi ves frequency specific response. The test was started at
60 dB nHL followi ng the report that at noderate intensities,
t he anplitude of MLR waveform|evels of f (Qzdamar and Kr aus,

1983) .
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Tabl e-3: MLRpeak | atency at 60 dBnHL f or 500 Hz t one bursts

in nor nal adul ts.
Sub- Sex Ear No Po N Pa Nb Pb
jects t est ed
1 M L 16.6 19.4 24.0 32.4 48.6 -
2 M R - 13.0 21.2 34.4 48.4 -
3 H R - - 20.0 29.4 44.4 -
4 M R T 2.8 30.0 46.2 -
5 M R T 22.6 28.4 - -
6 M L - 10.4 20.6 31.4 47.2 -
7 F R " 164544 384 484 -
8 F L - - 22.6 32.8 40.8 59. 8
9 F L - - 22.2 35.0 - )
10 F R - 21.8 29.2 41.0 -
11 F L - 22.1 33.4 41.4 -
12 F L - - 17.0 28.2 42.6 -
M- | n(;Ii cates Mal e; F - Indicates Fenal e

R- Indicates right; L - Indicates |left.
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Tabl e-3: In normal adults, consistent val ues were
obtained only for peaks N, and P,. Statistical analysis
was perforned for these two val ues. Mean | atency for N,
inmales is 21.7 msec. with the range of 20-24 m sec. and
in females 22.1 msec. with the range of 19.4-24.4 m sec.
It was noticed that in females the nean as well as range
of latency was increased slightly though it was not stati -
stically significant. The peak P, nean latency in nales
Is 31.00 msec. with arange of 28.6 - 34.4 msec. and in
females 32.10 msec. with the range of 28.2 - 38.4 m sec.
Agai n fenal es showed slightly increased nean and range of
| atency at 60 dB no significant difference exists between

nornmal males and fenales for N, and P, .

On descriptive analysis it was noticed that only
one nmean out of 12 subjects showed a peak N, at a | atency
of 16.6 msec. Peak P, was found in 4 (1 fenale, 3 nal e)
subjects. The range of latency was from10.4 msec. to
19.4 m sec. Peak N, was obtained in 10 (4 nales and 6
femal es). The latency ranged from40.8 - 48.6 msec. P,
peak was found at a latency of 59.8 msec. in one fenal e
out of 12 subjects. No N, peak was noticed in any of the

subj ect s.
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Tabl e-4: M_.Rpeak | atenci es at 40 dBnHL for 500 Hz tone bursts
in normal adults.

Sub-  Sex  Ear No  Po [ No Pb Ne
jects tested
1 M L - 19.8 24.4 36.2 49.260.8-
2 M R - - 18.2 34.8- - -
3 M R - - 22.0 29.0 42.8- -
4 M R - - 21.4 33.2 47.0- -
5 M R - 10,0 23.4 31.4 40.6- -
6 M L 11.2 24.0 33.6 48.2- -
7 F R - 16. 2 24.5 41.2 51.0- -
8 F L - - 24. 2 34.0 47.4- -
9 F L - - 23.8 35.0 - -
10 F R - - 24.0 30.8 43.6 53.4 67.
11 F L - 13.0 21.4 32.6 42.2- -
12 F L - 10,0 19.2 35.4 42.8- -

M- Indicates Male: F

| ndi cat es Fenal e

R - Indicates Rght; L -Indicates left.
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Tabl e-4: shows peak | atencies at 40 dB nHL i n nor nal
adults. Statistical analysis was done for |atencies of N
and P,. For peak N, mal es showed a nean | atency of 22.93
msec. with arange of 21.4 - 24.4 nsec. while fenale
showed a latency of 22.9 msec. wth a range of 19.4 m sec.
to 24.6 m sec. Only the range of |atency showed sli ght
I ncrease in case of femal es which was not statistically
significant. The peak P, showed a |atency of 32.4 m sec.
wth arange of 29.0 - 34.8 msec. in nmales and a | atency
of 34.6 msec. wth arange of 30.8 - 39.8 msec. Again
f emal es showed i ncrease i n both factors but differences between

mal es and fenmal es were not significant statistically.

On descriptive analysis no N, peak in any of the
subj ect was noticed. S x subjects (3 nales and 3 fenal es)
showed the P, peak at a latency range of 10.0 - 19.8 m sec.
Ten subjects (5 males and 5 fenmal es) showed the N, peak
wth a range of 40.6 - 51.0 msec. P, peak was seen in only
one male at a latency of 60.8 msec. but the peak was not
very clear. In one fenale it was seen with a | atency of
53.4 msec. Here a double peak was noticed. Peak N
was seen only in one fenale at a latency of 67.0 m sec.
whi ch was a doubl e peak. In this case as intensity reduced
the | atency val ue appeared to increase also the wave form

showed reduced clarity.
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Tabl e-5: MLR peak | atencies at 30 dB nHL in normal adults for 500 Hz
t one bursts.

jSlngt' s % lested M Po N Pa N P N
in nsec.
1 M L - - No cl ear peaks - -
2 M R - - 22.2 38.2- - -
3 M R - No cl ear peaks -
4 M R 15.8 19.4 22.8 33.652.2- -
5 M R - 10.8 24.4 33.4---
6 M L - 11.2 25.0 34.648.2- -
7 F F 8.6 17.2 24.2 - No clear peaks -
8 F L - - 26.2 36.245.8- -
9 F L - - 24.0 37.047.2- -
10 F R - 2000 25.2 36.2 54.6 554 69.0
11 F L 9.6 13.4 24.0 34.448.4- -
12 F L - 14.6 19.4 Tt
M- Indicates male; F - Indicates fenale

L - Indicates left; R- Indicates right.
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Tabl e-5 shows peak |atencies of MLRat 30 dB nHL in
normal adults. |In this case statistical analysis was not
done si nce none of the peaks were consistent in all the
subjects. On descriptive analysis it was noticed that ten
subjects (4 nmales and 6 fenal es) gave cl ear wavef or ns.
Two subjects did not show any of the peaks. One subject
showed only 2 (22.2 msec. andPa, 34.2 msec) peaks.
Peak N, was noticed in three subjects (1 nale and 2 fenal es)
with the |atency range of 8.6 - 15.8 msec. P, was noticed
I n seven subjects (3 nmales and 4 fenales) with the |atency
range of 10.80 - 19.4 msec. N, was noticed in ten subjects
(4 males and 6 femal es). The latencies ranged from19.4 -
26.2 msec. P, was noticed in nine out of twelve subjects
(4 nales and 5 females). Inthis case the |atency was from
33.4 - 370onmsec. nly six subjects (2 males and 4 fenal es)
showed peak N, wth range of 44.6 - 52.2 m sec. Peak P,
at a latency of 55.4 msec. was seen in only one fenal e
subject. Peak N, was al so seen in the sane subject. |Its
| atency was 69 msec. GCenerally it was noticed that at
30 dB nHL very sharp peaks were not present, instead nore

doubl e peaks were seen.
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Tabl e-6: MR peak latencies at 60 dB nHL for 500 Hz tone
burst in geriatrics.

SUb- gy Ear No Po Na Pa No Pb

jects t est ed in nsec.
1 M L - 14.8 22.0 30.0 40.4 52.6
2 M R 14. 8 18.6 22.8 30.2 43.2 -
3 H L - 14.2 19.8 29.2 40.2 )
4 M R 12.0 16.6 22.6 31.2 - -
5 M L 12.0 14.8 23.4 32.1 41.4 52.1
6 F R - 12.4 20.0 30.8 - -
7 F R - 13.6 22.2 30.6 - -
8 F L - 17.0 21.0 32.8 44.4 55.4
9 F L - 16.0 22.6 34.0 45.6 -

10 F R - - 19.2 29.0 42.2 -
M- Indicates male; F - Indicates fenale

R- Indicates right; L - Indicates

| eft.
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Table-6: shows MLR peak latencies of geriatrics at
60 dB nHL for 500 Hz tone bursts. Statistical analysis
was done only for peaks N, and P, which were the only
consistent peaks seen in the geriatric waveforms of MLR.
For peak N, the males showed a latency of 22.1Qm.sec.
(range of 19.8 - 23.4 m.sec) while females showed a latency
of 21.omsec. (range of 19.2 - 22.6 m.sec). In this case
females showed slight reduction in the mean latency as
well as the range. This observation is different from
what was seen at 60 dB nHL in normal adults. But this
difference is not significant statistically. For peak P,
the males showed a latency of 30.54 m.sec. (29.2 - 32.1
m.sec. range) while females showed a latency of 31.44 msec.
(29.0 - 34 m.sec range). In this case a slight increase
was noticed for the mean latency as well as the range of

latency which was not statistically significant.

On descriptive analysis 1t was noticed that peak N,
was seen in only three males with the latency range of
twelve to fourteen-eight m.sec. Peak P, was seen 1in all
but 1 female out of the ten subjects the latencies ranged
from 12.4 - 18.6 m.sec. Seven subjects (4 males and 3
females) showed peak at 40.20 - 45.6 m.sec. Peak P,
was seen 1n 3 subjects (2 males and 1 female) with a latency

of 52.1 - 55.4 m.sec. No N  peak was noticed.
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Tabl e-7: MR peak |atencies at 40 dB nHL for 500 Hz tone

bursts in geriatrics.

CE T
1 M L 11.6 13.4 23.6 31.6 43.2 -
2 M R- 19.2 22.8 31.6 43.8 -
3 K L- ) 20. 4 33.0 41.8 -
4 M R- 17.2 24.4 35.0 - 50. 8
5 M L- 19.6 24.2 33.6 - -
6 F R- - 21.8 30.0 - -
7 F R- 18.6 24.6 33.6 44.4 53.0
8 F L- 21.0 23.2 32.0 43.6 -
9 F L- - 22.2 35.2 44.2 -
10 F R- 11.2 23.8 3.0 43.8 52.0
M- I ndicates nal e; F - Indicates fenal e

L - Indicates left; R - Indicates right.
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Tabl e-7 shows MR peak | atencies at 40 dB nHL in
geriatrics for 500 Hz tone bursts. Peaks N, and P, were
subjected to statistical analysis. Peak N, at a | atency
of 22.8 msec. (20.4 - 24.2 msec.range) was seen in nal es
whil e fenmal es showed Peak N, at a latency of 23.10 m sec.
(21.8 - 24.6 msec). Aslight increase which was seen in
the female for both these factors was not significant.

Peak P, was seen in nales at 32.80 msec. with the range
of 31.20 - 35.0 msec. In females it was seen at a |atency

of 32.30 msec. (30 - 35.2 msec. range).

At 40 dB nHD t he | atencies of the various peaks
appeared to increase. 11.6 msec. was the | atency of
peak N, which was seen only in 1 nmal e out of the ten
subj ects. Peak P, was noticed in seven subjects (4 nal es
and 3 fenales) with arange of 11.2 - 21.0 m sec. Peak
N, was clear in seven subjects (3 nales and 4 fenal es)
with the latency range of 41.8 - 44.4 msec. Only three
subjects (1 nale and 2 fenal es) showed peak P, ranging from
50.8 - 53.0 m sec. No N, peak was noticed in any

of the subject.
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Tabl e-8: MR peek latencies at 30 dB nHL for 500 Hz tone

bursts in geriatrics.

Sub-  Sex  Ear No PO Pa Nb Pb
jects Test ed Na in msec.

1 M L - - 23.8 34.8- -

2 M R - cl ear wave form -

3 W L 11.8 14.6 19.6 36.2- -

4 H R No cl ear wave form

5 H L -20.0 23.8 35.4- -

6 F R No cl ear wave form

7 F R - 26. 2 34.2 46.2 52.6

8 F L No cl ear wave form

9 F L - - 27.0 34.8 49.4-

10 F R -17.027.0 33.2 43.2-
M- Indicates nmale; F - Indicates fenale

R - Indicates right; L - Indicates left.
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Tabl e-6 shows MLR peak | atencies at 30 dB nHL for 500 Hz

tone bursts in geriatrics. Since at this intensity all the
subj ects did not show consistent peaks no statistical analysis
coul d be done. In four subjects no clear wave forns were
obtained. At a latency 11.8 msec, only one subject showed
the peak N,. Three subjects (2 nales and 1 fenal e) showed
peak P, at a |latency range of 14.60 - 20.0 msec. Peak N,

was seen in six subjects (3 males and 3 fermal es) at 19. 60

- 27.0 m sec. The sane six subjects showed P, at 33.20 -
36.20 m sec. Peak N, was seen in 3 fenal e subjects at a
range of 45.20 - 49.4 m sec. Peak P, was seen at 52.6 m sec.
in only one fenmal e subj ect out of the ten subjects. 1In none
of the subjects peak N. was observed. But at this intensity

t he peaks were uncl ear. Mre doubl e peaks were noti ced.

DI SCUSSI O\

According to results obtained no consistency was found
bet ween MLR and pure tone threshold so as to indicate the
rel ati onship between themas a single nunber. So a range
has been used to express this relationship. The |level of
MR was found to be 20 - 30 dB SL above the behavi oura
threshold. As the stimulus intensity reached near threshold

| evel s t he peaks were seen to becone distinct. Most of
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the normal adults as well as geriatrics showed cl ear peak P,
at 30 dB nHL. But at this level |atencies of the peak were
I ncreased. | n sone cases doubl e peaks and fuzzy wave forns

wer e al so obt ai ned.

The peak P, was found to be the stablest. This observa-
tion is an agreenent with Maurizi et al (1984) who say that
detectable P, is a nore significant neasure of auditory
threshold. That is why the peak P, was considered for com
paring with MLRthreshold. It was also noticed that there
was a slight increase in the latency for N, and P, peaks as
the stimulus intensity was reduced. This agrees with the
st udi es done by Madel| and Goldstein (1972), Picton et al
(1987), Thornton et al (1977).

There were no statistically significant latency diffe-
rences between nal es and females in both groups of subjects
for peaks P, and N,. This nmay reflect the supposition that
there i s no physiological difference existing between nal es
and femal es. This study does not reflect the findings of
Allison et al (1983) whieh says that differences due to age
are nore stronger in nmales for ABR neasurenents. They try
to explain this difference on the basis of auditory pat hway
| engt h. The differences between nmales and fenmales in this

study for absolute latency as wall as |atency range were not
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statistically significant. These two values were slightly

increased in females of both the adult and the geriatric

group.

The waveformclarity reduction may be because of
novenent of the head and neck by the patient. It is also
noti ced that as a subject began to sl eep, the nuscle increased.
Thi s may be because of the nodding of head. As they were

made to sit properly, but rel axed t he waveforns becane cl earer.

Thi s study can be considered as one of the first in
terns of normative data for MLRwave forns in the geriatric
popul ation. A ong with indication of absolute |atency val ues
for the different peaks, it al so enphasises on the variations
exi sting between nmal es and fenal es, which is an inportant

aspect of nornmative dat a.



SUMVARY AND CONCLUSI ON

The present study was designed with the ainms of finding

out

a) Whet her any relationship exists between behaviour threshol ds
and thresholds for MLRin normal adults as well as geriatric
subj ect s.

b) Whet her any sexvariation is noticed for thresholds of MR
in adult normals.

c) Whet her any such sex variation exists for threshol ds of

MLR in geriatric subjects.

Twel ve normal adults (age range of 18-23 years) and ten
geriatrics (age range of 50-62 years) were selected. Their
threshold levels for pure tones were obtained for the frequency
range of 250 Hz - 8000 Hz which was within 0-20 dB for nornals
and 0-40 dB for the geriatrics. MR waveforms for tone bursts
at 500 Hz for intensities 60 dB, 40 dB, 30 dB nHL were found
put. The latency values for peaks N, P, , No, P,, and N, and
in some cases P, and N, were noted for 2000 stimuli at a rate
of 9.7/sec. The values were statistically as well as descrip-
tively anal ysed. W/ coxon test for independent sanples was
used for analysing peaks N, and P, as they were the only con-

sistently obtainabl e peaks.

The results indicated that,
a) Innormals, the MLRthresholds lie within 20-30 dB SL of
behavi our thresholds. In the geriatrics, they lie within

20-30 dB SL of behaviour thresholds on an average.
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b) There were no significant differences between normal
mal es and females for N, and P, peak |atencies of the
M.R waveform
c) Also no sginificant differences were present between male
and femal e geriatric subjects for N, and P, peak |atencies
of the MLR waveform

d) The stinuli used ie tone bursts seemed to elicit |ess earlier

peaks
N, and P, as conpared to click stimuli. This is reported

by Sujatha (1991).
e) Latencies of different peaks for tone bursts were increased
conpared to those elicited by click stimuli (Sujatha, 1991).
f) No significant age difference was noticed in two groups of

geriatric subjects (Bhuvaneshwari, 1991).

Limtations:

- Less nunmber of subjects in adult as well as the geriatric
group so that generalization is not possible.

- Since the case was seated on a chair absolute neck nuscle
rel axati on may not have been possible.

- Only one frequency was tested.
Recommendat i ons:

- To use more nunmber of subjects.
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- To change the testing position to a |lying down position
wi th proper head rest so that nuscle artefacts reduce.
- To confirmefficacy of MLR as a sensitive neasure of |ow
frequency hearing, using 1000 Hz and 2000 Hz frequencies

al so.
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