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| NTRCDUCTT ON

The history of science is nmarked by a sl ow but steady
progress fromthe unknown to the known. The tower of know
| edge about the ear has been built frombricks |aboriously,
fashi oned over the years, even centuries. Each new finding
provi des as i nmedi ate sol ution for some probl embat for
others it suggests still another question. Though the tower
of physi ol ogi cal neasures available to exam ne the audi o-
vesti bul ar systemis well based, it woul d never be consi dered
conpleted. Today's edifice is the result of yesterday's
efforts and is the structure on which to build tonmorrow s
achi evenents. This edifice, not built for the sake of know
| edge al one but also for the better care and treatnent for

peopl e with hearing inpairment.

The bioel ectric potentials of the central nervous
system are utilized as nearophysiol ogical indicaters of
auditory function. Their applications to clinical audio-
netry are many. W can record the follow ng starting at
the periphery that is the cochlea and progress along the

audi tory pat hways to the cortex.

1. Endocochl ear potentils and conpound auditory nerve action
potenti al s.

2. Brain stemevoked potenti al s.



3. Mddle | atency responses
4. Cortical evoked potentials (V-potential)
5. Cortical d.c. potentials.

According to their latency the auditory evoked response
have been classified into early (0-10 msec), mddl e (10-50
m sec) and |late (50-400 m sec). The mddle |atency responses
were first reported by Ceisler, Frishkopt and Rosenblith
(1958).

The origin of the mddle |latency responses is still in
debate. Sone studies prove that they are nyogenic in origin
and sone others contend that they are neurogenic in origin.
The di sput e about the nyogeni c versus the neurogenic origin
which was initiated by Bickford et al. (1964) has not been

resol ved as yet.

Li ke ot her responses such a early responses and corti cal
responses, the mddle [atency responses are also elicited

utilizing averaging and summ ng t echni ques.

According to various studies the mddle |atency response
waveforns are affected by the type of stimulus, its frequency,
intensity, stimilus, repetition rate, the rise tine of the

stimulus and the nuscle tone. Al so both natural sleep and
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drug i nduce sleep are said to have effects onthe mddle

| at ency responses. Commonly used stinuli are tone bursts,
tone pips and filtered click,. The stimulus repetition

rate used i e 10/ sec.

The studi es done on mddl e | atency responses for the
past four decades should help as utilize themclinically.
However there have been only a few studies of these Mddl e
conponents in clinical situations. Masurenent of mddle
| at ency responses is an useful way of determning | ow
frequency auditory threshold according to Barajas, Exposits,
Fernandez and Martin (1980). Mddl e | atency response at
500 Hz is a sensitive neasure of auditory threshold
(Kavanagh, et al. 1984). The positive correlation obtained
by conventional audionmetry and el ectrophysi ol ogi cal response
i ndi cated that as the 500 Hz threshol d obtai ned by conven-
tional audionetry increases the threshold obtained by 500 Hz
m ddl e | atency response al so i ncreases. The differences were
+ 15 dB between t he audi ogram threshold and the m ddl e
| at ency response at 500 Hz tone pi ps (Kavanagh, at al. 1984).
According to himmddl e | atency response under sedation can

be a good predictor of behavioural hearing at |ow frequencies.

The m ddl e | atency responses are the |ink between the

audi t ory brai ngst enevokedresponseandauditorycortica
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responses is the auditory propagation and are therefore al so
of inportance in the analysis of the quality, of the audi-
tory afference (Qzdaner et al. 1982). However the clinica
utility of mddle |latency responses is questioned due to
t he controversy concerned w th nyogeai c and aeurogeni c origin

of them

Though the origin of the mddle |atency response i s not
known as yet, there have been many attenpts to conpare the
mddl e | atency response waveforns of neonates, young children
and adults. They are nainly attenpted to seeif mddle
| at ency response wavef ormchange wi th age and howt hey coul d
be used clinically for differential diagnosis. The present
study is one such attenpt to study the age related variations
in the mddle |atency response waveforns conpari ng young

normal adults with geriatrics.

The three nain ains are:
1. To study the norphol ogy of the mddle |atency response wave-
forns ia geriatrics.
2. To conpare the geriatric mddle |atency responses w th young
adult normal wavef orns.
3. To conpare the mddle | atency response wavef or ns bet ween
two groups of geriatrics 50-55 years and 60-65 years and

to see if there are sonme changes in terns of | atencies.



REM BV G LI TERATURE

W nust wel cone the future, renenbering that soon it
w Il be the past, and we nmast respect the past, renenbering
that once it was all that was humanly possi ble. (CGeorge

Sant ayana, 1957).

These words of George Santyana may be consi dered good
connsel for and a challenge to the disheartened clinician
or researcher. What was not possible yesterday i s possible
today bat whatever is possible today is made possible from
t he base of yesterday. This chapter produces a brief summary
of events that took place in the yesterdays of mddl e | atency

response ( MLR).

Berger first reported human brain potentials (Bezger,
1929). After ten years Davis gave effects of auditory
stinmul ation on human brai n wave (Davis, 1939). These effects
were terned as el ectroencephalic responses. Wth the
advancenent of electronic and conputer technol ogy, the electro-
encephal i ¢ response audionetry cane into pietare. 1In the
m d 1950s and 1960s determnation of hearing sensitivity
by the use of auditory evoked cortical potentials becane
t he subj ect of research(Davi son, 1954; Derbyshire, et al.
1956; Walter, 1961). HE ectroencephalic response audi onetry
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(ERA) or averaged evoked response audionetry is an objective

test for central | esion.

As electronic and conputer technology grow so did
the ability to detect and anal yze | ower vol tage corti cal
evoked response (ol dstein, 1965) and the brainstemor early
evoked response (Valter, 1964; Jewett et al 1970; Jewett and
WIlliston, 1971) was able to denonstrate a very | ate com
ponent of the evoked cortical response. Sonetines referred
to as very slow (1300 m sec. to several seconds) whose
presence was contingent on sone foregoi ng event/stimul us.

Later they found four types of electroencephalic responses.
Early responses with |atency of 0-10 m sec.
M ddl e responses with latency of 10-50 m sec.

1

2

3. Late response with |atency of 50-300 m sec.

4 Very | ate responses with [atency of greater than 300 m sec.
(

Picton, et al, 1974; Davis, 1976; Picton, et al. 1977).

Al t hough descri bed nore than 30 years ago (Cei sl on,
Fri shkopt, and Rosenblith, 1958) relatively little is known
about the MLRin conparison with the ABR (Auditory brai nstem
response) and the late Auditory evoked potential (AEP). Wen
the m ddl e | atency conponents were initially reported (Ceisler,

Fri shkopt, and Rosenblith, 1958) they were called the early
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AER response but have nore recently been terned the M.Rs
(Picton, HIllyard and Krausz et al. 1974; Davis, 1976b)
due to the definition and increased interest in the audi-
tory brain stemresponse which occurs before the mddle

| atency group (Jewett and WIIliston, 1971, Skianer and

d attke, 1977; Starr, Sohmer and Cel esia, 1978). Mddle
| at ency AER conponents occur at a |atency of 10-50 nsec.

and have anplitude ranging from0.5 to 3.0/uV.
Qigin of the MRs:

There has beea much controversy over the origin of
the MLR of the auditory evoked cortical potential. GCeisler
et al (1958) believed that this conponent was gener at ed
neural |y rather than by nuscul ature beneath the surface of
the el ectrodes. The M.R waveformchanged greatly or dis-
appear ed al toget her when neck and head nuscl e tonus was
systematically varied. So it was believed that MLRs were
nyogenic inorigin (B ckford et al. 1964; Mast, 1963;
1965). There are numerous studi es which support and reject

t he neurogeni ¢ versus nyogeni c origin of MRSs.

Ceisler (1964) felt that only the anplitude of the
response was affected by nmuscle and that the basic of the

response was neural .



Ceisler et al (1958) said MLRoriginated fromthe
cortex. They cane to this conclusion because of the
foll owi ng reasons:

- Repeated evaluation in the same subject gives the same
results.

- M.R can be recorded froma wi de area of scal p.

- Bilateral response is evoked even on a nonoaural stimnu-
| ati on.

- Symmetrical placenent of el ectrodes show sane response.

- Latencies are conparable to onset |atency of somato-

sensory and vi sual systens.

Ruhmet al (1967) recorded MLRs fromt he exposed
cerebral cortex of humans and found MLRs with simlar
intensity and nor phol ogi cal characteristics. They said

this indicate that MLRis a neurogeni c response.

Harket et al; Celesia et al, Celesia and Puletta
support these findings:
Ronme (1981) listed a few reasons as to the non-agreenent
about site of origin.
- The el ectrodes are placed away fromthe neural generators.
- Ipsilateral and contral ateral pathway are present.
- Sinultaneous activity of generators.

- Overlapping activity of nultiple sites.
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Al these factors would nake it difficult to conetoa

di ci sion about the exact point of origin of MLRin the brain.

The earlier mddl e | atency conponents (Na, Po and Ha)
m ght arise fromthe nedial genicul ate and pol ysensory
nucl ei of the thalamus while the later portions of the
waveforns are found over wi de areas of association cortex
(Ceisler et al. 1958; Picton, HIllyard and Krausz et al.
1974; Davis, 1976b). During intracranial surgery, when
el ectrodes were placed on the superior surface of the tenporal
| obe recordings yielded a large positive wave simlar to Pa
In the latency range gaite simlar to the vertex of the

scalp (Celesia and Pul ette, 1969; Cel esia, 1976).

Conpr ehensi ve scal p distribution studies of the mddle
| atency range (CGoff, Massumasya and Al lison et al. 1974,
Goff, Allison, Klyone, et al. 1977) suggested that these
response are primarily neural in origin, especially for
stimuli of lowto noderate intensities and when el ectrodes
I's not overlying the inion (Mast, 1963; 1965; Picton, Wods
and Brai beau-Braun et al. 1977). Sone authors Jarcho, 19497
Chang, 1950) had recorded potentials with simlar |atencies
directly fromthe cortex in aninmals. However recent clinica
evidence with bilateral auditory cortical danage suggest that

these MLRs don't arise fronprimary auditory cortex (Parving,
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solonmoni and El berling et al 1980). Goldstein and Rodnan

(1967) believed that M_LRs are neurogeni c predom nantly

when used stinulus intensities dose to the auditory threshol d.

Fl ani gn (1967) suggested the presence of a cochl eoneur o-

geni c response at low intensities.

Using a nultiple coronal electrode array, Cohen (1982)
found a revenal for Pa at the level of the sylvian fissure,
suggestive of a depol e source in the superior tenporal plane.
Ani mal experinents showed a generator site of Pa in the
anterior part of the contralateral primary auditory cortex
(Kaga et al. 1980). Buckwald et al.(1981) |ocalized the
source of Pa in the nedial restral mdbrain reticular formnma-
tion projection of the thalamus and for Po in the prinary
auditory propagating systemfromthe brain stemto several

forebrai n systens were postul at ed.

Hashi noto (1982) attributes No, Po and Ha or the SMg

to post-synaptic activity fromthe inferior colliculi.

Parving et al (1980) reported that m ddl e conponents
of the auditory evoked potentials are nearogenic origin.
They do not regard the integrity of the primary auditory
cortex to be of major inportance for the generation of the

| at e conponent s.
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Furthernore they disagree with Mendel (1979) that the
m ddl e conponents are generated in the primary auditory

cortex.

In 1977 McFarl and et al used tone pips of 500 Hz 1 KHz
and 3 KHz having a rise/fall time relatively to peripheral
hearing loss in the patient and to correspondi ng nornative
tenpl ates. Based upon the conbi ned procedure its concl uded
t hat the m ddl e conponents cannot be generated excl usi vel y
if at all intheprimary auditory cortex, located in the
tenporal |obe. Furthernore the responses are found to be
of neurogenic origin according to t he methodol ogi cal proce-

dures appli ed.

The MLRs in humans are simlar to that of aninal cortical
responses. They reflect activation of thal amus and cerebral
cortex (Picton and Smth, 1978). |In a rhesus nonkey Py, is
originated fromthe primary auditory cortex. Qhers is Ny,
Niogo, N arise fromthe other parts of cortex. Py, is only
potential which is generated from supra-tenporal plane

(Arezzo et al. 1975).

M.R i n cats under general anaesthesia was studi ed.
Effect of unilateral and bilateral M3 destruction was not ed.
It was found that MLRs were generated at upper |evel of
superior colliculus. The Na conponent is due to contral atera
M=B Wiile Pa is a conpound response froma w de area (Ucheda,

| chi kawa, Koh, and Harada, 1979).
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There are a few studi es which may that MLRis not
excl usively generated fromthe auditory cortex (Qzdamer

et al. Krausz et al. and Parving, et al. 1983).

The nuscul at ure hypot hesis was first put-forth by
Bickford et al. (1964); Mast, (1963, 1965) when they found
t hat the response wavef ormchanged greatly or di sappeared
al t oget her when neck and head nuscl e tonus was systenati -
cally varied. Several reports have noted that sound
evoked activity from scal p nuscl es occur at the sane |aten-
cies as that of the latencies recorded during intracranial
surgery (using el ectrodes placed on the superior surface
of the tenporal | obe), especially when the stimulus is
relatively intense (Bickford, Jacobson, and Cody, 1964;

Bi ckford, 1972; Picton, HIllyard and Krausz et al. 1974).

Sone evi dence whi ch did not accord with the concept
of neurogenic origin was that the |argest response were
recorded when the active el ectrode was pl aced over the inion
(a snmall bony protuberance on the mdline of the skul
| mredi at el y above the neck nuscles). In 1963 Bickford and
hi s col | eagues (Bickford, Gal braith and Jacobson 1963a;
Bi ckford, Jacobson and Gal braith 1963b) provi ded experi nent al
evi dence which showed with little doubt that the najor

conponents of the 8-30 ns response recorded from such sites



13

as the inion is post auricular region were neurogenic. Apart
fromthe i ndirect nature of the nyogeni c responses whi ch were
found to vary considerably on altering nuscle tone further
doubt was east on their clinical application when it was

shown that the inion responses coul d be obtained even whil e
stimulating a deaf ear acoustically provided the vestibul ar
function of the ear was intact (Cody, Jacobson, \Wal ker and

Bi ckford, 1964). Sone authors did not accept that the 830 ns
responses were entirely nyogenic. oldstein and Rodnan (1967)
bel i eved that when stimulus intensities dose to the auditory
threshol d were used they provi ded predom nantly neurogenic
responses. Ruhm and Fl ani gn (1967) suggested that the presence
of a cochl eonearogeni c response at lowintensities and a

vesti bul o-nyogeni e response at high intensities. There are
many studies in aninmals, patient and nornmal subjects using

mul tiple scalp electrodes and intracranial recordi ngs which
have accunul at ed whi ch support the contenporary vi ew t hat

t he MLRs coasi sts of bot h nyogeni ¢ and neur ogeni e conponents.

The di spute about the nyogeni c versus neurogenie origin
of the MLRinitiated by Bickford et al (1964) has not yet
been resolved. A though the MLRs are thought to be generated
central to the brai nstem an understandi ag of the specific

generator site is necessary before they can be naxinally
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utilized clinically, at present, consensus is |acking regard-
ing the origin of MLRs in humans (Vaughn and Ritter, 1970;
Picton, at al. 1974; Cel esia, 1976; Goff, Mateum ya, A lison

and Gof f, 1977; Cohen, 1982; Kraus, Qzdoner, H er and Stein,

(zadaner ,
1982; /Kraus, Carry, 1982; Wod and WI paw, 1982) or aninal s

(Arezzo, Pickoff and Vaughn, 1975; Teas and Ki ang, 1964;
Kaga, Hi nk, Shinoda and Suzuki, 1980a; Buchward, H nman,
Her man, Huang and Brown, 1981; H nman and Backward, 1983).

Wavef orm

The MLR typically have a waveformw th two naj or positive
peaks (vertex referred to nastoid) and three negative peaks.
These peaks were | abell ed No, Po, Na, Pa and Nb by Col dstein
and Rodman (1967).

Hrplitude (uv) —>

Time (M.Sec ) —>
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Usi ng band- pass settings of 25-175 Hz with a sl ope of
6 dB/octave and a stinulus of 60 dB SL, the onset |atencies
of each of these peaks of the response waveformare
No = 8-10 ns; Po = 10-15 ns; Na = 16-30 nma; Pa = 30-45 ns
Nb

40-60 ns and occasionally Pb caa be identified with an
onset |atency of between 55 and 80 ns. MR waves Na, Pa,
No were the only conponents consistently recorded in all
subjects for all the filter band-pass configuration and
stimulus | evel s (Kavanagh, et al. 1984). These fi ndi ngs
are in agreenent with previous results by Seherg and Vol k
(1983) and (zdarmar and Kraus, 1983. The waveform Cei sl er
(1958) described included only one peak occurring at appro-

ximately 30 m sec. post stiml us.

D fferent investigations have used various tine w ndows
to view the MR dependi ng on how nuch of the waveformis
required for study often only Pa, Pb, Na and Nb are anal yzed
as they are greater in anplitude and nore stable than the
ot her MLRwaves (Mendel -Gl dstein, 1969). More specifically
its the Pa wave whi ch appears to be the nost robust and

consi stent MLRwave (Misei k, Ceurkink, 1981).

Mendel and Col dstein (1972) have given the follow ng

| at enci es:
Po = 11.3 msec Na = 20.8 nsec.
Pa = 32.8 nsec. Nb = 45.5 nsec.

which are in agreenent with Col dstein and Rodnman' s val ues.
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Po = 10. 7 nsec. No = 47.2 nsec.
Na = 19.7 nsec. Pb = 64.0 nsec.
Pa = 29.7 nsec. (Lane, et al.1974.

Mendel son, Salany (1981) - latency of Po shorter than
Pb but |onger than as reported by other authors. These
differences in latencies are due to brief duration stimul

or wi de band pass filter or a conbination of both.

Auditory evoked potentials for tone pips within 0-25
m sec. showed conponents Py Nis, Py , 10, 15, 20 etc.
refer to | atency val ues (Suzuki, Yashuhito, Horiauchi, 1981).
There are several aninmals studies indicating the presence of
M.R. The waveforns were neasured at the vertex in unaesthesized
rat two positive peaks which unify at 30 nsec. w th increasing
age and two negative peaks were noticed (Iwara and Pol sic,
1982). When done in eats using subdernal el ectrodes 2 positive
and two negative peaks were noticed. The latencies of positive

peaks fall within 20-50 msec. (WAl sh et al. 1986 a, b) .

I n non-human prinmates ie a six nonth orangutan and 15
nonth ol d macaqui | a negative conponent of 7-13 m sec. |atency
and a positive conponent of 25-35 msec. were noticed (Krausz eta
1985 b) . In adult Gerbil, MR was obtained fromcontral ateral

tenporal |obe two positive and one negative peaks were noticed
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(Krausz et al. 1987a). |In young gebrils wave Bis first and
t hen wave C appears (Krausz, Smth, MCGee, Sein and Carter,
1987).

Factors affecting MR

There are two types of paraneters which affect the MLRs.
They are exogenous factors and endogenous factors exogenous
factors are - factors which are related to stimuli, instru-
ment used for the test and recording paraneters like filter
characteristics etc. Endogenous factors are subject related
factors such as sleep, drag inducing drug, or anaesthesi a,

muscl e tone etc.

Stimulus related factors are -
Type of stimul us

Frequency of stimulus
Intensity of stinmulus

Nunber of stinul us

Rate of stinmulus presentation

o g A~ w N

R se-fall tine and duration
Types of stinuli:

There are different stimuli using which MR can be

elicited. They are tone pips, tone bursts, filtered clicks.
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unfiltered clicks, logans etc. Ildeal stimili should be exact
la timng so that the latency of the response is clear and

It should be frequency specific and its intensity mast be
known. Aa acoustic stimuli good for one purpose nmay be bad
for another eg. an unfiltered click iarich in increase fre-
guencies and is good with respect to synchronization of the
nerve inpulses. |t provides a precise stimuli for timng
purposes as it stimulates the whol e basal portion of cochl ea
al nost instantaneously and results in cl ose synchrony of
firing of the individual nerve fibres inthis area. Hence it
produces a |l arge, clear evoked response. dick stimili is
acceptabl e for qualitative assessnent of basal turn, but its
bad because it is acoustically conplex and is not frequency

specific.
Adick stinmulus:

Response with short |atencies AP; Ecochg, MLRs are best
evoked by clicks. Fast onset of clicks result in good
synchroni zation of the neural inpulses. A click stinmulus
stimul ates the whol e of the cochl ea although the synchroni za-
tion of the neural inpulses fromthe apical region is poor
due to the nature of the naturally wave. Analysis of a

typical click stimulus reveals that it contains a w de
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spectrum of frequencies and its oneset the increasing

frequencies predomnate. Mrtually all acoustic cli ck,
Used for ERA have a maxi mum energy |ying between 2-4 KHz.
The rawclick is not as sinple acoustically as the electric
pul se that excites the transucer. From the point of
seeki ng frequency specific information, click stimuli is
not very good and perhaps a high frequency filtered click

or a tone pip or tone burst with short rise tinme should be

consi der ed.

Filtered clicks: A click may be passed through hi gh and
| ow pass filters to elimnate all frequenci es except those
wthin alimted band width. Eberling (1976 a) describes a
met hod of obtaining frequency specificity fromclick Iike
stimuli. Transducer resonates at desired frequency. Eg.

TDH- 39 used to obtain a 2 KHz click.

Tone, Pi ps:
This is a norefrequency specific stimuli and obtai ned

by passing a single sinusoidal wave which starts and stops

at zero crossing through increase and decrease pass filters.

Shapes of a tone pip can nodified by mani pul ating the
rise-fall tinme and plateau for given fregenucy of pure tone

or by varying the steepness of the band pass filter and its

bandw dt h.



Tone bursts: 20

These are helpful in eliciting cortical response and it

allows for excellent frequency specificity. Longer duration
stimuli may be produced by passing more than one sinusoidal

wave through the increase and decrease pass filters.

A study by Maurizi, Oitaviani, Paludette,Rosignoli,
Almadori, Tassoni (1984) indicate a good reliability of MLC
when using alow and mid frequency tone pips compared to
Clicks. Responses show Po, Na, Pb, and Nb latencies are
greater and amplitude is smaller when compared to corres-
ponding waves elicited by clicks. While click stimuli tend

to evoke, somewhat longer latencies and greater amplitude
Mowry
changes compared to tone bursts (Zerlin and Naunton,1971;

Zerlin and Naunton, 1974) tonal stimuli have been found to
provide reasonably sensitive frequency specific responses
(Mouschgean, Rubert and Stillman, 1973; Kupperman and Mendel

1974, McFarland, Vivion and Goldstein, 1977, Thorton et al.

1977) .

The optimum stimulus is a click with a rise time of
10-100 1 s such a fast rise time limits the frequency
specificitory of the stimulus.So we can use tone pips,

tonebursts/filteredclicks (Zerlin, Mowry andNaunton, 1971,
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Zerlin, Naunton and Mocory, 1973; Kuppernman and Mendel
1974; McFarl and, Vivion and Gol dstein, 1974; Thorton,
Mendel and Anderson, 1977).

Stinmulation for MLR can be electrical or acoustical
in nature. No significant difference between | atencies of
electrically and acoustically evokeawaveforns in guinea
pi gs have been reported (Burton, MIler and Kil eny, 1989),
In profoundly deaf ears electric MLRs were present. Latency
of nmost electric MLRwas present. Latency of nost prom nent
positive peak was simlar around 20-30 ns to t he | atency of

acoustic MLR (Kem nk, Kileny and Arbon, 1989).

dicks have rise fall time of about 2-3 msec. and a
durati on of about 2 msec. (Mendel, 1982). Efective
response for clicks stimuli is noticed in awake adul ts
(Misei k, Ceurkink, 1981). Low frequency tone bursts were
found effective in anake adults (Brown, Shallop, 1981).

M.R wavef ormwas obtai ned for clicks as well as tone pips

in 20 normal subjects of 26-32 years. Results indicated
good frequency specificity while using tone pi ps. Po, Na,
Pb, Nb showed greater |atency but snaller anplitudes for
tone pips. This may be due to asynchrony of response evoked

by tone pi ps (Maurizizi, Qtavians, Paludetle et al. 1984).
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Nunmber of stimuli:

The MLRs are usual | y obt ai ned after 400-500 stimul us
presentations although McFarl and, Vivion, Wl f and Gol dstein
(1978) manage to obtain clear recordings after only 125
stimuli. Like other responses used for electric response
audionetry (ERA) the MLRs are al so can only be distingui shed
fromthe background of physiol ogi cal noise by utilizing
averagi ng and summng techni ques. Hortwitz and Larson and Sances
(1966) have stated that between 200-40 stimuli shoul d be
presented to obtain an average response. Lane, Kupperman
and CGol dstein used 1024 stimuli to obtain an average increas-
Ing the nunber of stimuli increases the anplitude of the wave-
form The response snoot her out and noi se reduces. But
several authors say that increasing the nunber of stimuli
from 1000 to 4000 does not increase the ease of identifica-

tion of MLR

MRandl e et al (1974) found a nunber of 256 stimuli
sufficient wwth a stinulation rate of 4.5/ sec. and 512

stimuli witharate of 9.6/sec.

Rate of stimuli:

M.R may undergo augnentation at rate 1/sec. 2.5/sec.

(Jerger et al 1987). MRandle et al (1974) found a nunber
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of 256 stimuli sufficient with a stinulation rate of 4.5/ sec.
and 512 stimuli with a rate of 9.0/sec. Arepetition rate
of 10/sec. is suggested for clinical purposes (Mendel, 1973).
He said that thereis little effect on the anplitude of

averaged responses by the rate of repetition.

Usage of late 9/sec.as this has the advantage of being

out of phase with common mai n power frequency (Mendel, 1977).

Arate of 1-10/sec. has noeffect on anplitude of wave-
form Increase in the repetition rate | eads to an overall
reduction in anplitude (Goldstein, Kodman et al. 1972; MFarl and,
Vivion et al. 1979). dick rates when reduced from1/63
sec. to 1/100 sec. produced increased anplitude. Presenta-
tion at rates slower than 10/sec. the anplitudes were not
| arger (Lowell et al. 1960). MR may undergo rapid adaptation
and augnentation at rates 1/sec. and 2.5/sec. (Jerger,

d oze, Erost et al. 1987).

I ncrease in repetition rate nay serve to decrease the
anplitude of MLR (CGeisler et al. 1958; Col dstein, and Rodnman,
1967; McFarland, Mivien and CGol dstein, 1977).

A summed MLR which is designated as the 40/ sec. MR
has been recently described by Gal anbos et al. 1981).
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According to themthe 40/ sec. MR tasks takes | onger
because typically a 50/100 msec. tinme wi ndow i s used.
These 40/ sec. MLRs are used clinically for the purpose of
nmeasuring hearing threshold. 40/sec. response i s based on
an interpeak | atency of 25 msec. According to Gal anbose
t he subject has to be w de awake during examnation in
order to be successful. A series of MLRw th 40 stiml
presentation reflects the basilar nmenbrane | ocation of
auditory nerve fibre excitation. This can be a prom ssing
new approach to clinical applications (Gl anbose, Macher g,
Tal machoff, 1981). The anplitude of 40 Hz AEP are al nost
twice as large as MLR anplitude for clicks and only slightly

| arger than anplitude for 500 Hz tone bursts.
Intensity of the stinmulus:

Intensity |l evel has effects on the anplitude of MLR
waveforns. Wien intensity is increased the anplitude al so
I ncrease (Goldstein and Rodnman, 1967). They found t hat
| at enci es appear stabl e but the peaks becane | ess defined
as the stimulus intensity reaches near threshold | evels.
Meadel (1979) reports that the anplitude of M.Rincreases
and | atency decreases slightly with increasing stimnulus
intensity upto noderate |evels. The noderate |evels accord-

ing to Dzdanan and Krauaz (1983) is 50-60 dB HL.



Mendel and CGol dstein (1992); Picton et al (1977); 25
Mendel and Anderson (1977) report that with increase in

stimulus intensity there is a slight decrease in |atency

as well as the invcrease in anplitude. But with increase

in intensity of tone pips did not show system c growh
i nanpl i tude for Na- Pa peaks, (Kuppernman and Mendel , 1974).
Rate of |atency changes of ML.R nay bear a cl ose relation-
ship to latency-intensity function of sononotor response.
(A bson, 1978). At higher intensities the waveform
changes quite suddenly and this has been attributed to

I ncl usi on of nyogeni ¢ conponents (Thornton, 1975).
Frequency of the stinulus:

There are not many studies to show the clear effects
of frequency on MLRwaveforns. This is because of stinulus
envel ope constituents demanded by fast repetition rates
used to elicit average responses. Tonal stimuli have not
been found effective. Instead, filtered clicks or tone
pips with | ow frequency band pass filters have been used.
Latency for each peak reduces with increased stimulus fre-
guenci es. Anplitude input-output characteristics also vary
with stinmulus frequency. The characteristics showlinearity
for early peaks and for an increase in frequency of stimulus

(Thornton, Mendel and Anderson, 1977).



Rise-fall time duration:

The M_LRr esponse nai nl y depends ononset of sti nul us.
so its called an response. In order to facilitate iden-

tification of response, a stinmulus wth shorter rise-decay
time and | onger duration should be used (Kupperman and

Gol dstein, 1974). They used a 1000 Hz,50 dB SL tone burst,

rise times of 5,10,15 and 25 msec. wth duration of

20-40 m sec. when used, The early conpoents of MR are
not affected by a conbination but |ater waves show an
increase in anplitude when 25 msec. rise-decay tine was
used. An increase in rise/decay tinme or equivalent dura-
tion results in increase of about 1-3 msec. in |atencies
for all MR peaks. At the same tine, there is an overal
reduction in anplitude at all intensity levels (Vivien,

Hi rsch, Feye-Gsier and Goldstein, 1982). Afast risetinme
Is very inportant for elicitation of MLR. But rise tine
greater than 25 msec are not found to be effective
(Skinner and Antinoro, 1969).

El ectrode pl acenent:

There are teo kinds of electrode arrays -ipsilateral

mastoid (-) to vertex (+) and ipsilateral mastoid (-) to
hi gh forehead (+).Kawanagh and clark (1989) found t hat
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bot h these arrays have equal efficiency in recording ABR and

MR in open as well as in closed filter conditions.

For ehead pl acenent of the electrode is preferred usually
because -
- it elimnates placenment of el ectrode gel and adhesl ves in
hai r.
- it noves electrodes away fromear phone head band whi ch can
cause di sconfort and di sl odgenent of el ectrode.
- all ows easy achi evenent of |ow el ectrode i npedance.
Mastoid to high forehead array was preferred by several
authors (Beatti, Beguwalla, MIIls and Boyd, 1986; Davis, and
H rsch, 1979; Hall, Mrgan and Mackey- Horgadi ne, et al. 1984;
Beatti and Boyd, 1984). Beatti, et al. (1986) say that
forehead array results in 34%reduction in response anplitude.
It was noticed that nean Po-Na anplitude was |arger in
forehead el ectrode array. Mean Na-Pa and Pa-No anplitude was
| arger in vertex array. The anplitude of No-Pb was snall and

i1l defined in both cases.

Cohen (1982) and Wod and Wl paw (1982) al so report
t hat t he maxi num evoked anplitude is obtained on the mdscal p
anterior to G, . But very little difference in waveforns or
magni t ude between t hese two el ectrodes has been reported by
Suzuki et al.1981).
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Filter characteristics:

Filtering limts the bandw dth of a stinulus. Thus may
|l ead to distortion of waveform Both phase and anplitude
di stortions were noticed (Lane, Mendel and Kupperman, 1974).
They al so suggested that anplitude distortion can be used
to estinmate the threshol d whil e phase distortion serve, very
little purpose. The |latencies of individual peaks are pro-
| onged by reducing |ow pass filter setting. A band pass
filter of 25-175 Hz with a slope of 6 dB/octave i s recomrended
(Mendel, 1977). Alatency reduction of 5 ns. between 500 Hz
and 4000 Hz was seen in 4 awake subjects for 1/3 octave clicks
centered at 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz (zerlin
et al. 1973). Wth lowpass filtering the Pwave splits
Na through into Na; and Na, (Mendel and Kupperman, 1974).

P wave corresponds to SNy described by Dewis and H rsch
(Kavanagh, 1979).

Digital phase shift filtering does not affect the wave-
formand |atency nuch. But analog filtering shows how early
activity of ML(Ris folded onto |ater conponents leading to a

much longer late activity than what is present physiol ogically
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So analog filtering shoul d not be used (Scherg, 1982). Power
spectral analysis and digital filtration for M.R show frequency
conponents |ocated at 30-50 Hz. |If activity is present bel ow

30 Hz, detection of Pa and Nb is difficult.

If these activities are elimnated using, a high pass
digital filtering Na, Pa, Nb and a positive peak at 60-70
m sec. | atency can be recognized. But if HPF is set at
40 H z positive peak disappears and Nbo is followed by two
positive peaks of 30-55 m sec. and 80-85 msec. after the
onset of stimulus (Suzuki, 1982). Large portions of MR
energy i s produced by phase shifting the response energy
fromother portions of tine bases (lzum, 1980; Scherg,
and Vol k, 1983). Phase shift reduces anplitude of wave Po-Na
conpl ex with augnentation of MLR waveforns Pa and Pb peak.
Pb can be noticed only on analog filtering and not on digital
filtering (Kavanagh, Dom co, 1987, Suzuki, H rabayashi and
Kobayashi, 1989). Wth |os pass analog filteringw th a cut
off frequency of 100 Hz the first positive peak Po has a
| atency of 11-75 masec. |f open recording filters is used
Po shows a reduction in latency and will be recorded i n ABR

ti me domai n (Kavanagh and Dom co, 1987).

M.R was found at a level of 8-11.5 dBnHL. This threshold

| evel did not differ much with different configurations of
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filter settings |ike 10-100 Hz, 10-250 Hz, 10-1500 Hz,
10-3000 Hz, 30-100 Hz etc. The stimuli were 500 Hz tone
pips with a rise decay time of 4 msec. and repetition
rate of 9.3/sec. (Barajas, Exposito, Fernandez and Martin,

1985) .
Maski ng:

Presentation of contralateral masking stimuli of
noderate intensity does not appear to affect conponent
anplitude. (oldstein et al.l1978). The shift in anplitude
is + 0.7 dBwhichisinsignificant. The ipsilatera
maski ng noi se shows a peak to peak anplitude variation which
varies directly with signal to noise ratio (Smth and

Gol dstein, 1973).

Monaural vs. Binaural stimulation:

Monaur al and bi naural clicks of equal |oudness yield
equal response anplitude and | atency (Peters and Mendel
1974). Binaural interaction for MLRis reported to be much
| arger than nonoaural response when elicited by 20-30 dB
| ess intense stimuli. This difference may be due to neural
mechani smunderl| ying MLR generation. But there are contra-
di ctory studi es which say the response for binaural and

nonaural stinulation are exactly simlar (Denker and Howe,
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1982). The early conponents of MR have | arger anplitudes
for binaural stinulation (Kodobayashi et al. 1984). A
slight augnentation was noticed between ipsilateral and contra-
| ateral side of stimulation (Mendel et al.1987). This was
incontrast to (Wl f and CGol dstein, 1978) the study which
noted | atency differences as well. Wen intensities are
greater than 70 dB nM., overall reduction in conponent
anpl i tude was noticed for binaural stinulation (Dobie and Norton,
1980). Binaural interaction in cats can be recogni sed
within 20 msec. In humans this interaction is recogni zed
for Pa-Na conponents but patterns of interaction are variable

(Harada, Kawanura, |chikawa, et al. 1984).

Endogenous factors:

Sl eep:

Latenci es of nmj or peaks remain constant across different
stages of sleep. Anplitudes are larger during REM1 and 2
stages than 3 and 4 (Mendel and Gol dstein, 1971). S eep
deprivation has little effect on MLR (Mendel and Gol dst ei n,
1969b). Light sedati on does not di mnish the overall response
Kupper man, Mendel, 1974? Mendel and Hosick, 1975; Mendel
Hosi cX, Wndman et al. 1977). MRis fairly stable during
early stages of sleep (Mendel and Hosack, 1975). They al so

say that no change is seen in MLR due to drug induced sl eep.
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The m ddl e conponents remain constant in anplitude for
tenporarily induced nuscl e paral ysis (Harker, Mendel, Voots
and Hosi ck, 1977). But conpl ete anaesthesia nay elimnate
M.R conpl etely (CGoff, Allison et al. 1977). Conditions |like
hypoxi a, hyperventilation, body accel eration through space,
all have effect of increasing |atency and decreasi ng anpli -
tude. But there will be no changes in the on going BBS
activity. Thus changes in the waveformof MLRis a sensi-
tive indicator of increased stress (Mendel and Col dstein,

1969a) .

Ef fect of endogenous factors on MLR are mninmal. They
remnd essentially unchanged with attention to the stinmnulus
train or ignoring the stimulus as in reading a book or
sitting wth eyes closed in a dark roomor sitting with eyes
open in a bright room (Mendel and Col dstein, 1971? Picton
and H I lyard, 1974; Mendel and Kupperman, 1974). The anpli -
tude of Pb and Pc of MLR are reduced during sleep (Brown
and Shal | op, 1982). As stages of sl eep deepen, | atencies
of peaks except Po gradually increase and anplitude decreases
During Deep sleep Nb and Pb tend to disappear. During sleep
Na shows one of the doubl e peaks Na; and during stage of waXe-
fulness Na, is seen. Effect of deep sleep on MLRis not nuch
inadults as in children (Ckitzn, Shibahana, 1981). Pa can

be easily detected in awake children and stage of sl eep.
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During stage 4 detectability is poor (Krausz et al. 1985).
The MLR threshold to be 40 dB higher in children who were
asl eep than their threshold when they were awake (Kankkunen

and Rosenthal, 1985).

Ot her endogenous factors |ike novenent of jaw neck
tension etc. which produce artefacts renai n unexpl ai ned so

far.

M ddl e | atency response in different disorders:

Hearing inpaired show a slightly increased anplitude
and snall reduction in latencies (MFarland, Vivion, Goldstein
1977). Significant |atency del ays but no anplitude abnorna-
lities in response obtained frompatients with multiple-
sclerosis are noted (Robi nson and Radge, 1977). A nor nal
Pa conponent in bilateral tenporal |obe infarction was
noticed (Parving et al. 1980). The bilateral |esion noted
in Al zheimer's disease is not generally sufficient to disrupt
the Pa potential. But absence of Pa was al so noticed in
bilateral tenporal |obe |esions (Qzdamar et al. 1982). In
15 subjects with evidence of neurol ogi c invol venent of age
range of 6 weeks - 15 years, unclear waveforns were obt ai ned.
M.R in such cases is better suited to determne the function

rat her than threshold or specific site of lesion (Kileny and
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Berny, 1983). MR in nentally handi capped al so does not
show any significant difference in detectability of Na
and Pa bat ABR has better repeatability (Smth, Reed, Stein
et al. 1985).

Har ker and Buckoff (1981) studied MLRin acoustic
neurona cases. There was generality in latency. A so
eases with large tunors showed | ow fal se negative responses
conpeted to cases with small tunors. So they say that

It can be used as a predictive tool for size of tunors.

Ef fects of age:

Most agi ng 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 their waveformnorphol ogy and | atencies. |In order to
find out if this assunption is true, we have to study the
di fference i n wavef or mnor phol ogy and ot her factors as a
function of aging. MDRin adults and to a | esser extent
also in young children are reported to be remarkably stable
and to be insensitive to changes in the stage of vigilance
and age (Mendel, 1980 and 1982). Several authors (Mende
et al. 1977; Mendel son and Sal any, 1981) have shown interest



inthelatency andanplitudedifferenceininfantsandadults.
Wi |l e Mendel (1977) reported changes in norphol ogy between
young infants and adults, Mendel son and Sal any (1981) reported

significant reduction of |atency for P; between infancy

and adul t hood.
Fewi nvestigators (Engel , 1972; McRandl e, et al . 1974;

Mendel et al.1977; Wl f and CGol dstein, 1978; Ozdamar and
Krausz, 1983) have tried to obtain normative data for newborns

and infants. Engel, (1971) Davis et al (1974); Skinner and

d attke, (1977) saythat itsdiffecult toobtai nreasonably
cl ear waveforns in neonates. Successful threshold estinmation

was possible in all but one of 28 idfants between 1 Month to

2 years of age in a study done by Mendel et al (1976).
Rotteveel, Stegeman. deaf. Colon et al.(1984) report that

i dentifiable Po, Na, Pa peaks were obtained from64 pre-

mature infants as early as 25 weeks of CA. This indicates

as early functioning structure in auditory pathway w th nost
prom nent changes in latency and anplitude occuring before

and after termdat e.

Sone other studies note little difference between adul t

and i nfant norphol ogy of MLR waveform as a function of
intensity or rate of presentation (MRandle. Smth et al. 1974;

McRandl e and Gol dstein, 1974, Mendel. Adki nson and Harker, 1977;

Frye-Csler, CGoldstein et al 1982). Mendel. Adkinson and Harker
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(1977) report of an increase in the latency of Pawth

I ncrease in neonatal age from1-8 nonths. (ol dstein,
McRandl e, (1978 and 1980) say that the neonates denonstrate
slightly shorter latency and snaller anplitudes than admts.
They also report of no significant activity after 60 m sec.
According to them ipsilateral stinulation produces nore
wel | defined waveforns than contral ateral stimulation.

Gol dstein and Madel I (1972) found that consistent responses
with simlar latencies and slight anplitude differences were
noticed at different occasions. So MR can be used as am
audi tory diagnostic tool for very young children (Davis,
1976a; Mendel, 1977; Vivision, 1980; Wl f and Col dstei n,
1980) .

Though Po and Na may not be significant always sone
differences are noticed in the latency val ues of these
conponents (MRandl e et al. 1974; Madell et al. 1977;

Mendel son and Sal any, 1981). This nmay be due to band pass
characteristics selected for the studies (Lane et al. 1974;
Col dstein et al 1979; Scherg, 1982). In terns of anplitude,
significant differences are noticed in different age groups.
The anplitudes of Po, Pa and Pb found tobe increasing til
3-4 years of age and reducing in the adult (Mendel son and
Salary, 1981).
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Krausz et al (1985) say that detectability of conponent
Pa increases systematically frombirth to adol escent. But
M.Rs of children are found to differ substantially from
that of the adults by researchers (Davis, 1976; Suzuki,
H rabayashi, Kobayashi, 1983; Krausz, Seed, Smth et al.
1984b) .

Not many studies are there on MLRin the geriatric popu-

| ati on. One study by Lanzi, Chiarelle, Sunbalaro (1989)

reported certain changes in the norphol ogy, latency as well
as anplitude in geriatrics. The subjects were 70-90 years
in age. The norphol ogy was different fromthat of adult

| at enci es of different conmponents were increased anplitude
were decreased in geriatrics. Reproducibility of the wave-
formwas poor. Further the shorter latencies noticed in 30
year ol d nmal es conpared to fenal es were not observed in the

el derly subjects.

Allison et al (1983) reported that differences due to
age are nore stronger in males. These latency differences
may be explained terns of differences in the auditory pat hway

| ength. Such differences may be seen in the M.R wavef or ns.

Ainical utility:

MR is used as a neans of establishing threshold because

of its frequency specificity, easy recognizability in infants
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and stability during ,sleep. The level for MR agree cl osely

wi th behavi or threshold (ol dstein, Rodman, 1967, Madel

and Gol dstein. 1972, Kupper man, Mendel , 1974; Mendel, Hsoi ck
W ndman, Davis, Hrsch, Dings, 1978). oldstein et al using
click stimuli got response within 30 dB SL of the behavi our
threshold. But difficulty in normal hearing subjects than
in partial hearing | oss csses was al so reported (Horow t z,
Larson, Sances, 1966). At near threshold | evels, Na, Pa

and Nb are considerably recorded (scherg, Vol k, 1983;
(zdamar, Krausz, 1983). The idea that just detectabl e wave
Pa is nore significant nmeasure of auditory threshold than

t he exact latency of the conponents is supported in recent

literature (Maurlzi et al. 1984).

The MLR threshold wi || be within 10-30 dB Kb of behavi our

neasure (Madell and CGol dstein, 1972; Mendel, Hsick, Wndnman

et al (1975; Vivision, M Farland, Gol dstein, 1977, Skinner

and d attke. 1977; Vivion, WIf Goldstein, et al. 1979;
Frye-Gsin,Vivion et al 1980). Stability of reversibility
of MLR is studied at just above threshold |levels of 0,10, 20
and 30 dB. Po,Na, Pa are fairly stable at dB SL. Conplete

reversibility is not possible even at 30 dB SL (Vehara,

| schi kawa, Uchi da, 1982).
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Cranon, 1986). It can also be used as an objective i ndex
of cochlear inplant function (Qurali, 1985). Indicaters
differ arpusal states of the subject (Kileny, 1983? Hall,
1985; Erwin, and Buchwal d, 1986).

An accurate el ectrophysiol ogi cal measure of |ow fre-
gquency threshold is a boon to the appropriate nmanagenent
of the hearing inpaired. Though interest has been renewed
in MLR over the recent years, no general consensus is

present about any aspect of MR

Regarding the effect of aging on MLR not many studies
are there at present to show how t he devel opnent of the CNS
may be responsible for the change in the wavef or mnor pho-
| ogy, | atencies and anplitude is not known. In Indian popul a-
tion such studies are not undertaken so far. This studyis
attenpted to conpare the adult normals MLRs with geriatric
group and to find out exactly if there are some significant

changesinthel at enci es and anpl i t udes of MRS



METHCDOLOGY

Thi s chapter explains the criteria which was used to
sel ect the subjects for the present study, the equi pnent.
used, t heenvironnent i nwhi chthetest was perf or ned

andt he experi nment al procedure.

Subj ect s:

Twel ve subjects both nmal es and fenal es between the
age range of 18 to 25 years were selected. They were gra-
duat es and under graduat es who vol unteered for the study.
They had normal hearing according to the ANSI-1969 Standards
that is their hearing thresholds being within 20 dB for
paretones. Mddl e | atency response waveforns obtai ned from

t hese subjects were conpared with mddl e | atency response

waveforns of geriatrics.

The experinental group of this stady consisted of ten
subj ects, of both sexes nal es and fenal es between t he age
range of 50-65 years. The tea subjects were divided into
two groups according to their age. The first group had
five subjects between the age range of 50-55 years and the

second group had five subject, between the age range of

60- 65 years.
G oup Age Range Mean age
G oup- | 50-55 52.2
60- 65 62.0

Q oup- 11
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The followng csiteria was used to sel ect the subjects:

1. For both ears hearing |levels should be within 40 dB for
t he octave range of 250 Hz to 8000 Hz.

2. Hstory of acute or chronic ear infections, headache,
tinnitus, vertigo or any other otol ogical problens were
rul ed eat.

3. The subjects shoul d be i n good general health.

4. The subject should not have had any neurol ogi cal probl ens
such as apraxia, aphasia, disarthria etc.

5. They should be able to relax for the duration of the teat

with the el ectrodes in position.

Only one ear of each subject was tested. The test ear

was sel ected at random

Equi prent used for the experinent:

1. Adiagnostic audioneter (Madsen OB 822). This was used to
assess the pure tone threshol ds between the frequency
range of 250 Hz to 8000 Hz. The audi oneter was cali brated
for air conduction, bone conduction and speech audi onetry.

2. An el ectrophysiological test unit (N colet Conpact Auditory
system.

Thi s was used for obtaining MLRwaveforns. This instru-
ment is the ideal cost effective portable systemfor -

1. Auditory evoked potential testing.
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2. H ectroneurography (ENOG
3. H ectronyst agnogr aphy( ENG

4. Pattern-Reversal visual evoked potential testing.

Test Envi ronnent :

The tests were conducted in the sound treated room
The roomwas away fromnoi sy areas and bright Iight, hum -
dity tenperature conditions were naintai ned at the speci-

fied l evel s. Power source was the main AC supply for the

I nst runent s.

Pr ocedur e:

The first step in the procedure was selecting the
subject. The criteria nmentioned under the sub-division
"subj ects" were considered, for it. Once the subject is
chosen, conventional audionetry was done first using the
audi oneter (Madsen B 822). |If the person's threshol ds
fell within 40 dB he was taken for MR testing.

As nmentioned earlier for obtaining MLR. N col et
Conpact Auditory System which is an el ectrophysl ol ogi cal
unit was used. The subject was made to sit on a chair

whi ch had a armrest and he was asked to rel ax.
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I nstructions: "You need not indicate the presence of sound

by raising your finger or by any other nmeans. You can j ust
sit and rel ax. Please do not nove your arns, head, jaw,
shoul der and neck. Informne if you are unconfortable. The
test will take atleast 40 mnutes. The instructions were
given in English, Kannada, Tam |, Ml ayal amaccording to

t he not her-tongue of the subject. |f the subject had not

under st ood, instructions were repeated.

The Instrument was sw tched on and t he program and dat a

di scs were inserted in their respective conpartnents.

El ectrode pl acenent s: The area of placenment of el ectrode

was cleaned with cotton dipped in rectified spirit. The
rubbi ng was done till the surface appears red indicating

hi gh vascularity. HE ectrodes were cl eaned and checked for
continuity. Required anount of get was put on the el ectrodes

and usi ng pi eces of plaster they were placed in positions.

There were four el ectrodes which were used for MR
testing. One was placed on the vertex (C ), second on
forehead (FP,) and the third and fourth on mastoid region
behind the auricle. The electrode on vertex serves as
positive, the electrode on forehead serves as common el ectrode

and t he el ectrodes on Mastoid serve as negative el ectrodes.
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The above diagramillustrates howthe el ectrodes were pl aced

and how they were plugged into the el ectrode head box.

Ste Headbox
For ehead com
Vert ex 1 + 2 + disked)
Left ear nast oi d A 1-
R ght ear nastoid A 2-

After the electrodes were placed t he i npedance nmat chi ng was
done. The operating programis |oaded into systemnenory
fromprogramdi sc when the N col et Conpact Auditory System
I's put on. The programdisc has to remain in the program
drive since the N col et Conpact Auditory Systemrepeatedly
refer the programdi sc during nornmal operation. The date
was continuously updated by a battery powered internal

cl ock/cal ender. The systemstored this informati on al so

w th dat a.
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Te match the i npedance the procedure given in N col et
Conpact Auditory Systemmanual was adopted. After the
| npedance mat chi ng t he earphones were pl aced wi t hout di sl odg-
ing the el ectrodes. Bl ue earphone was used for the left ear
and red earphone for the right ear. Earphone di aphragm
shoul d be directly over the ear canal so that accurate

stimulus intensity levels couldbe delivered to the ear.

Stimul us paraneters:

Stimulus - Tone bursts
Fr equency - 500 Hz

R se tone - | nst ant aneous
Pl at eau - 50 /usec.
Decay - | nst ant aneous
Rat e - 9.7/ see.

LLF - 1 Hz.

HFF - 1000 Hz
Sanpl e nunber - 2000

The test procedure and the storing procedure were adopted
fromthe N col et Conpact Auditory Systemmanual. The testing
was done for different levels 60, 50, 40, 30 and 20 until a
cl earer response was got. For each intensity 2000 stimuli were
presented the response was stored, in respective nenory bl ocks
for further analysis. Later the waveforns were recall ed and
anal yzed. The latencies for the difference peaks were then

t abul at ed.



RESULTS AND D SCUSSI ON

M.Rs were elicited for twelve adult normals and ten
geriatric normals and the peak | atencies were tabul at ed.
The | atencies of the two peaks Na and Pa whi ch were con-
sistently identified have been subjected to the follow ng
statistical analysis -Mean, standard Devi ati on, Range aad
T-tests. In terns of these |latencies the MLRs of adult
normal s were conpared with MLRs of geriatric normals. Al so
the geriatric group was divided into two dependi ng on age
and were conpared. The findings and interpretations are
di scussed in this chapter.

Tabl e-1: Data of MLRwaveforns elicited at 60 dB KHL in 12
adult normal s of both sexes (17-24 years.

Sub- Peak | atencies (m sec)
ject | = o Po Na Pa
No_ Pb Nc
1 Left 16.6 19.4 24.0 32.4 48.6- -
2 Ri ght - 13.0 21.2 34.4 48.4- -
3 R ght - - 20,0 29.4 44.4- -
4 Ri ght - — 21.8 30.6 46.2- -
) Ri ght - 16.4 24.4 38.4 48.4- -
6 Left - — 22.6 32.8 46.2 59.8-
7 Left - — 22.2 35.0 - -
8 R ght - - 21.8 29.2 41.0- -
9 Left - — 22.4 33.4 41.4- -
10 Left - - 17 28.2 42.6- -
11 Ri ght - - 22.6 28.4 - -
12 Left - 10.4 20.6 31.4 47.2- -
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Tabl 2: Data of MLRwaveforns elicited at 60 dB nHL in

fivegeriatric nornals of both sexes age rangi ng

from50 years to 55 years

Sub- Ear Peak | atencies (nsec)
j ect No Po Na Nb  Pb Nc
Pa
1 Ri ght 14. 8 18.6 22.8 30.2 43.0
2 Left - 14. 2 19.8 29.2 40.2 - —
3 Ri ght 12.0 16. 6 22.6 - - -
4 R ght - 13.6 22.2 30.6 - - -
5 Left - 12. 4 20.0 30.8 - - -

Tabl e-3: Data of MLRwaveforns elicited for five geriatric
normal s of both sexes at 60 dB nHL age rangi ng
from60 years to 65 years.

Sub- Ear Peak | atenci es (m sec)
Ject No Na Pa Nb Pb  Nc
Po
1 Left 17.0 21.0 32.8 44.4 55.4
2 Left - 16.0 22.6 34.0 45.6 -
3 Ri ght - - 19.2 29 42. 2 -
4 Left - 14. 8 22.0 30.0 40.4 52.6
5 Ri ght 12.0 14. 8 23. 4 32.1 41.4 52.1

Tabl e-1 gives the data of MLRwaveforns elicited at

60 dB nHL in twelve adults nornal s of both sexes. Table-2

gives the data of MLRwaveforns elicited at 60 dB nH. in

five geriatric normals between the age range of 50 years to

55 years. Table-3 gives the data of MLRwaveforns elicited

at 60 dB nHL in five geriatric nornmal s between the age range

of 60 years to 65 years.
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O the twelve adult normals No was found in only one
subject and the latency was 16.6 nsec. Inthefifty to
fifty five years geriatric group No was found in two subjects
the | atenci es being 14.8 nsec, and 12 nsec. |In the 2nd
geriatric group (60-65 years) No was found in only one

subj ect's waveformand the | atency was 12 nsec.

O the twel ve waveforns elicited in the twel ve adult
normal s Po was identified only in four waveforns, the |atency
rangi ng between 10.4 msec. to 19.4 msec. In the first
geriatric group Po was identified in all the five wave fornma
and t he | atency ranged between 12.4 m sec. to 18.6 m sec.

In the second geriatric group Po was found in four out of
five waveforns and the | atency ranged between 14.8 msec to

17 m sec.

Na was found in all the twelve adult normal MR wavef or ns
as well as in all the ten geriatric MLRwaveforns. The nean
| atency of Na for the adult normal group was 21.7 msee. The
standard deviation was 1.9 and the range was 17 nsec, to 24.4
m sec. The nmean latency of Na for the first geriatric group
(50 years - 55 years) was 21.48 m sec. standard deviation was
1.5 and the range was 19.8 msec. to 22.8 msec. The nean
| atency of Na for the second geriatric group (60-65 years) was
21.64 msec. the standard deviation was 1.6 and t he range

was 19.2 msec to 23.4 m sec.



50

Pa was also found in all the subjects of both adult

normals and geriatric normals. The nmean |atency of Pa

for the twelve adult normal s was 31.9 m sec, the standard
deviation was 3.1 and the range was 28.2 to 38.4 nsec.

The nean latency of Pa for the Ist geriatric group (50-55
years) was 30.14 msec, the deviation was 0.6 and the range
was 29.2 nsec, to 30.8 msec. The nean |latency of Pa for
the 2nd geriatric group (60-65 years) was 31.58 m sec, the
standard devi ation was 2.04 and the range was 29 msec. to

34 m sec.

O the twelve adult normal's Nb was found only in
waveforns of ten subjects and the | atency was ranging from

4110 msec. to 48.6 m sec.

G the five 1st geriatric group No wsa identified only in
two waveforns and the |atencies were 43.0 msec. and 40.2 nsec.
In all the five waveforns in the 2nd geriatric group (60-65
years) No could be identified and the | atency was rangi ng

bet ween 40. 4 nsec, to 45.6 m sec.

G the twelve adult normal group only in one waveforns
Pb coul d be found and the |atency was 59.8 nsec. In none of
the five waveforns of Ist geriatric group (50-55 years) Pb
was found. In three out of five waveforns Pb was identified
inthe2ndgroupof geriatricsaadthel at enci eswere50. 2

nsec. 52.6 nsec, and 55.4 m sec.
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The peak Nc was not identified in any of the waveforns

of both adult group and the geriatric group.
Tabl e-4: Data of MLRwaveforns elicited at 40 dB nHL 12 adul t

normal s of both sexes (17-24 years)

Sub-

Peak | atency (nsec)

jects A Pa Nb Pb
No po  N\a N
1 Left 10.8 24.4 36.2 49.2 60.8 -
2 Right : 18.2 34.8 - i ]
3 Right 22.0 29.0 42.8 - _
4  Rght : 21.4 32.2 47.0 - _
5  Rght 16.2 246 41.2 510 - _
6  Left : 24.2 34.0 47.4 - _
7 Left : 23.8 36.0 - i )
8  Right : 24.0 30*8 43.6 53.4 67
9 Left 13.0 21.4 32.6 42.2 - i
10 Left 100 19*2 354 42.8 - i
11 R ght 100 23.4 314 40.6  — -
12 Left 11.2 240 336 48.2 .- i

Tabl e-5: Data of MLRwaveforns elicited at 40 dBnH. in five
geriatric normals of both sexes between the age
range of 50 years to 55 years.

Peak | at ency (i n nsec)

SUb' Ear
] ect No Po  Na Pa Nb
1  Rght- 19.2 22.2 31.6 43.8 -
2 Left - 20.4 33 41.8 -
3  Rght - 17.2  24.2 36.9 42.8 50.8
4  Right- 18.6 24*6 33.6 44.4 53.0
5  Left - 16.6 22.6 32.8 38.2 -




52

Tabl e-6: Data of MLRwaveforns elicited at 40 dBnHL in five
geriatric nornmal s of both sexes between the age
range of 60 years to 65 years.

Peak | atency (msec)
Sub- Ear
] ect No Po Na Pa Nb Pb Nc
1 Left 21.0 24.2 33.2 43.6- -
2 Left 20.0 35.2 44.2- -
3 R ght 11.2 23.6 31.0 43.8 52.6-
4 Left 11.6 13.4 23.6 31.6 43.2- -
S Ri ght 19.624.233.6- - -

Table- 5, 6 give data of M_LRwaveforns elicited at
40 dB nHL. In table & latencies of MLRwaveforns of twelve
adult normals are recorded. In Table 5, latencies of MR
waveforns of five geriatrics between the age range of 50
years - 55 years (Ist group of geriatrics) are recorded.
In Table-6 |atencies of MLR waveforns of five geriatfics
bet ween the age range of 60-65 years (2nd group of geriatrics)

are recorded.

O the twelve adult normal MLRwaveforns at 40 dB nHL
No was not found in any of them It was not found in any
of the five Ist geriatric (50-55 years) group M.R wavef orns
too. No was found in one of the waveforns of the five wave-
forns obtained in the five geriatrics between the age range
of 60-65yearsthat isthe2ndgeriatricgroupandthel atency
was 11.6 m sec.
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O the twelve adult normal waveforns Pa was found only
in six of themand the |atency was rangi ng between 10.6 nsec,
to 19.8 msec. Po was found in four out of five waveform
in the 1st geriatric group (50-55 years) and the |atency range
was 17.2 msec. to 19.2 msec. |In the 2nd geriatric group
(60-65 years) also Po was found in four out of five M_Rwave-

frons and the [ atency range was between 11.2 msec. to 21.0 nsec.

Na was found in all the subjects of both adult group
and geriatric groups. The nean latency of Na was 23.48 nsec,
t he standard deviation was 3.6 and the range was 18.2 m sec.
to 32.6 msec. for the twelve adult normal group. The nean
| atency of Na for the Ist geriatric group was 22.3 m sec.
the standard deviation was 1.7 and the range was 20.4 m see.
to 24.6 msec. For the 2nd geriatric group the nean | atency
of Na was 23.16 nsec, the standard deviation was 1.8 and the

range was 20 nsec, to 24.2. m sec.

Pa was also found in all the waveforns of both the adult
and geriatric groups. The nean |atency of Pa was 34.8 nsec,
t he standard devi ation was 3.9 and the range was 29 nsec, to
42.2 msec. for the adult group. The nmean |atency of pa was
33.4 msee. the standard deviation was 1.6 and t he range was

31.6 nsec, to 36 nsec, for the Ist geriatric group (50-55 years).



Inthe2ndgeriatricgroup(60-65years) theneanl at ency
of Po was 32.92 msec the standard deviation was 1.7

and therangewas 31 nsec, to35. 2nsec.

O thetwel veadul t nor mal wavef or ns Nowas f ound onl y
in ten of themand the |atency range was 42.2 nsec. to 51.0

nsec. Nb was found in all the five waveforns of the first

geriatric group (50-55 years) and the | atency range was
41.8 nsec.44.4 nsec. Nb was found in four out of five

wavefornms in the second geriatric group (60-65 years) and

t hel at ency range was 43. 2 nsec. t044. 2 nsec

Pb was found is two of the twelve adult nornmal MR
waveforns and the latencies were 60.8 nsec.to 53.4 nsec.
In the Ist geriatric group (50-55 years) Pb was found only
in tw of the five waveforns and the | atencies were 50.8 nsec,
and 53.0 nsec. In the 2nd group of geriatrics (60-65 years)

Pb was found in only one waveform and the | atency was 52.6 nsec.

Nc was found in only one waveformin the adult group
and the latency was 67 nsec. Nc was not obtained in any of

t he waveforns in both the geriatric groups.
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Table-7: Data L MRwaveforns elicited at 30 dBin 12 adul t

nor of both sexes (17 years to 24 years)
jsg(t:)t- ;Ear Peak | atency (nsec.)
No Po Nae pa No pb Nc
1 Left
_ Not cl ear
2 R gst 22.2  34.2
R ght
3 ! g - Not cl ear
4, I@ ght 15.8 19.4 22.8 33.6 52.2
5. Rght 8.6 17.2 24.2
6. Left 26.2 36.2 45.8
7 Lgft 20.0 25.2 36.2 44.6 1534 @9
8. Right 24.0 37.0 47.2
9. Left 9.6 13.4 24.0 34.4 45.4
10. Left 14.619. 4- -
11. Right 10.8 24.4 23.4- 52.8
12. Left 11.2 25.0 34.6 48.2

Tabl e-8: Data of MLRwaveforns elicited at 30 dBnHL in five
geriatric nornmals of both sexes between the age range

of 50-55 years.

Sub- No Po Na Pa  \p Pb Nc
jects. Ear (Peak |atency in nsec)
1 Ri ght Not cl ear -
2 Left 11.8 14.6 19.6 36.2 - — —
3 R ght - Not cl ear -
4 R ght - - 26.2 34.2 46.2 52.6
5 Left - Not cl ear
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Tabl e-9: Data of MLRwaveforns elicited at 30 dBnHL in five
geriatric normal s of both sexes between the age range
of 60-65 years.

_Sub- Ear Peak | atency ( m sec)

J ects NO Po N PAa No Pb N
1 Left - Not cl ear -

2 Left - - 27.0 34.8 49.4- -

3 R ght - 17.0 27.0 33.2 45.2- -

4 Left - - 23.834.8- - -

5 R ght - 20,0 23.535.4- - -

Table-7, 8, and 9 give the | atencies of different conpo-
nents of MLR waveforns obtained at 30 dB nHL for twel ve adul t
normal s, and ten geriatric nornals between the age range of

50-55 years and 60-65 years respactively.

(@ the twelve adult normals, M.Rwaveforns were found
only in twn subjects. O the ten waveforns, No was obtai ned
only in three and the latencies were 9.6 msec., 8.6 nsec,
and 15.8 nsec. O the five subjects, clear responses were
obtained only for two in the Ist geriatric group (50-55 years)
and No was obtained for only one of the two. The |atency
of it was 11.8 nsec. O the five subjects, clear responses
were obtained for four in the 2nd geriatric group and No

was not found in any of them
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G the ten clear waveforns in the adult group Po was found
only in seven waveforns and the |atency range was 10.6 nsec,
to 20.0 nsec. O the two clear wavefosns in the 1st group
of geriatrics. Po was obtained in only one and the | atency
was 14.6 nsec. (O the four clear waveforns in the 2nd geriatric
group Po was found in two of themand the | atencies were

17.0 nsec, and 20.0 nsec.

Na was found in all the ten clear waveforns in the
adult normal group and the | atency range was from19.4 m sec.
to 26.2 nsec. Na was obtained in both the clear waveforns
in the Ist geriatric group and the |atencies were 19.6 nsec,
and 26.2 nsec. Na was found in all the four clear waveforns
in the 2nd geriatric group (60-65 years) and the |atency

range was 23.8 nsec, to 27.0 nsec.

Pa was found only in 8 of the 10 waveforns elicited in
the adult normal group and the latency range was 23.4 nsec,
to 37.0 msec. Pa was found in both the clear waveformin
the Ist group of geriatrics (50-55 years) and the |atencies
were 34.2 msec. to 36.2 msec. It was also found in all
the four clear waveforns in the 2nd geriatric group and the

| at ency range was 33.2 msec. to 35.4 nsec.

O the 10 cl ear waveforns in the twel ve adult nornma

group. Nbo was obtained in 7 and the |atency range was
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44.6 nsec.to 52.8 nsec. No was found in only one waveform
of the two clear waveforns in the I st group of geriatrics
(50-55 years) and the |latency was 46. 2 nsec. Pb was
found in two oat of four in the 2nd geriatric group (60-65

years) and the | atencies were 49.4 msec. and 45.2 nsec.

O the ten clear waveforns in the twel ve adult nornma
group Nc was obtained in only one and the |atency was
69 msec. Nc was not seen in any of the geriatric waveforns

i n both group.

It was observed that the norphol ogy of the geriatric
normal wavef ormwas not different fromthat of adult norna
waveform As the intensity was decreased the responses al so
gave changes in and near the threshold |evel the responses
were absent. This trend was seen both in adult normal s as
wel|l as geriatric nornals.

Na and Pa were obtained consistently for all the
subjects of both the adult and geriatric groups and hence
they were subjected to the follow ng statistical analysis

Mean, Standard Devi ati on, Range and T-tests.
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Table-lO: Latency of Na of MLRwaveforns elicited at SO dB nHL

In 12 adult nornmals and 10 geriatric nornals.
Subj ect Na | at ency Subj ect Na Lat ency
(Msec) (msec)
Adul t Nor nal Ceriatric nornal
1 24.0 1 22. 8
2 21.2 2 19.8
3 20.0 3 22. 6
4 21. 8 4 22. 2
5 24. 4 5 20. 6
6 22.6 6 21.0
7 22. 2 7 22. 6
8 21.8 8 19. 2
9 22. 4 9 22.0
10 17 10 23. 4
11 22. 2
12 20. 6
Mean 21.7 21. 56
S.D. . 1.9 15
Range 17 ms - 24.4 ns 19.2 ns - 23.4 ns

Z = 0.0989 P'=0.9212.




Tabl e-11: Latency of Na of M

60

waveforns elicited at 40 dB nHL

R . .
T 12 hdul t nornal s and 10 geriatric nornals.

Subj ec g St MR
Ceriatric nornal
fdult nor mal n 4 1 29 2
5 18. 2 2 20. 4
3 22.0 3 24.2
4 21. 4 4 25.6
5 24. 6 5 22.6
6 21.6 6 24.2
7 23.8 7 20.0
8 24. 8 8 23. 8
9 32.6 9 23.6
10 19. 6 10 24, 2
11 23. 4
12 24. 6
Mean 23. 48 22.98
SD 3.6 15
M n. Max. 18.2 - 32.6 19.2 - 23.4
z = 0.0981 P = 0.9212.
Tabl e-12: Latency of Na of MLRwaveforns elicited in two
~ groups of geriatric nornals at 60 dB nHL
| group Latency of Na 1 group Lat ency of
(50-55 years) (nmsec. ) (60-65 years) Na ( Msec.)
1 22. 8 1 21.0
2 19. 8 2 22. 6
3 22. 6 3 19. 2
4 22.2 4 22.0
5 20.0 5 23. 4
Mean 21. 48 21. 64
=D LS 1.6
Mn Max. 19.8 - 22.8
Z = 0; 19.2 - 23.4

P = 1.000
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Tabl e- 13: Latencies of Na of MLR waveforns elicited in two
groups of geriatric normals at 40 dB nHL

| group Latency Na Il group Lat ency Na
(50-55 years (nsec.) (69-65 years) (nsec.)
1 22.2 1 24. 2
2 20. 4 2 20.0
3 24. 2 3 23. 8
4 22. 6 4 23. 6
5 22.6 5 24. 2
Mean 22. 8 23.16
SD 1.7 1.8
Mn. Max. 20.4 - 24.6 20.0 - 24.2
Z = 0.40 4527 P= 0. 6858

Tabl e- 10 gives | atencies of peak Na of M.R wavef or ns
elicited in 12 adult nornmals and 10 geriatric normals at
60 dB nHL. Na was obtained for all the subjects consistently
The nmean latency of Na for 12 nornmal adults was 21.7 nsec,
and the nean |latency of Na for geriatric nornmals was 21.56
nsec. The standard deviation for adults and geriatric were
1.9 nsec, and 1.5 nsec, respectively. The latency range for
adults was 17 nsec, to 24.4. nsec, and for geriatrics was
19.2 nsec, to 23.4 nsec. 'T tests were done for conparing
the groups and the ' 2" score was 0.0989 at 'P of 0.09212.
So there was no significant difference seen in terns of Na

| atency at 60 dB nHL between the two groups.
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Tabl e-11 gives latency of Na of MLRwaveforns elicited
in32 adult normals and 10 geriatric normals at 40 dB nHL.
Na was seen in all the waveforns of both the groups. The
nean |latency of Na for the 12 adults was 23.48 and for the
ten geriatrics was 22.98 nsec. The standard devi ati on of
the adult group was 3.6 nsec, and for the geriatric group
was 1.5 nsec. The latency for the adult group was 18. 2
nsec, to 32.6 nsec, and for the geriatric group waw 19.2 to
23.4 nmsec. The Z score was 0.0981 at P of 0.9212. So at
40 dB nHL al so there was no significant difference in terns

of Na |atency between the adult and geriatric groups.

Tabl e-12 gives |atency of peak Na of MR wavef or ns
elicited in tw groups of geriatrics at 60 dB nHL. The Ist
group of geriatrics were between the age range of 50-55
years and the 2nd group of geriatrics were between the age
range of 60-65 years. The neans latency of Na for the Ist
group was 21.48 nsec, and for the 2nd group was 21.64 nsec.
The standard deviation of the Ist group of geriatrics was
1.6 and for the 2nd group of geriatrics was 1.6. The
| atency range for the Ist group was 19.8 nsec, to 22+8 nsec,
and the 2nd group was 29.2 nsec.to 23.4 nsec. The Z score
of the two groups was O at P of 1.000 | evel. So there was
no significant difference seen in terns of Na | atency between

the two groups of geriatrics of different ages.
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Tabl e- 13 gives latencies of Na of MLRwaveforns elicited

in two groups of geriatrics normals at 40 dB nHL. The | st
group of geriatrics were between the age range of 50-55 years,
and the 2nd group of geriatrics were between the age range
of 60-65 years. The nmean |atency of the Ist and 2nd groups
of geriatrics were 22.8 nsec, and 23.16 nsec, respectively.
The standard devi ation for the 1st group was 1.7 and for the
2nd group was 1.8. The latency range was 20.4 nsec.to 24.6
nsec, for the lst group and 20 nsec, to 24.2. nsec, for the
2nd group. The T-tests were done for conparing these two
groups and the Z score was 0.40452 at P of 0.6858. So there
was no significant difference seen at 40 dB nHL in terns of

Na | at enci es between the two groups.

Tabl e-14: Latencies of PA of MLRwaveforns elicited in twelve
adul tsnormals and ten geriatric nornals at 60 dB nHL

Subj ect Latency of PA Subj ect Latency of Pa
Adul t nor nal (nsec) Geriatric nornal (nsec)
1 30.2
a 2 4 ;
3 29. 4 3 30. 2
4 30.0 4 30.6
5 38. 4 5 30-8
7 35 0 7 34.0
3 59 2 8 29+0
9 28.2 9 39-9
10 33.4 10 32.1
11 28. 4
12 31. 4 30. 8
Mean 31.9
SD 3.1 1.62

Mn.-Max. 20.2 - 38.4 29.0 - 34.0
Z =0.06264; P = 0.5310
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Tabl e-15: Latency of Pa of MR waveforns elicted jn twel ve
adult normals and tea geriatric normals at 40 dB nHL

Subj ect Lat ency of Subj ect Lat ency of
Adult nor nal Pa (msec.) Cerratric nornmal Pa(nsec.)
1 36. 2 1 31.6
2 34.8 2 33
3 29.0 3 32.8
4 32.2 4 32.8
5 41.2 5 33.2
. 6 34.0 6 35.2
7 30.8 7 31.6
8 36.0 e 31.0
9 42.2 9 33.6
10 31. 4 10 32.6

11 35. 4

12 33.6
Mean 34.8 33.16
SD 3.9 1.57

M n. - Max. 29 - 42.2 nsec. 31 - 36 nsec,
Z = 1.869; P. 0.2353.

Tabl e-16: Latencies of Pa of MLR waveforns elicited at
60 dB nHL in two groups of geriatrics.

| group Latency of Pa Il Goup Latency of Pa
(50-55 years) (nsec) (60-65 years) (nsec)
1 30.2 1 32.8
2 29. 2 2 34.0
3 30.2 3 29.0
4 30.6 4 30.0
5 30.8 5 32.1
Mean 30. 14 31. 58
SD 0. 63 2.05
M n. - Max. 29.2 - 30.8 29 - 34

Z = 1.2136; P. = 0.2249.
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Tabl e-17: Latencies of Pa of MLRnaveforns elicited in two
groups of geriatrics at 40 <38B nHL.

| group Latency of Pa |1 group Latency of Pa
(50-55 years) (nsec.) (60-65 years) (nsec.)
1 31.6 1 33.2
2 33 2 35.2
3 36 3 31.0
4 33.6 4 31.6
5 32.8 5 33.6
Mean 33. 4 32.9
SD 1.6 17
Mn. - Max. 31.6 - 36 31 - 35.2
Z =-0.13484 P 0.8927

Tabl e- 14 gives |latency of Pa of MLR waveforns in twel ve
adult normals and 10 geriatric normals elicited at 50 dB nHL
The Pa was found in all the waveforns consistently. The
mean | atency of Pa for the adult group was 31.9 nsec, and for
the geriatric group was 30.8 nsec. The standard devi ation
for the adult group was 3.1 and for the griatric group was
1.62. The latency range of the adults was 28.3 msec. to
38.4 msec. and for the geriatrics was 29.0 nsec, to 34.0 nsec.
The T-tests indicate that Z was 0.06264 at P of 0.5310 |eve
So there was no significant difference seen in terns of Pa

| at enci es at 60 dB between the adult and geriatric groups.
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Tabl e-15 gives latencies of Pa of MLRwaveforns elicited
in twelve adult nornals and tengariatric nornals at 40 dB nHL
The mean |l atency of Pa for the 12 adults was 34.8 nsec, and
for the ten geriatrics was 33.16 nsec. The standard devi a-
tion was 3.9 for adults and 1.57 for the geriatrics. The

| atency range was 29 to 42.2 msec. for adults and 31 to 36

t he
nmsec, for/geriatrics. The T-tests indicate Z scores to

be 1.869 at P of 0.2353 for the 2 groups here. So there was
no significant difference seen between the adult and geriatric

groups in terns of latency of Pa at 40 dB NHL.

Tabl e- 16 gives latencies of Pa of MLRwaveforns elicited
at 60 dB nHL in two groups of geriatrics. The Ist group was
bet ween t he age range of 50-55 years and the 2nd group was
bet ween t he age range of 60-65 years. The mean |atency of
Pa for Ist group of geriatrics waz 30.4 nsec, and for the
2nd group of geriatrics was 31.58 nsec. The standard devi a-
tion for the Ist group was 0.63 and for the 2nd group was
2.05. The mninumto maxi mumlatency range was 29.2 to 30.8
nsec, for the Ist group and 29 nsec, to 34.nsec, for the 2nd
group. The 'z' score was 1.2136 at P of 0.2249. So there
was no significant difference between the two groups of

geriatrics interns of Pa latency at 60 dB nHL.
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Tabl e-17 gives latencies of Pa of MLRwaveforns elicited
in two groups of geriatrics at 40 dB nHL. The Ist group was
bet ween the age range of 50-55 years and the 2nd group was
bet ween the age range of 60-65 years. The nmean |atency of Pa
for the Ist group was 33.4 msec. and for the 2nd group was
32.9 nsec. The standard deviation was 1.6 for the Ist group
and 1.7 for the 2nd group. The latency range was 31.6 to
36 nsec, for thelst group and 31 nsec, to 35.2 nsec, for the
2nd group. The Z score for these groups was 0.13484 at P
of 0.8927. So there was no _si gnificant difference between
the two groups at 40 dB nI—L/Itgrrrs of Pa | at enci es.

I n nost of the subjects it was observed that as the
intensity was decreased the latency increased. This pattern
was found both in adults nornals and geriatric nornals.
However the increase was not significant. A 30 dB nHL in
sonme of the subjects MLRs were not present. This was al so

truewth adults as well as geriatrics.

There are not many studies on MLRin the geriatric
popul ation. A study by Lenze, Chiarelle, Sunbalaro (1989)
reports that certain changes were found in the norphol ogy

| atency as well as anplitude in geriatrics. This contradicts
from

the present study. But the age group of this study was/ 70 years

to 90 years.
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Thi s study shows no significant difference between
the adult normals and the geriatric nornals in terns of
| at enci es of different conponents of MLR waveforns. Wen
conparing with two groups of geriatrics of different age
groups. It was also found that there was no significant
di fferences seen between them Based on these results
one cannot comrent on the integrity of auditory pathway
ingeriatrics since the anplitude, repze&lcibility etc. of
t he MLR waveforns were not studied here and al so the
sanpl e size was |l ess to generalize anything. To confirm
these results studies can be done on | arger popul ati on and

al so above the age rage of 65 years.

Threshol d estinmation:

The idea that a just detectable wave Pa is nore signi-
ficant nmeasure of auditory threshold than the exact |atency
of the other conponents is supported in recent literature
(Maurizi et al. 1984). This can be supported to sone extent
by this study because Pa was present consistently even at
30 dB nHL in alnost all the subjects,if MR were present.
The hearing threshold of the subjects was within 25 dB HL

according to ANSI standards which considers it as nornal.
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The MR threshold will be within 10-30 dB of behavi oural
nmeasures (Mudell and CGol dstein, 1972; Mendel, Hosi ck,
Wndman et al 1975; Vivion, MFarland, Coldstein, 1977;
Skinner and G attka, 1977; Vivion, Wl f, Coldstein et al.
1979; Fryo-Gsien, Vivion et al. 1980). This is supported
by the present study because at 40 dB nHL all the subjects
gave MLR.  To confirmthis MR wavef ormcan be studied in
different adult pathol ogi cal cases and conpared with the
normal s and find out at what |evel the MLRs are occuring
consistently in normal s and how they occur in pathol ogi cal
cases. To conclude anything in MR and to include them
in the daily audiological test battery, much nore exploration

I S needed.



SUMWARY AND CONCLUSI ON

Twel ve adult nornmal s between t he age range of 17 years
to 24 years and 10 geriatrics between the age range of 50
years to 55 years and 60 years to 65 years were chosen for
the study. O the ten geriatrics five were between the age
range of 50 years to 55 years and five were between the age
range of 60 years to 65 years. The ains of the study were
as foll ows:
1) To study t he norphol ogy of the m ddl e | atency response
waveforns ia geriatrics.
i) To conpare the geriatric mddle | atency responses with
that of young adult nornals wavef orns.
iii) To conpare the mddl e | atency response wavef or ns
between the two different age groups of geriatrics

(50 years to 55 years and 60 years to 65 years).

The pure tone threshol ds of the subjects were obtained
usi ng a di agnosti c audi oneter (Madsen OB 822). |If their
hearing threshol ds were considered to be within nornmal limts
(25 dB as per ANSI-1969 Standards), the MLRwaveforns were
obt ai ned using a el ectrophysiological unit (N colet Conpact
Auditory Systen). The M_LRwaveforns were elicited for 60 dB,
40 dB and 30 dB. It was observed that the peaks Na and Pa
were present in all the waveforns consistently. The data

were subjected to the followi ng statistical analysis - Mean,
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St andard Devi ati on, Rangeand T-tests. Theresul t s showed
that there was no significant differences in terns of

| at enci es of peaks between the adult nornmals and geriatric

normal s. The norphol ogy of the geriatric MR wavef orns

were not different fromthat of adult nornal waveforns.

Conparison of |atencies of different conponents of the
two geriatric groups also showed no significant difference.

In conclusion as per the results of the above study

agi ng does not seemto affect the MR responses in Indian
popul ation, since no significant difference was abserved

in terns of |atencies between the adult normal group and

the geriatric group and between the two groups of geriatrics

itsel f.

Limtations of the study:

1. Only latency has been considered to conpare the weveforns.

Anpl i tude has not been st udi ed.

2. Avery snmall sanple of the popul ati on was undertaken in

t hi s st udy.
3. The geriatric group chosen was between t he age group of

50 years to 55 years and 60 years to 65 years. Hence

one cannot conclude that the MLR waveforns of geriatric

normals are not different fromthat of adult normal s, as

subj ect s abovet he age of 65year swerenot studied

f or MLRr esponses.
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Recommendati ons for further studies;

1. The sane study can be undertaken for a | arger sanple.

2. The changes in anplitude with aging caa be studied
and al so reproduci bility can al so be studi ed.

3. Age related variations can be studied in geriatrics

above t he age of 65 years.

W have just set our foot in the first stepin this
area of MLRs. so nmuch exploration is needed to |learn the

M.Rs thoroughly. As in the words of Moore

Yesterday - | never thought that these efforts would

cone to fraction

Today - | amhappy its naterialized.
Tonmorrow - | hope those in the field of audiol ogy wll
be inspired to nuch nore ..... inthe

field of MLRs.
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