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| NTRCDUCT! ON

"Fromour Vantage point in 1982, we can see that the late
conponents of the auditory evoked potentials receive very little
attention these days as a routine threshol d di agnostic proce-
dure, while the auditory brai nstemresponse appears to be part
of the routine audionetric test battery in many clinics today.

If I may beso bold, | would |ike to suggest that there even seens

to be a resurgence of interest in prinmary cortical, or as |

prefer to call them Mddle latency or Mddl e conponent responses.
There are not the nunber of corresponding studies that .l fee
there aught to be within this mddle latency tine domain. | think
there are a nunber of very intersting experinental questions

that have yet to be answered about the devel opnent of this response
and about what this response can tell us about the devel opnent of

audi tory behavior". Mendel (1983)

EEA has been used for about 15 years as a non vol untary
test for assessing hearing in those persons who cannot, or wl
not, respond to sound behaviorally in a consistent manner.
the time donmains constituting the auditory evoked potenti al s,
there has been increasing interest in the mddl e conponents

(8-50 ms). Hood, (1975).

The maxi mal response for mddl e | atency conponents is

obtained at the vertex and is symmetrical around the point.



(Peters and Mendel, 1974; Piton HIllyard and Krauz et al 1974).
Mddl e latency conponents are usually recorded fromthe
vertex (G) referenced to a mastoid or earlobe, with a narrow
band-pass filter of 25 to 200 Hz. As intensity is increased,

| atency slightly decreases, where as anplitude substantially

I ncreases. (Mdell and CGol dstein, 1972; Piton et al 19777
Thor nt on, Mendel and Anderson 1977).

While click stimuli tend to evoke sonmewhat | arger |atencies
and greater anplitude changes conpared to tone bursts (Zerlin
and Naunt on, 1974; Zerki n, Naunton and Mowy, 1973), tona
stimuli have been found to provi de reasonably sensitive frequency
speci fic responses (Mushegl an, Rubert and Still man, 1973;
Kupper man and Mendel 1974; Metarland, Vivien and Gol dstein, 1977
Thornton et al 1977).

Stimulus onset, or risetine, also effects anplitude,
whereas stinuli duration or spectrumhas little influence

(Lane, Kuppernman and CGol dstein 1971; Skinner and Antenoro 1971).

Stinmulus rates of one to ten stimuli per second denonstrate
little effect on anplitude al though hi gher rates do produce somne
overal | anplitude decline (CGoldstein, Rodman and Karl ovi ch, 19727
MFarland, Vivien end WIf et al 1975). A rapid adaptation of

mddl e | atency responses may occur, Since substantial decrease



in overall conponent anplitudes are found with the first 500
stimulus presentations, and greater nunbers of stimuli,
produce no significant anplitude reduction (Gldstein et al,
1972; MFarland et al 1975; Vivion, Goldstein and WIf et a
1977) .

Sone reports indicate difficulty in obtaining reasonabl e
wavef ormin neonates (Engel, 1971, Davis, Hrsh and Shel nutt
et al 1974; Skinner and d attke 1977). Qher studies have,
however been relatively successful, and note little difference
between adult and infant norphol ogy for mddl e conponents as
a function of intensity, or rate of stimulus presentation.
(MRandle, Smth and Gol dstein 1974; Col dstein and McRandl e,
1976, Mendel, Adki nson and Harker 1977) The maj or differences
bet ween t hese popul ati ons are that neonates denonstrate slightly

shorter |atencies and snaller anplitudes than do adults.

The effect of endogenous factors on mddl e | atency conpo-
nents are mninmal. They remain essentially unchanged with
attention to the stinmulus train, ignoring the stimulus as in
reading a book, or sitting with eyes open or closed (Hcton and
Hllyard 1974; Mendel and Goldstein 1969a). The various stages
of natural sleep (Mendel and Col dstein 1971; Mendel 1974,
Mendel and Kupperman 1974) or sleep deprivation (Mendel and Gol dstein

1969b) have little effect on the mddle | atency responses.



Smlarly, light sedation does not di mnish the overal
response (Kuppernman and Mendel 1974; Mendel and Hosi ck 1975;
Mendel , Hosick and Wndrman et al 1975). However, when

conpl ete anaesthesia is attained, mddle | atency responses
are elimnated (Goff, Alison and Lyons et al 1977) even when
recordings are taken fromthe surface of the cortex (Celesia

and Puletti, 1971).

The maj or problemw th m ddl e responses seens to be
the large intersubject variability obtained for the AER
nmeasures of threshold relative to behaviorindices. Thus,
despite the frequency specific sensitivity of the mddle
| at ency conponents and their attractiveness as an audi onetric
tool (Davis, 1976b, Hcton et al 1977), nore refinenent of the
procedures is apparently necessary before they can be enpl oyed
as an obj ective nmeasurenent technique for hearing eval uation.
However, recent work by Gal anbos and hi s associ ates (Gl anbos,
Makei g and Tal machaff 1981) have defined a series of mddle
| at ency conponents obtained with 40 stinulus presentation per
second. This '40 Hz evoked potential' appears to reflect the
nunber and basil ar nenbrane | ocation of the auditory nerve
fibres, a given tone exites. Such an auditarially sensitive
neasure is a promsing new approach for the clinical application

of mddl e | atency conponentss.



Presentation of a contral ateral masking stinulus of
noderate intensity does not appear to affect conponent
anplitudes (Qutnik and Goldstein 1978). Simlarly, binaural
stimulus presentation also shows little effect on the wave-
format |owto-noderate levels of intensity (Peters and
Mendel 1974), but does produce an overall reduction in
conponent anplitudes when intensities are greater than 70 dBHL
(Dobie and Norton 1980). |In contrast tothis result,
Kadobayashi et al (1984) observed that the early conponents
of the mddle |atency responses for binaural stimnulation had

| arger anplitudes than those for nonaural stimulation.

Statenment of the problem

The present study is ainmed at studying if there is any
effect on the anplitude and | atency of the mddl e response
when noise is presented to the contralateral ear. The study
Is also aimed at studying if there is any difference in the
anplitude and | atency of the V peak when neasured using
patients response intervals of 10 ns and 20 ns. And |astly,
the study is ainmed at finding if any binaural interaction

takes place in the mddl e evoked response.
Questi ons:

1. Is there any effect of contral ateral noise on the |atency

and anplitude of the mddle response at sensitivity = 0.27?



2. |Is there any effect of contralateral noise on the |atency

and anplitude of the mddle response at sensitivity = 1?

3. Is there any effect of contral ateral noise on the |atency

and anplitude of the VI peak at sensitivity = 0.2?

4. |s there any effect of contral ateral noise on the |atency

and anplitude of the Il peak at sensitivity = 0.27?

5. Is there any effect of contral ateral noise on the |atency

and anplitude of the VI peak at sensitivity = 1?

6. Is there any effect of contral ateral noise on the |atency

and anplitude of the VII peak at sensitivity = 1?

7. Is there any difference in the anplitude and | atency of
t he V peak when neasured using patient response interva

of 10 ns and 20 ns?

8. Is there any difference between the conbi ned anplitude
of mddl e response (anplitude of response when right ear
was stimulated + anplitude of response when left ear was
stimul ated) and the binaural anplitude response (anplitude
of m ddl e response obtai ned when both the ears were

stimul ated) ?

| nplications of the study:

1. It provides information regarding clinical useful ness of

m ddl e evoked response audi onetry.



2. It provides information regarding the anplitude and
| atency of m ddl e evoked response in nornals using

0.2 uV and 1 uV sensitivity.

3. It provides infornmation regarding the anplitude and
| atency of the VI and i1 peak in nornals using

0.2 uV and 1 uV sensitivity.

4. |t provides information about the anplitude of mddle

evoked response for binaural stimnulation.

5. It provide informati on about the anplitude and | atency
of the V peak in normals while using a patient response

interval of 10 ns and 20 ns.

Terms used:

M ddl e Latency Response: Are those responses having |atency

between that at the early responses, the endocochl ear and
brai nstempotentials on the one hand and the |ate cortica

potentials on the other.

Binaural Interaction (Bl): |s derived by subtracting the sum

of the left and right nonaural responses fromthe binaura

response.



Latency: Refers to the tine relationship between stinmulus

onset and associ ated response.

Anplitude: Refers to the height of a given wave conponent
I.e. measured fromthe peak of the wave to the foll ow ng

t r ough.
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REM EW CF LI TERATURE

Al ong wi th t he devel opnent of conputers and especial ly
t he averaging technique it has been nade possible to record
human audi tory evoked potentials (EP s) appearing as very
weak el ectrical signals at the surface of the skull. Today,
we can use the auditory evoked potentials as part of our
clinical procedures for the diagnosis of audiological and
ot oneurol ogi cal disorders. These nethods are referred to

as el ectric response audi onetry(ERA) (Davis, 1976).

ERA is often referred to as an ' (hjective Test'. Audio-
| ogi sts commonly classify the various audionetric tests
avai | abl e into subjective, behavioral and objective catego-
ries. (bjective tests require no active co-operation from
t he subj ect who can only influence the results by interfering
with the test procedures. The objectivity usually only rel ates
to the subject as often the results may require considerable

‘subjective' interpretation.

Judgenents of responses for clinical purposes are generally
made fromthe visual display of the AER Anmong the factors
whi ch nmake one response nore identifiable than another are
anpl i tude of the peaks and t he anount of biologi noise in the
tracing. dinically, it is desirable to obtain readily iden-
tifiable responses fromsnall nunbers of stimuli over a short

period of tine.
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There are many different auditory evoked potentials that
can be recorded fromthe human scalp in response to various

acoustic stimuli (Picton, Wods and Bari beau-Braun et al 1977).

In the 10-50 nsec | atency range there are various scalp
nuscl e refl exes that can occur in response to |oud acoustic
stimuli (Bickford, 1972). Theinion response in the neck nuscles
appears to depend upon vestibul ar rather than cochl ear connec-
tions (Tounsend and Cody, 1971). The postauricul ar nmuscle
reflex, on the other hand, is initiated by cochlear stimulation
It is abilateral reflex recorded froma |ocalized region of the
nmastoi d process at the level of the external auditory neatus
(Yoshi and kudai na, 1969; Dauck, G bson and Hunphries, 1973;
Strel ete, Katzand Hohenberger et al, 1977). The anplitude of
t he response varies with repetition rate, attention, head posi -
tion, and nuscle tension. |t usually has two nmajor conponents -
a nmastoid - negative wave peaking at 12.15 nsec., followed by
a positive wave at 18-25 nsec. The threshold for eliciting this
reflex is usually between 60 and 70 dBnHL. Qher scal p nuscl e
reflexes can al so be elicited by local auditory stimuli, parti-
cularly in the tenporalis or frontalis nmuscles (Picton, HIllyard
and Krausz et al, 1974). Al of these nuscle refl exes can
distort the mddle latency brain responses. It is therefore
best to record the mddl e responses during sleep, when reflex

nuscle activity is mnimzed.
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Stretz et al (1977) found the m ddl e conponents to be
free of nyogeni c contamnation during sleep and dependant

on the el ectrode position.

M ddl e Lat ency Conponents:

The responses are so call ed because their latency lies
between that of the early responses, the endocochl ear and
brai nstempotentials on the one hand and the | ate cortica
potentials on the other; the latencies of the various peaks
of the mddl e responses range from10 to 50 nsec and have
anplitudes ranging from0.5 to 30 uV. They are generally
denoted by the | abels No, Po, Pa and Nb, although Pb and Nc
are occasionally seen with sonmewhat |onger tine bases eg.
(10-80 nsec). Wien the m ddl e | atency conponents were initially
reported (Geisler, Frishkoff and Rosenblith, 1958) they were
called the "early' AER responses, but have nore recently been
terned the mddle - latency responses. (Picton, HIlyard and
Krausz et al, 1974; Davis, 1976b), due to the defination and
Increased interest in the auditory brai nstem response whi ch
occurs before the mddle latency group (Jewett and WI I i stone,
1971; Skinner and d attke, 1977; Starr, Sohner and Cel esi a,
1978) .

The peak | atencies of the mddl e evoked response usual |y

occur in the followng limts depending on the bandpass of the
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systemused (ol dstein and Rodman, 1967). No-8-10 nsec;

Po- 10- 13 nsec; Na-16-30 nmsec, Pa-30-45 nsec; Nb 40-60 nsec
and Pb 55-80 nsec. The latency of the responses is quite
consistent within the sanme subject and Pa i s, perhaps, the
nost -stabl e of the individual peaks. The peak to peak anpli -
tudes vary fromabout 0.7 to 0.3 uV with the | argest peak
being Nb. ol dstein and Rodnan (1967) found that the conbi -
nati on of Na and Pa provi ded the best neans of identifying

t he responses. The No and Pb peaks are not always identi -

fiabl e.

Suzuki, Yasuhito and Horiuchi (1981) observed auditory
evoked responses to tone pips within the first 25 nsec.
Fol  owi ng signal onset. These were |abelled P10, N15 and
P20. The nunber refers to the latency of the response and
the proceeding letter indicates whether the wave is positive

(p) or negative (N).

In a pilot study conducted by Beattie, Mretti and
Warren, (1984), it was reveal ed that evoked responses w thin
the 25 nmsec, period follow ng the presentati on of tone pips

were characterized by the V pattern (P10-N15-P20).
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Typi cal evoked response waveformto a 40 dBnHL tone pip.
The frequency was 2 KHz and the rise-full tinme was 2 ms.

(Beattie, Moretti and Warren, 1984).

Effects of Stinmulus Frequency and Intensity on the Mddle
Conponents of the Averaged Auditory El ectroencephalic
Response:

Gol dstein and Rodman (1967) studied the early conponents
of averaged evoked responses to rapidly repeated auditory
stimuli. They observed that the latency of the Na, Pa and Nb
peaks remnained relatively consistent at suprathreshold and
threshold levels for nost subjects. Although sone | atency
increase was seen with a decrease in sensation |level, no clear
di fferences were noted in the total group in the response con-
figuration, or latency as a function of sensation level. For
the mpjority of subjects for sensation |evels of 60, 30 and
10 dBSL, a vertex negative peak was seen at 31.25 to 35.00 nsec,
and anot her vertex negative peak at 46.25 to 50.00 nsec. Another
positive peak occured at about 10 to 12 nsec, for many subjects

at 60 dBSL.
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Thor nt on, Mendel and Anderson (1977), observed that
intheir study, there was a trend for greater anplitudes
with |ow frequency stimuli. (Na-Pa) did not show consi s-
tent increase in anplitude as a function of sensation |evel
for any of the tone burst stinuli. However, |ater measures
(Pa-Nb) did show a consistent anplitude growh wth increa-
ing tone burst. Good agreenent across subjects in conposite
AAER peak | atencies was found. Responses to 4 KHz stimul
were found to be snaller and showed a nore gradual growth
in anplitude, so detection at |ow stimulus |evels was nore

difficult.

Kupper man and Mendel (1974); Mendel et al (1975); and
McFarland, Vivion and Gol dstein (1977) have showed that the
m ddl e conponents can be elicited with tonal stimuli of |ow
as well as high frequencies, in adults and simlar results
were reported by Mendel , Adki nson and Harker (1977) in ol der

I nfants.

Madel | and Gol dstein (1972) observed that anplitudes
of the AER for a given sensation |evel varied considerably
bet ween subjects. Latency varied slightly between subjects,
but the response configuration were essentially the sane.

Most of the subjects showed quite consistent response patterns
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and only small anplitude differences between trials. Sone
subj ects nai ntai ned consi stent response configurations between
trials, but with considerably different anplitudes. Al though
nost subj ects denonstrated a fairly consistent relation

bet ween anplitude and sensation level, a fewevidenced little
rel ation between the two. It was al so seen that |atency
decreased as sensation |evel increased upto about 40 dBSL.

The nean | atencies at 50 dBSL were Po, 11.3 ns; Na, 20.8 ns;
Pa 32.4 ns; and Nb 45.5 ns. These values were simlar to

t hese reported by(CGol dstein and Rodnman 1967; Mendel and ol dstein
1969a and b) . For all peak-to-peak nmeasures, they found that

anpl i tude increased as sensation | evel increased.

Zerlin et al (1973), tested 4 awake subjects with one
third octave clicks centered at 500 Hz, 1 KHz, 2 KHz and 4 KHz.
A | atency decrease of 5 ns between 500 and 4 KHz was reported

in their study.

Afailure to find a systemc increase of anplitude for the
Na- Pa peaks with increasing |evel for tone pips was observed
in a study by Kupperman and Mendel (1974). This result was
found to be puzzling, however, the results for the Pa-Nb peaks
showed the anticipated trend. Al though the absol ute anplitudes
differed, the trend for the Pa-Nb peaks corraberated with the
earlier reports using click stimuli-Mudell and Col dstein (1972)
and Mendel (1973).
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Mendel son and Sal any (1981), observed that the |atencies
for Po were slightly shorter than those for Pb and these were
reported to be considerably |onger than these reported by ot her
i nvestigators. This may be attributable to the extrenely
brief duration of the click stimuli? the relatively w de response
filter band pass that was enpl oyed, or a conbination of these

factors.

Anpl i tude of evoked responses to tones of high intensity
was neasured by Picton, Goodnman and Bryce (1970). They observed
a definite decline in the anplitude intensity curve above
70 dB1SO S mlar results were al so obtained i n other |abora-
tories (Davis and Zerlin, 19667 Butler et al, 1969). This decline,
was found not to be related to cross hearing, but did occur at
an Intensity very close to the stapedius reflex threshold. The
stapedius reflex occurs at too long a | atency, however to be a

causati ve factor.

Qigin of the Mddl e Response:

kitsu et al (1977) who studied the mddl e | atency response
toclick stimuli, suspect that the origin of the Po peak may be
different fromthat of Na and Pa Peak. In a later study by
Ckitsu et al (1980), they studied the m ddl e conponents of the

audi tory evoked response in young children while awake and asl eep.
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They summari zed that the mddl e conponents nay be divi ded
into four groups conprising Po, Na, Pa and peaks | ater
than Nb; and that each group has different origins of path-

ways of the response.

Controversy about the source of generators for the

m ddl e conponents still exist. Ceisler et al (1958), did

one of the earliest studies using averaging conputers. They
concl uded that the response was cortical in origin because
(a) it was repeatable fromthe sane subject; (b) it was record-
able froma wi de area of the scalp; (c) nonaural stimulation
evoked a bilateral response; (d) the symetrical placenent of
el ectrodes recorded virtually the sane response and (e) these
| at enci es were conparable to onset |atencies for the sonato
sensory and visual system In a later, nore extensive study
of these evoked response conponents, Ceisler (1960) concl uded
that their characteristics are simlar to aninmal cortical
responses; their activity can be detected at the cortex, but

they are not necessarily cortical in origin.

Harker et al (1977) found the mddle | atency responses to
be of neurogenic origin. This was supported by Goff (1978)
and Mendel (1979). However, Bickford et al (1964) and Borsanyi

(1964) suggested the response to be or nyogenic origin.
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Picton et al (1974) found a nyogeni c response to acoustic
stimuli with alatency simlar to the neurogenic response.. Pa.
But, the nyogenic response was found to be highly variabl e,
and Pi cton concluded that the mddl e | atency conponents |argely
represent potentials fromcortex and thal anus. Beagley, also
appoi nts the site of generation of the mddl e responses, al nost
certainly to be situated in the auditory radiations in tne
thalamc region, and in the primary auditory cortex in the

tenporal | obe.

Based upon ani mal experinents the assunption has been nade
that the m ddl e conponents one of neurogenic origin, generated
in the primary auditory cortex (Valloch 1975; Brugge and Img
(1978).

Vaughan and Ritter (1970) found early human scal p conpo-
nents with a maxi mumanplitude, superior to the estinated | eve

of the sylvian fissure and inverting in polarity belowthis |evel.

| n preoperative tenporal |obe recording, Ruhmet al (1976)
found evidence indicating that the tenporal |obe is the generat-

ing site of the mddl e conponent.

Cel esia (1976) found auditory evoked potentials in man
with a |atency of about 15 nsec and |ater, when recording directly

fromthe Heschl's gyri. Wen recording fromthe perisylvian area.
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responses with a latency of about 30 nsec were found. However,
Coff et al (1977) found the early part (15 nsec) of these com
ponents to be suppressed by barbiturate anaest hesia and concl uded
that it could not be the prinmary cortex response and that subse-
guent neurogeni c auditory evoked responses were too late to be

generated in the primary cortical area.

The earlier mddle - |atency conponents (No, Po, Na) m ght
arise fromthe nedi al geniculate and pol ysensory nuclei of the
thal amas, while the later portions of the wave forns are found
over wi de areas of association cortex (Ceisler et al 1958?

Picton HIllyard and Krausz et al 1974, Davis, 1976b).

However, recent clinical evidence with bilateral auditory
cortical damage suggests that these responses do not arise from
the primary auditory cortex (Parving, Salonon and H berling

et al, 1980).

There is general agreenent that the early conponents of
the auditory evoked response are derived fromgenerators with
in the auditory nerve and brainstem while the mddl e evoked
potential's conponents, reflect activation of the thal anus and
cerebral cortex (Picton and Smth, 1978). However, this is no
consensus as to the precise origin of waves P10, NL5 or P20

(Borg 1981; Rowe 1981). These authors agree that interpretation
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of the evoked response waves in specific anatomcal terns is
guesti onabl e because of the auditory pathway. This conplexity
is well stated by Rowe (1981) - "Controversy continues over
whet her the activity arises in nuclear structure or tracts or
ipsilaterally or contralaterally to the stimil ated ear or
bilaterally. The conplex spatial arrangenent of the auditory
system structures, the conbi ned sequential and simnultaneous
activation of generators, and the overlapping of transient and
sustained activity fromnultiple sites probably preclude any
specific correlation between a given brainstemsite and a

particul ar response peak".

Uncertainity in associating specific waves with anatomc
structures also is due to the use of scal p el ectrodes which
are situated sone distance fromthe neural generators. The
electrical activity fromthe auditory systemis transmtted
to the scalp via a vol une conductor (brain, tissue, extracellular

fluid) this has in honogeneous el ectric properties (Borg, 1981).

Borg (1981) suggested that the generators of the evoked
potentials are located in the relay stations of the auditory
pathway rather than in the tracts. He specul ated that depol ari -
zation of nerve cell bodies is the main source, but that

presynapti c and postsynaptic events may be involved as wel | .
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Davis and H rsh (1979) suggested that NL5 may represent the
el ectrical output of dendrites and cell bodies in the gray
matter of one or nore of the brainstemnuclei of the auditory

syst em

The above review indicates that the conplexity of the
audi tory systemprecl udes assigning specific generator sites

t o waves P10, N15 and P20.

Conpari son Between Early and M ddl e Latency Evoked Response: -

For the past several years, auditory brai nstemresponse
(ABR has been shown to be a val uabl e tool for assessing
el ectrophysi ol ogi cal thresholds to sound stinuli. Wthits
sudden popul arity, it has overshadowed an ol der procedure,
m ddl e | atency evoked response (MLER). MERis said to be
avalid and reliable auditory el ectrophysiol ogi c procedure.

(Ruhmet al 1977; Mendel and Gol dstein, 1961).

Recently reported experience would seemto indicate the
M.ER t o be advant ageous over ABR in regarding to obtaining
frequency specific auditory information (Thornton et al 1977;
McCandl ess 1978; Picton et al 1977). However, in enphasizing
clicks, a stimulus best suited for ABR, it is difficult to

surm se whether ABRor MLER is better for neasuring el ectro-
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physi ol ogi ¢ responses close to threshold. However, other
studies report that threshold for clicks determned by EEA
using the mddl e conponents of the AER agree closely wth
vol untary behavi oral thresholds for clicks determned on the
sane subjects. (Ceisler, Frishkoff, and Rosenblith 1958,
Lowel I, WIlians, Ballinger and Al ving 1961? Col dstei n and
Rodnman 19677 Madel | and Gol dstein 1972).

Musi ck and CGeurkink (1981) conpared ABR and MLER sensi -
tivity near threshold. They observed that considerably nore
subj ects yielded mddle | atency waves Pa and Pb along with
brai nstemwave V than brain stemwaves | and Il and mddl e
| atency wave Pc. This was nost evident at a |ow SL(5 dB) and

this difference decreased as intensity increased.

I n anal ysing t he percentage of possible responses for each
of the brainstemand mddle |atency waves for all SL's com
bi ned, wave Pa had the hi ghest occurance foll owed by wave V,
wave Pb, Wave |11, wave Pc and wave |. Wien conbi ni ng al
mddl e | atency and brai nstemwaves being anal ysed for all SL's,
M.ER waves yi el ded a significantly hi gher percentage of responses
than ABR waves. ABR | atencies decreased with increases in
intensity and were consistent and predi ctable. Latencies for

the m ddl e waves were nore vari abl e and | ess predi ctabl e.
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especi al |y wave Pc. However, (Freenan 1965; Mendel and

Col dstei n, 1969a) have reported m ddl e conponents, elicitable
in a replicable fashion under distraction? over extended tine
percods (Freeman 1965; Mendel and Gol dstein 1969b); during

sl eep (Mendel and Gol dstein 1969b; 1971a and b; Mendel, 1974;
Mendel and Kupperman 1974), and with the subject pharnacol o-
gically sedated (MRandl e and Gol dstein, 1973; Mendel, Hosi ck,
Wndman, Davis, Hrsh and D nger 1975; Mendel and Hosick 1975).
They can be elicited fromneonates (MRandle, Smth and

CGol dstein, 1974; ol dstein and McRandl e 1976), and fromyoung

i nfants (Mendel, Adkinson, and Harker 1975). Because of their
rapid recovery (Ruhm Wal ker and Fl ani gin 1967; Col dstein,
Rodman and Karl ovi ch 1972; MFarl and, Vivion, WIf and CGol dstein
1975; Vivion 1975; Vivion, Coldstein, Wl f and McFarl and 1977),
m ddl e conponents can be elicited by rapidly repeated stinmuli
allowing clinical derivation of an AERin a resonably bri ef

peri od.

McFarl and, Vivion and Goldstein (1977) did not observe
consi stent or reproduci bl e m ddl e conponent peaks between
8 and 25 ns, in all subjects for all stimuilus conditions. The
peaks Po and Na, did not energe clearly enough to warrant
extensive description or analysis. Either the filter conditions
enpl oyed, or an unfavourabl e signal-to-noise ratio, or a conbi-
nati on of both probably account for these peaks not being clearly

observabl e i n the AER s.
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Thornton et al (1977) were not able to identify two of
the earliest mddl e conponent peaks. No and Po, in their
conposite AER s even though they enpl oyed slightly different

filter conditions.

The nean latencies for the mddl e responses Pa and Pb
reported by Miusei k and Geurkink (1981) were found to be in-
fairly good agreenment with other published data (Davis, 1976
Gol dstei n and Rodnman 1967; and, Madell and Gol dstein 1972).
However, there is less agreenent in terns of the |atency of
wave Pc. The greater anplitude for the Mddl e Latencies are
said to be a chief factor in being able to read t hese waves
nore easily than the brainstemwaves. This difference is
especially noted at the extrenely |low SLs. The larger anpli -
tudes for the mddle |atency waves is probably attributable
to a greater nunber of nerve fibres being involved at a hi gher

cortical |evel.

Misei k and Geurkink (1981), feel that for neasurenents
near auditory threshold, M.ER nay be as good or a better proce-
dure than ABR But, this viewpoint nust be tenpered with sone
reservations. It nust be renenbered that the subjects tested
were adults having nornal hearing. Jerger and Maul din (1978)
reported an estimating high frequency (1 KHz to 4 KHz) threshol ds
for a hearing inpaired popul ation for which a 15 dB standard
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error was found using ABR MFarland et al (1977) using MER
also tested a hearing inpaired population. No standard error
for thresholds was reported. However, these two studies were
considerably different in the nethodol ogi es enpl oyed and direct

conpari sons ar e i npossi bl e.

MLER is said to be a sensitive neasure near threshol d.
This may be of nost value in pediatric testing, but high repe-
tition rates are nore commonly enployed with ABR than MLER
However, this advantage nmay be partially off set by the fact
that MLER often requires fewer trials to obtain a readabl e

wavef or m

In summation, it is inportant for those involved in neasur-
I ng auditory el ectrophysiol ogi cal responses at |ow SLS not to
limt their procedures to ABRtesting. Rather, the potentials
of other el ectrophysiol ogical nmeasures such as M.ER shoul d be
kept in mnd. It is only by the use of these various neasures
clinically and experinentally that the best procedure wll be

realized (Misick and Geurkink 1981).

Effects of Noi se: -

Masking is said to occur when one sound nmakes anot her sound
difficult or inpossible to hear, or when the threshold of the
signal (the masker) has been el evated by a second signal or noise

(the masker) (Moore, 1983).
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The maski ng phenonena studied in the psychoacoustic |ab
can al so be studied in the | ab of physiology. Al though,

physi ol ogi cal studi es of masking are not nunmerous (Gerken 1971).

Bl egrad (1972) examnad the effect of contral ateral nasking
in apatient inwhom in all probability, one cochlea had been
deprived of its efferent innervation. Stimulation of the better
ear wwth white noi se exerted a definite influence on the tracings
fromthe operated ear. The finding suggests that the contra-
| ateral masking effects, is due to a central nechani sm rather

than to an action upon the opposite cochl ea.

Rosenhammer and Hohnkui st (1983) conpared nonaural |y evoked
ABRs to clicks at 70 dBnHL in the presence of contral atera
maski ng by white noise at 60, 70, 80 and 90 dBnHL with the
corresponding ABR s without contral ateral masking. They observed
that the latency of wave-I did not change significantly with
contralateral noise at any one of the four |levels. The |atency
of wave-111 was significantly prolonged only at the noise |eve
of 90 dBHL. The |atency of wave-V was significantly increased
at the noise levels of 80 and 90 dBHL. The average | atency pro-
| ongation were on the order of 0.05 nsec. The findings suggest
the latency increnents to be attributable to central nasking than
to acoustic cross over or stapedies reflex elicitation. Contra-
| ateral white noise at |evels bel ow 80 dBHL did not seemto

effect the ABRto clicks above 65 dBnHL.
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In contrast to the above finding, Rajalakshm (1983),
observed that there was no effect of contral ateral noise
on brai nstem evoked response elicited using 2 KHz and 4 KHz
| ogon stimulus. She concluded that there may not be any
central masking effect operating when the noise is presented
to the contralateral ear, while testing the test ear during
BSERA. If the central maski ng phenonenon had operated, the
anplitude and | atency of brai nstem evoked response woul d have

changed during contral ateral noi se condition.

Reid and Thornton (1983), in their study, observed that
contral ateral nasking had no statistically significant effect
upon the BSER A possi bl e explanation for this finding nmay
be found in the hypothesis of Gersuni and his associ ates
(Gersuni 1971). They proposed that a different mechani sm
and pathway within the auditory systemexists for short dura-
tion sounds and for |onger duration sounas. |If the w de band
click stinmulus produces neural activity within the onset res-
ponding 'short duration part of the auditory pathway and the
conti nuous w de-band nmaski ng noi se causes neurons in the | ong
duration path of the pathway to fire, then, perhaps for this
reason, contralateral nasking will not have an effect on the

BSER
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Evans (1974) suggested that the auditory systemdivi des
into two subsystens that can be differentiated anatomcally
and functionally at the brainstemlevel at |east, and they
may be related to the processing of |ocalization, and pattern

I nfformation respectively.

Frei gang, VonSpecht and Qeken (1974) applied white noise
to the contralateral ear of nornmally hearing persons at 0, 30
and 40 dB |l evel s several times in an alternating sequence, while
constant stimulation of the ipsilateral ear with a 1 KHz tone
at 70 dB was applied similtaneously. They noticed that there was
a small increase in anplitude during stinmulation of the opposite
ear wth white noise at 30 dB and a reduction in anplitude at
40 dB. The latencies were found to increase in both cases. These
changes were explained by the authors in terns of a centra

nmechani sm

Anant hanar ayan and Gerken (1983) in their study, observed
two contrasting effects on conponents of the ABR One was partia
maski ng of wave-111, and the other was anplitude enhancenent of
wave V. It is possible that wave V generators receive input via
a pathway not reflected in wave Il1. The increased |atency of
wave V could seemto indicate though that the wave V generator(s)
are also driven by a sound afrected by partial nasking, hence

t he enhancenent of wave V would be a central effect. They state
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t hat anot her possi bl e passive basis is that the enhancenent
of wave V may be due to the sel ective nmasking of wave VI.
The fact, however, that wave VI did not always exhi bit masking

makes this explanation unlikely.

Three experinments were carried out by Reid, Birchall and
Mffat (1984). Inthe first experinment, in six unilaterally
deaf people a wide band click at 90 dBSL, relative to the
threshold in the nornal ear, was presented to the deaf ear and
t he anmount of maski ng needed to wash out the sound crossing
over to the good ear was neasured. In the second experi nent
clicks at 70 dB, 80 dB and 90 dBSL were presented to five
unilaterally deaf subjects in the deaf ear and t he brai nstem
responses evoked fromthe nornal hearing ears were recorded.
In the third experinment, ABRs were recorded fromnine nornally
hearing subjects. dicks at 70 dB, 80 dB and 90 dB were
presented to one ear, both with and wi thout 50 dBSL of contra-
| ateral masking. Results of the first experinent showed that,
inall subjects, the stinulus was nmasked out when 50 dBSL
maski ng was used. In the second experinent, it was seen that
wave V was present in all the subjects when a stinulus of 90 dBSL

was presented to the deaf ear, this response was abolished by

masking the nornally hearing ear at 50 dBSL. In the third expe-

for
riment, it was found that/waves | to V there were no significant

| atency or anplitude differences between the results obtained with
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and wi t hout masking at each stimulus |evel, although, there

was a 19%increase in the anplitude of wave V w th naski ng

at a 90 dBSL click level. However, for wave VI the anplitude

was significantly reduced wi th maski ng when the stimlus was

set at 90 dBSL, but there was no significant effect at the

| ower stimulus level. Wthout nmasking, the anplitude of wave-V

I ncreased noticeably with an increases in stimulus intensity.
Wth 50 dBSL of masking such an increase was not evident. It

was al so seen that, wth no nasking, the anplitude of wave-V

at a 90 dBSL stimulus level differed significantly fromthe
anplitude at a 70 dBSL and at an 80 dBSL stimulus level. Wth
masking at 50 dBSL the difference between stinulus |evels was

not significant. It was also seen that as the stimulus intensity
i ncreased the latency of wave VI decreased. This |atency change
was nore noticeable with no contral ateral masking. An explanation
given for this phenonenon was that the presence of wave V from

the contralateral ear is affecting wave V and VI fromthe test ear.

< Central masking is said to occur when the level of a sound
presented to one ear is affected by the presentation of a nasker
to the contralateral ear. Prasker and Cohen (1984) studied the
sel ective effects of contral ateral nasking on brai nstempotential s.
They observed that the nmean reduction in anplitude of wave V from
nonaural clicks to clicks with pul sed noi se at the contral at eral

ear is 41%whilst the nean increase with binaural clicks is 52%
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The | atency of wave V did not seemto be affected signifi-
cantly by the different stinmulus conditions. The conputer
sumof the responses recorded with the click and noi se pul ses
presented i ndependently resulted in no significant effect on
wave V anplitude. As the conputer sumrepresents to a first
approxi mation ihe binaural summation of activity at the

two ears, the efferent suppression, or central masking, nay
be responsible for the difference between the conputer sum
and the actual recording with the click and pul se noi se presented
si mul taneousl y. The fact that only wave V was affected by the
pul sed white noise at the contral ateral ear suggests that the
area of nediation of the central masking effect is caudal to
the site of generation of wave V. The enhancenent of wave V
anpl i tude on binaural click presentation nay be attributed to
bi naural summation of activity fromthe two ears. There is
evidence that certain neural elenents are only activated by
dichotic stinmulation thus leading to a greater anplitude when
recorded fromrenote el ectrodes, however, as the increase in
anpl i tude of wave Vwi th binaural stinmulation is not tw ce.

t he nonaural response anplitude, the difference may be due to
t he summation of 'suppressed activity fromthe two ears. n
bi naural stimulation either side influences the afferent

i npul ses at the other via the efferent pathway |eading to
reduced activity at the two ears. The summation of activity
at the two sides resulting in an anplitude greater than tw ce

t he nonaural response but |ess than tw ce the nonaural sum
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In this respect it is of note that Gal anbos (1956) and ot hers
(Fex, 1959; Desmedt and Manaco 1961; Sohner 1965) have shown
that direct stinulation of Rasmussen's efferent oliva cochl ea,
bundl es reduces the afferent click evolved activity in the

auditory nerve.

The effect of ipsilateral noise on the m ddl e conponents
of the AERwas investigated by Smth and Gol dstein (1973).
Peak to peak anplitudes were nmeasured in response to clicks in
t he presence of white noise wn the sane ear. Peak to peak
anplitude varied directly with signal to noise ratio. Anplitudes
neasured from negative signal-to-noise and silent control condi-
tion did not differ fromeach other. Smth and Gol dstei n assuned
that wave forns fromthe inaudi bl e (nmasked) signals took their

shapes fromthe ongoing activity of the brain.

Qitnick and Gol dstein (1978) studied the effect of contra-
| ateral noi se on the mddl e conponents of the averaged el ectro-
encephalic response. Three levels of signal (20, 40 dBSL and
silent control) and four |evels of masker (20, 40 and 80 dBSL
and silent control) were used. The results of this study
showed that the anplitude for conditions with signal at silent
control was significantly different fromthe anplitude for
conditions with the signal at 20 and 40 dBSL. The conti nuously

on masker, did not produce aggregate tinme |ooked neural activity.
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necessary for a replicable AER Rather,the AER took its shape
fromthe filtered and sumred back ground el ectroencephatic acti -
vity and ot her el ectrophysiol ogic noise. The nmasker in the
contral ateral ear did not degrade the m ddl e conponent AER
evoked by the signal in the test ear when the nasker was at 20
or 40 dBSL. The nmasker at 20 or 40 dBSL produced +0. 7 and

-0.7 dB of threshold shift, both of which were non significant.
The significant nmasker level effect, was attributable to pair

wi se conparison involving the 80 dBSL nmasker. It produced a
nmean signal threshold shift of -16.6 dB whichmay be attributable
either to activation of the acoustic reflex or to transcrania
maski ng. The 80 dBSL masker appeared to reduce the AER anplitude

only when it significantly reduced the |oudness of the signal.

B naural Interaction:-

Binaural Interaction (Bl) potential is derived by subtract-
ing the sumof the left and right nonaural responses fromthe

bi naural response (Parker and Salt 1982).

According to Dobie and Berlin (1979), binaural interaction
Is defined as any deviation fromthe predictions of a non inter-
active linear nodel. This nodel assunmes that there are two sets
of BSER 'generators' one for each ear, and that binaurally evoked
BSER s woul d be predicted exactly by summation of the separate

nonaural | y evoked BSER traes. This sumated response (P) is
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subtracted fromthe binaurally evoked response (B) to yield
adifference trace (D), which nay be regarded as representing

derived, binaural interaction.

Dobi e and Berlin (1979) observed the presence of Bl in
the brain stem evoked response of the guinea pig; |inear
summat i on of the nonaural BSER did not predict the binaural
BSER This nonlinearity affected both, the peak- to-peak
anplitude of wave IV and the |atency of peak V. since the
effects of binaural interaction on the BSER wave formare
conpl ex, the nagnitude of Bl ia best estimated by the nagni -
tude of DN;P, conplex in the (D trace, rather than by conpa-
rison of wave IV anplitude frompeak nmeasurenents. The magni -
tude of Bl was large (92.8%of wave |V anplitude on the average),
and varied very little in a test-retest situation. Defenite
Bl was run at stimulus intensity |levels of 87 and 67 dBpeSPL,
with interaural intensity difference of + 20 dB and with inter-
aural time difference of upto + 1000 JU& They al so noti ced
that the latency of this interaction (3.3 to 4.0 ns) was nost
consistent with an effect at the level of 3rd order neurons,
many of which are likely to arise fromthe superior olivary com
pl ex. Binaurally innervated neurons nmay receive excitatory input
fromboth ears (E-E) or excitatory input frorpéne ear and i nhi bi -
tory input fromthe other (E-1), either type can explain the
effect observed, and units of both types are present in the superior

ol i vary conpl ex (Mushi gi an, Ruport, G dda, 1975).
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Hal | and Gol dstein (1968) in their study on unanesthetized
cats observed that by far, the nost commonly encountered binaural
interaction was one in which the response to binaural stinulation
was judged to be greater in size than the response to stinulation
of either ear alone at the sanme frequency and sound pressure
level. This interaction is referred to as summation. 1In a less
frequently encountered form of binaural interaction, stimnulation
of one ear made the response to stinulation of the other ear

weaker. They ternmed this formof interaction '"inhibition'.

Denker and Houze (1982) found evidence of binaural interac-
tion in ABR at equal sensation levels. The fact that difference
trace defl ections are present even when subjective | oudness |eve
i s bal anced across conditions suggests a qualitative difference

in the neural response to binaural summation

Parker and Sclt (1982) in their study on factors affecting
the binaural interaction of the auditory brainstemresponse
observed that binaural interaction potentials exhibited marked
phase change between tenporal and mastoid | ocations. It was
seen that differential electrode pairs using |ocations where
Bi naural Interaction potentials were antiphasic, gave |arge
Bi naural Interaction potentials. Symetrical displacenent of
t he binaural image to the left and right by introducing (a)
interaural intensity or (b) interaural time delay differences
did not necessarily produce symmetric difference in the B

potenti al .
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Gal braith, Aine, Squires and Buchwal d (1983) studied
Bl in auditory brain stemresponses of nentally retarded
in-dividuals. The retarded individuals did not differ from
control subjects when the anplitude of binaural auditory
brai nstem responses were conpared to the conputer summation
of such responses evoked by left and right ear stinulation?
however, there was evidence for a general binaural interac-

tion effect.

Yamachi, Yamanoto, Nakanmura and |wanaga (1981) studied
bi naural interaction in auditory brainstemresponses. The
results of the study suggest that the neural organization
the binaural interaction takes place at the |level where
waves V and VI are generated. And trapezoid body transection

leads to a loss of this effect in waves V and VI .

Gardi and Berlin (1981) did a study for a search for the
neural structures responsible for the generation of the BI
conponent. They concluded as follows: the BIC nust be generated
by neurons nore rostrally situated along the auditory pathway
t han those conprising the central nuclei of the inferior
colliculus. They also discovered that, in general, higher
frequency tone pips were nore likely to generate a BIC than

| ower frequency tone pips. Thus the BlIC waveformcan be accounted
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for by the presence of high frequency neurons firing in
response to equal intensity signals presented binaurally
to each ear. Based on this reasoning, the only prinmarily
hi gh frequency sensitive region inthe proposed generator

area is the lateral superior olive.

Peters and Mendel (1974) in a study of mddl e | atency
auditory evoked potentials, found that nonaural and
bi naural clicks of equal |oudness yielded equal response
anplitudes and | atency. Though this was not a test of BI,
the findings are in contrast to those observed by Dobi e and
Norton (1980) who found Bl in mddle | atency responses.
They observed that binaural responses were nuch |arger than
nonaur al responses, even when elicited by stinmuli 20-30 dB
less intense. They feel that this difference in the two
studies could be due to the difference in the neural nechanisns
underlying the generation of the mddl e conponent auditory
evoked potential and the generation of the auditory brainstem
response. Denker and Houie (1982) have contradicted this

statenent by saying that the two nmechani sns are identical.

Kadobayashi et al (1984), conpared mddl e |atency responses
for nonaural and binaural stimuli. The early conponents of the
mddl e | atency responses for binaural stimulation had |arger
anpl i tudes than those for nonaural stimulation. This has not

been reported by other authors, although conparison of brainstem
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auditory evoked potentials for nonaural and bi naural stimul
has been nmade (A nslie and Boston (1980); Dobie and Norton
(1980), in which, all peak-to-peak anplitudes of the early
conponent s under binaural stimulation were found to be |arger
t han those obtai ned under nonaural stimulation. This suggests
that inpulses fromthe right and left ears elicited the

response in the brainstem

Thus, fromthe reviewof literature on mddl e evoked
response, one can see that no pertinent literature is avail able
regarding the effect of contralateral noi se and bi naural
interaction on the mddl e evoked response, hence this study

has been taken up.
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METHCDOLOGY

Subj ect s:

Thirteen femal e and nine nmal e subjects in the age range
of 18 to 23 years were selected fromthe student popul ation

of AIl India Institute of Speech and Heari ng.

The subjects selected for the study, had no history of
any ear di scharge, earache, tinnitus, giddiness, headache,

brai n damage or exposure to |oud sounds.

Al the subjects had hearing sensitivity within 20 dBH.
(ANSI, 1969) in the frequencies 250 Hz, 500 Hz, 1KHz, 2KHz and
4 KHz.

| nstrunents used:

Bel t one 200-C audi onmeter with TDH 39 earphones and circum
aural cushion M-41/ AR were used for obtaining pure tone

threshol ds at 2 KHz.

H ectric Response Audi oneter Mbddel TA-1000 was used. It
consi sted of a SLZ-9793 desk top consol e which contains all of
the; operating controls, indications and readouts for the system
SLZ 9794 preanplifier which is an isolated preanplifier with
frequency response and gain specifically designed for ERA a set

of standard silver chloride el ectrodes, TDH 39 earphones and
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ci rcunmaural cushion MX-41/ AR Calibrated paper was used to record

the responses and el ectrol yte gel, adhesive tape and spirit

was used for purpose of fixing the el ectrodes.

TA-1000 operates with four knobs and ni ne push button

swi t ches.

The knobs are: -

1.

3.

The stinmul ation Function Knob, which permts selection of

frequencies 2 KHz, 4 KHz or 6 KHz at a repetitive rate of
5 or 20 stimuli per second, and patient's response inter-
vals of 10 ns or 20 ns imrediately follow ng the acoustic

| ogon sti mul us.

Stimulus Attenuator Knob, which permts sel ection of

acoustic logon stimuli fromO dBH. to 100 dBHL.

The Scal e Functi on Knob, which permts selection of system

sensitivity and nunber of average response sanpl es, that

Is for 1024 sanples 0.5, 1 and 5 uV per division sensitivity
are avail able. For 2048 sanples, 0.2, 0.5, 1 and 2 uV per
division sensitivities are available. And for 4096 sanpl es
0.1, 0+2, 0.5 and 1 uV per division sensitivities are

avai | abl e.

The Latency Control Knob, provides a curson nmark on the

oscil | oscope display of the M ddl e Response Wave for precise

41
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determnation of latency. Readout of l|atency in nsec
to 0.2 ns is displayed in digital formdirectly above

this control.

The Push Button Sw tches Are:

Power

Scope: G ves an oscill oscope display of the wave.

1

2

3. Qear: (ears the mcroprocessor.

4. Start/Stop: Indicates the mcroprocessor average function.
The average function is automatically termnated when the
sel ected nunber of sanples has accunul ated or when any
average nenory channel is full. The average can be stopped
to evaluate internmediate results and restarted w t hout

di sturbing the average action.

5. Record: Records the wave onto the calibrated paper.

6. Mask: Provides broad band noise to the contral ateral ear

only when either air left or air right stinmulus is presented.
7. Alr Left: Provides stimulus to the left ear phone.
8. Alr Right: Provides stimulus to the right ear phone.

9. Bone:Provides stimulus to the bone vibrator.

TWF/ Run/ EEG switch: This switch should be in run position for

nornmal operation. Wen in the TWF position, after a clear, the

oscill oscope will display a characteristic test waveformto
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confirmoscill oscope operation. |In the EEC position,after
a clear, oscilloscope wll display the patients ongoing EEC

activity.

A stimulus generator was used to generate |ogon signals.
The logon stimulus is characterized by three peaks in a 50%
negative, 100%positive, 50%negative sequence foll owed by
a 50%positive, 100%negati ve, 50%positive sequence revarsing

on each successi ve stimul us.

Test Envi ronment:

The study was carried out in an acoustically sound treated
dimy Iit roomat Al India Institute of Speech and Heari ng.
The anbi ent noi se level present in the test roomwere bel owthe

proposed nmaxi num al | owabl e noi se | evel s.
Pr ocedur e:

Al the subjects were screened at 20 dBHL in t he frequencies
250 Hz, 500 Hz, 1 KHz, 2 KHz and 4 KHz to find the presence or

absence of a hearing loss in both the ears.
The study consisted of three different experinents.

Experi nent - 1:

Eight female and 7 nal e subjects were expl ained the nature

of the test. They were nmade to Iie down confortably on a bed
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with a pillow to reduce neck nuscle tension and t here by
artefacts. The subjects were told to either relax with eyes

closed or to sleep.

The preanplifier was |ocated very near to the subjects
and the subject's el ectrode cable was pinned to the pillow

skin
The el ectrodes and the/surface were cleaned with spirit.

Bl ectrode gel was sneared on the electrodes. Each el ectrode
with the electrode gel was fixed to the cleaned skin with the

hel p of adhesive tape.

The 3 el ectrodes were placed as foll ows:

Red or signal electrode was placed on the high forehead.
Wiite or reference electrode on the nastoid of the test ear.

Bl acK or ground el ectrode on the nmastoid of the nontest ear.

The earphones were placed and the power button was sw tched
on. The TWF/ Run/EEG switch was set to 'run'. The stinulus
function knob was turned to select a stinmulus of 2 KHz at a
repetitive rate of 20 stinmuli per second and patient's response

interval of 20 ns.

The stimulus attenuator knob was turned to select a stinulus

of 60 dB.



The scal e function knob was turned to provide 2048

stimuli at 0.2 uV per division sensitivity.

By neans of the push button, the |ogon stinmulus was
presented to the right ear in four fenmales and four nal es,

and to the left ear in four fenales and three mal es.

The 'clear' push button was then pressed to clear the
m croprocessor, and the start push button was sw tched on.
After the sanpl es were accumul ated, the average function
autonatically stopped. The response was recorded on to the
calibrated paper and the nunber of sanples accunul ated was
noted down since it was observed that in sone cases, the
sanpl es did not accumul ate upto 2048, even after a nunber

of tries.

Next, the response was recorded with the presence of

maski ng noise in the contral ateral ear.

The same procedure was repeated to obtain recordings at
80 dB, 100 dB, and at 4 KHz - 60 dB, 30 dB and 100 dBin the

absence and presence of contral ateral noi se.

The follow ng were determned fromthe recordi ngs;
1. Latency: The latency of peak Po was determ ned by counting
t he nunber of vertical lines on the calibrated paper from
the point the curve starts to the peak of the wave. Each

vertical straitian is equal to 0.2 ns.

45
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2. Amplitude: The nagnitude of the patients response in mcro
volts was determned using the fornula:

= NXTxS .
n M wher e,

= nunber of sanples present on the scale.

zZ

n = nunber of sanples actually counted.
T = The anplitude of the desired trace feature.
S = The sensitivity.
M= Masker anplitude.
The sane procedure was then carried out on nine fenal es
and four mal es using 2048 sanples, 1 uV per division since it
was observed that with reduction in sensitivity,the peak Po

appeared nore cl ear.

Experinent-11:

To find the difference in anplitude and | atency of peak V
of the early response when recorded using patient response

interval of 10 ns and 20 ns.

Six female and two nmal es who had acted as subjects in
experinment-1 were explained the nature of the test. They were
made to |ie down confortably on a bed with a pillow  Earphones

wer e pl aced on the subject after fixing the el ectrodes.

The stinmulus function knob was turned to select a stimulus
of 2 KHz at a repetitive rate of 20 stinuli per second and patient's

interval at 10 ns.



The stimulus attenuator knob was turned to sel ect a

stimulus of 80 dB.

The scal e function knob was turned to provide 2048 sanpl es

at 0.2 uV per division sensitivity.

Wth this setting, the early response was obtai ned and

| atency and anplitude of the V peak was determ ned.

The sane procedure was repeated to obtain an early response
at 4 KHz, 80 dB.

The anplitude and | atency of peak V using patient response
interval of 20 nms was neasured directly fromthe response record-

ing obtained in experinment-1.

The data obtai ned was then anal ysed statistically using

W/ coxon mat ched pairs signed, rank test.

Experinent-111:

To determ ne Binaural Interaction.

Threshol ds for the subjects were determned for a 2 KHz
pure tone. nly those subjects having equal thresholds in both

ears were chosen for the experinent.

Seven fenal e and three mal e subjects were first explai ned

47
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the nature of the test. They were nmade to |ie down confor-
tably on a bed with a pillow. The electrodes were fixed

and t he earphones were placed on the subject.

A 70 dBSL logon stinmulus was presented to the right ear
and the m ddl e response was recorded whil e keeping the
stimulus function knob at frequency 2 KHz, repetitive rate
of 20 stimuli per second and patients response interval at
20 ms. The scal e function knob was set at 2048 sanples, 0.2 uV

pr division sensitivity.

The same procedure was repeated to obtain a mddle
response in the left ear and mddl e response when both the

ears were presented with |ogon stinmuli simltaneously.

The anplitude of peak Po was cal cul ated using the formul a

= N X TxS

n M
Binaural Interaction was calcul ated using the formla.
Binaural Interaction = Binaural Response - predicted Response.

Predi cted response = Response of right ear + response of |left ear
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RESULTS AND DI SCUSSI ONS ,
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RESULTS AND DI SQUSS| ON

Resul t s:

The results were anal ysed statistically using WI coxon
signed ranks test. Table |a, shows the latency and anplitude
of peak Po, neasured for a stimulus of 2 KHz and table Ib
shows the Latency and anplitude of peak PO, neasured for a
stimulus of 4 KHz with sensitivity at 0.2 uV, in the presence
and absence of contralateral noise. The results showthat at
2 KHz 60 dBHL five out of fifteen subjects show cl ear peaks
In the absence of contralateral noise and only four out of
fifteen subjects show cl ear peaks in the presence of contra-
| ateral noise. At 2 KHz 80 dBHL, only one subject shows a cl ear
peak in the absence of contral ateral noi se, where as four out
of fifteen subjects show clear peaks in the presence of contra-
| ateral noise. At 2 KHz 100 dBHL six subjects show cl ear peaks
i n the presence and absence of contralateral noise. A 4 KHz
60 dBHL, three of the subjects show clear peaks in tne absence
of contralateral noise, while in the presence of contral atera
noi se, four subjects showclear peaks. At 4 KHz 80 dBHL, three
subj ects show cl ear peaks in the absence and presence of contra-
| ateral noise. At 4 KHz 100 dBHL, out of fifteen subjects, four
subj ects show a cl ear response in the absence of contral atera
noi se where as five subjects show cl ear responses in the presence

of contral ateral noi se.
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Tabl e-2a shows the | atency and anplitude of peak Po,
neasured for a stinmulus of 2 KHz and Tabl e-2b shows the | atency
and anplitude of peak Po neasured for a stimulus of 4 KHz with
sensitivity at 1 uV, in the presence and absence of contral ateral
noi se. The results showthat at 2 KHz 80 dBHL, only one of the
subj ects showed a clear peak in the absence of contral ateral
noi se, where as in the presence of contral ateral noise, two out
of the thirteen subjects showed cl ear peaks. At 2 KHz 80 dBHL
seven subjects showed cl ear peaks in the absence of contral ateral
noi se and si x subjects showed cl ear peaks in the presence of
contralateral noise. At 4 KHz 80 dBH.+ Four subjects showed
cl ear peaks in the absence of contral ateral noi se and two
subj ects showed cl ear peaks in the presence of contral ateral
noise. At 4 KHz 100 dBHL, six out of the thirteen subjects
showed cl ear peaks in the presence and absence of conteal ateral

noi se.

Tabl e-3a shows the anplitude and | atency of the VI peak
neasured at 2 KHz and Tabl e-3b shows the anplitude and | atency
of the VI peak neasured at 4 KHz with sensitivity at 0.2 uV,

I n the presence ana absence of contral ateral noise. The results
showthat at 2 KHz 60 dBHL si x subjects showed cl ear peaks,
whereas in the presence of contral ateral noise, eight subjects
showed cl ear peaks. At 2 KHz 80 dBHL, ten out of the fifteen

subj ects showed cl ear peaks, whereas in the presence of contra-
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Tabl e-3b: Showing the latency and anplitude of the VI Peak for 4 KHz with sensitivity
at 0.2 uv in the presence and absence of contral ateral noi se.
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| ateral noi se, eleven subjects showed cl ear peaks. At 2 KHz
100 dBHL ei ght subjects showed cl ear peaks, and only seven
subj ects showed cl ear peaks in the presence of contral ateral
noise. At 4 KHz 60 dBHL seven subjects showed cl ear peaks in
t he absence and presence of contralateral noise. At 4 KHz

80 dBHL, ni ne subjects showed cl ear peaks, seven subjects
showed cl ear peaks in the presence of contral ateral noise. At
4 KHz 100 dBHL twel ve subjects showed cl ear peaks in the
absence of contralateral noise and 10 subjects showed cl ear

peaks in the presence of contral ateral noi se.

Tabl e-4a shows the anplitude and | atency of the VII peak
neasured at 2 KHz and Tabl e-4b shows the anplitude and | atency
of the VI1 peak neasured at 4 KHz with sensitivi?@/?hztﬂg presence
and absence of contralateral noise . The results showthat at
2 KHz 60 dBHL, in the absence of contral ateral noise, two out
of the 15 subjects showed cl ear peaks, where as in the presence
of contral ateral noi se, none of the subjects showed cl ear peaks.
At 2 KHz 80 dBHL five subjects showed cl ear peaks and in the
presence of contralateral noise, four subjects showed cl ear
peaks. At 2 KHz 100 dBHL five subjects showed cl ear peaks in
t he absence of contralateral noise and 6 subjects showed cl ear
peaks in the presence of contralateral noise. At 4 KHz 60 dBH.,

only one subject showed cl ear peaks, where is in the presence

of contralateral noise, five subjects showed cl ear peaks. At
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4 KHz 80 dBHL t hree subjects showed cl ear peaks and in the
presence of contral ateral noise, two subjects showed cl ear
peaks. At 4 KHz 100 dBHL, seven subjects showed cl ear peaks,
but in the presence of contralateral noise only two subjects

showed cl ear peaks.

Tabl e-5a shows the anplitude and | atency of the Vi
peak neasured at 2 KHz and Tabl e-5b shows the anplitude and
| atency of the VI peak neasured at 4 KHz, with sensitivity
at 1 uvin the presence and absence of contral ateral noi se.
The results showthat at 2 KHz 80 dBHL, six subjects had cl ear
peaks, where as in the presence of contral ateral noise, only
one of the subjects showed cl ear peaks. At 2 KHz 100 dBHL
Si X subjects show cl ear peaks in the absence/contral atera
noi se and five subjects show cl ear peaks in the presence of
contralateral noise. At 4 KHz 80 dBHL five subjects show cl ear
peaks, but in the presence of contralateral noise, only two
subj ects show cl ear peaks. At 4 KHz 100 dBHL, ten subjects
show cl ear peaks and in the presence of contral ateral noi se,

ei ght subjects showed cl ear peaks.

Tabl e-6a shows the anplitude and | atency of the VI|I peak
neasured at 2 KHz and Tabl e-6b shows the anplitude and | atency
of the VIl peak neasured at 4 KHz with sensitivity at 1 uVin
t he presence and absence of contralateral noise. The results

showthat at 2 KHz 80 dBH. two out of the thirteen subjects had
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cl ear peaks, but none of the subjects had clear peaks in the
absence or contral ateral noise. At 2 KHz 100 dBHL, four

subj ects showed cl ear peaks in the presence and absence of
contral ateral noise. At 4 KHz 80 dBHL, none of the subjects
showed cl ear peaks but two subjects showed cl ear peaks in the
presence of contralateral noise. At 4 KHz 100 dBHL five ot

t he subjects showed cl ear peaks and only three subjects showed

cl ear peaks in the presence of contral ateral noise.

Tabl e-7 shows the anplitude and | atency of the V peak
when neasured using patient response interval of 10 ns and
20 ms, at 2 KHz 80 dBHL and 4 KHz 80 dBHL. The results show

that all the subjects have cl ear peaks at both 10 ns and 20 ns

patient response interval.

Tabl e-8 shows nean and standard deviation for the anpli -
tude and | atency of the V peak when neasured using patient
response interval of 10 ns and 20 ns. The nean val ues of the
V peak latency using 10 ns patient response interval at 2 KHz
and 4 KHz 80 dBHL were found to be 1 ns nore than the V peak
| atency using 20 ns patient response interval. The standard
devi ationof the V peak | atency neasured using 10 ns patient
response interval at 2 KHz and 4 KHz 80 dBHL is significantly
hi gher than the standard deviation of the V peak |atency

nmeasured using 20 ns patient response interval at 2 KHz and 4 KHz

80 dBHL.
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Tabl e-9 gives the Wl coxon T val ues of significance for
the V peak |atency and anplitude at 2 KHz 80 dBH. and 4 KHz
80 dBHL, using patient response interval of 10 nsec, and
20 nsec. The results showthat the T values for the V peak
anplitude at 2 KHz 80 dBH. and 4 KHz 80 dBHL for 10 nsec, and
20 nsec, patient response interval is nore than the T val ue
given in the table for Wlcoxon T test of significance at the
0.05 level of significance. The T value for the latency of
the Vpeak at 4 KHz 80 dBHL for 10 nsec, and 20 nsec, patient
response interval is nore than the T value given in the table
for the Wlcoxon T test of significance at the 0.05 | evel of
significance. The T value for the latency of the V peak at
2 KHz 80 dBHL for 10 nsec, and 20 nsec, patient response inter-
val is less than the T value given in the table for the

W I coxon test of significance.

Tabl e- 10 shows the values of the right ear anplitude,
right ear latency, left ear anplitude, left ear I=tency, com
bi ned anplitude Binaural anplitude and Binaural |atency val ues
of peak Po (Mddle response). Table-10 al so shows the T val ues
for the anplitude of mddl e response neasured bi naural |y
(anplitude of m ddl e response obtai ned when both the ears were
stinulated) and for the conbi ned anplitude of the mddle response

(anplitude of response when right ear was stinulated + anplitude
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of response when | eft ear was stinmulated). The results show
that the T value for the conbi ned anplitude of mddl e response
and t he val ues of the binaural anplitude response is greater
than the value given in the table for Wlcoxon T test of

significance at the 0.05 |evel of significance.

According to the results obtained fromthe study, the
peaks VI, VIl and Po did not energe clearly enough in all the
subjects for all stimulus condition to warrant extensive

description or anal ysis.

Thus, the questions - "Is there any effect of contral ateral
noi se on the latency and anplitude of the mddle response at

sensitivity = 0.2?".

"Is there any effect of contral ateral noise on the |atency

and anplitude of the mddle response at sensitivity = 1 uv?."

"Is there any effect of contral ateral noise on the |atency

and anplitude of the VI peak at sensitivity = 0.2 uVv?".

"Is there any effect of contral ateral noise on the |atency

and anplitude of the VII peak at sensitivity = 0.2 uVv?".

"Is there any effect of contralateral noise on the |atency

and anplitude of the VI peak at sensitivity = 1 uVv?".
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And "Is there any effect of contral ateral noise on
the latency and anplitude of the VI peak at sensitivity

= 1 uV' could not be conpl etely answered.

The question, "Is there any difference in the |atency
and anplitude of the V peak when neasured using patient
response interval of 10 nsec, and 20 nsec?" has been answered.
There is no significant difference in the anplitude of the
V peak when neasured using patient response interval of 10 nsec
and 20 nsec at 4 KHz 80 dBHL and 2 KHz 80 dBHL. There is no
significant difference in the anplitude of the V peak neasured
when using patient response interval of 10 nsec and 20 nsec
at 2 KHz 80 dBHL. But a significant difference was found in
the latency of the V peak, neasured when using patient response

interval of 10 nsec and 20 nsec at 2 KHz 80 dBHL.

Finally, the question, "Is there any difference between
t he conbi ned anplitude of mddl e response (anplitude of response
when right ear was stinulated + anplitude of response when |eft
ear was stimulated) and the binaural anplitude response (anpli -
tude of m ddl e response obtai ned when both the ears were stinu-
| ated) ?" has been answered. No significant difference has been
found between the conbi ned anplitude of the m ddl e response and

t he bi naural anplitude response.



Thus, the present study shows that, no consistent Vi
VIl and Po peaks between O and 20 nsec in all the nornmal subjects
tested in the presence and absence of contral ateral noi se and
using sensitivity of 0.2 and 1, is observed. The present study
al so shows that no significant difference is observed in the
anplitude and | atency of the V peak neasured at 4 KHz 80 dBHL
using patient response interval of 10 nsec and 20 nsec. No
significant difference is observed in the anplitude of the V
peak nmeasured at 2 KHz 80 dBHL, but significant difference is
observed in the latency of the V peak at 2 KHz 80 dBHL when

neasured using patient response interval of 10 nsec and 20 nsec.

Further, the study also shows that there is no significant
di fference between the conbined anplitude of the mddle response

and the bi naural anplitude response.
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D scussi on:

Results of the present study shows that some subjects
have identifiable Po Peaks when neasured at 2 KHz and 4 KHz
with sensitivity at 0.2 uVit is seen that all the subjects
having an identifiable Po peak show a reduction in |atency
in the presence of contral ateral noise for a stimlus of

2 KHz and 4 KHz at 100 dBHL and 80 dBHL.

At 2 KHz 60 dBHL, two subjects having identifiable Po
peaks show an increase in latency in the presence of contra-
| ateral noise and at 4 KHz 60 dBH.? only one of the subjects
having an identifiable Po Peaks has an increase in |latency in
the presence of contral ateral noise. The other subjects show
ing clear peaks at 2 KHz and 4 KHz 60 dBHL, show a decrease in

| atency in the presence of contral ateral noi se.

Thus, at high intensities, above 60 dBHL, there is a
decrease in the latency of peak Po in the presence of contra-
| ateral noi se, whereas at 60 dBHL, the change in latency of

the peak Po in the presence of contralateral noise is variable.

Wien the m ddl e response is neasured using sensitivity =
1uV, it is seenthat in all the cases having identifiable
peaks Po, there is a decrease in latency in the presence of
centralateral noise. In only two instances, there is no change
in the latency of peak Po in the presence of contral ateral

noi se. In none of the subjects having identifiable peaks is
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these an increase in latency in the presence of contral a-

teral noi se.

Qut ni ck and Gol dstein (1978), observed that with high
intensity noise a€ 80 dBSL in the contral ateral ear, there
was a nean signal threshold shift of - 16.6 dB in the mddle
evoked response threshold, which they attribute to either

activation of the acoustic reflex, or to transcranial nasking.

Prasher and Cohen (1984) studied the selective effects
of contral ateral masking. They observed that only wave-V was
affected by the pul sed white noise at the contral ateral ear
and t hus, they suggest that the area of nediation of the cen-
tral masking effect is caudal to the site of generation of

wave- V.

Thus, based on the results of Prasher and Cohen (1984),
in the present study increase in latency of the peak Po in the
presence of contral ateral noi se, whose site of generation is
distal to the site of generation of wave-V cannot be attri bu-

table to central nasking effect.

The increase in latency cannot he attributed to activation
of acoustic reflex or transcranial masking since, the increase
in latency is observed at lowintensity |levels and not at high

intensity |l evels as observed by Qutnick and Col dstein (1980).
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Therefore, sone ot her phenonenon nust be operating. The

present data is not sufficient to describe this phenonenon.

There is a reduction in the |atency of peak Po observed
at higher intensities at 2 KHz and 4 KHz. The present data,

I s not adequate enough to explain this.

The results of the present data showthat in sone
subjects, at certain intensity and frequency | evels, clear
VI peaks are identifiable when nmeasured using sensitivity =
0.2 uV. For subject 1, 5 and 11, thereis an increase in
| atency in the presence of contral ateral noise. Wereas for
the other subjects, there is either a decrease or no change

in latency in the presence of contral ateral noi se.

When neasured for sensitivity 1 uV, those subjects having
clear VI peak show either a decrease or no change in the

| atency in the presence of contral ateral noise.

Reid, Birchall and Mffat (1984) carried out three expe-
riments. The results they obtained, showed that for wave-W
the anplitude was significantly reduced w th nmaski ng when the
stimulus was set at 90 dBSL, but there was no significance
effect at the lower stimulus levels. Wthout masking, the
anpl i tude of wave-VlI increased noticeably with an increase in
stimulus intensity. It was also seen that with no nasking, the

anpl i tude of wave-VI at a 90 dBSL stimulus level differed
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significantly fromthe anplitude at a 70 dBS and at 80 dBSL

stimulus | evel .

In the present study, the VI peak does not show any
consi stent change in anplitude with change in intensity, and
only a mni mum anount of consistency is these in the change
of latency as a function of change in intensity. Thus, the
present data is not sufficient to explain the cause of decrease
in latency of the VI peak in the presence of contral atera

noi se.

Results of the present study show that peak VI| neasured
at 2 KHz and 4 KHz at different intensity |levels, at sensiti-
vity 1 uV and0.2uVis identifiable in only a few subjects and
only at sone intensity levels, there is no consistency seen
intheresults identified. Therefore, further research and

nore consistent data is required to come to some concl usi on.

The present study answers the question "Is there any
difference in the anplitude and | atency of the V peak when

nmeasur ed using patient response interval of 10 nmsec and 20 nsec?",

The results of the present study showthat there is no
significant change in latency and anplitude of the V peak
when neasured at 4 KHz 80 dBHL with patient response interval

at 10 nsec and 20 nsec. Wen neasured at 2 KHz 80 dBHL, there
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Is a significant change in the [atency of peak V, but no
significant change is observed in the anplitude of peak V
when neasured using patient response interval of 10 nsec

and 20 nsec.

Moore (1983) has given the effects of stinulus para-
neters on ABR He says, there are only three prinmary stinmulus
paraneters, frequency, intensity and tinme. No studies have
studied the effect of patient response interval. Thus, from
t he present study, one can assune that increase in patient
response interval brings about a decrease in latency at 2 KHz

80 dBHL.

Further, the present study, has al so been able to answer
the question' |Is there any difference between the conbi ned
anpl i tude of mddl e response (anplitude of response when right
ear was stimulated + anplitude of response when |eft ear was
stimul ated) and the binaural anplitude response (anplitude of

m ddl e response obtai ned when both the ears were stinul ated)?"

In the present study, no significant difference is present
bet ween the conbi ned anplitude of mddl e response and the
bi naural anplitude response. Results of the study al so, how
t hat nonaural and binaural responses for logonstimuli of equa
sensation | evel does not yield equal response anplitudes. The
anpl i tude yielded by admnistering |logon stimulus to only one
ear is less than the anplitude yi el ded by adm ni stering | ogon

stimulus to both the ears sinmultaneously.
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Dobi e and Norton (1980) and Kadobayashi et al (1984)
have al so observed that the early conponents of the mddle
| at ency response for binaural stimulation had |arger anpli -

tude than those for nonaural stimnul ation.

Dobi e and Norton (1980) have reasoned that since this
difference is present between the nonaural and bi naural
response, the neural mechani smunderlying the generation of
the mddl e conponent auditory evoked potential is different
fromthe neural nechani smunderlying the generation of the
auditory brain stemresponse. Denker and House (1982) have
contradicted this statenent by saying that the two mechani sns

and identical .

Ainslie and Bosten (1980) have observed the anplitude
of waves |, Il and V for binaural stinulation are significantly
| arger than those for nonaural stinmulation. Therefore, accord-
Ing to Kadobayashi et al (1984) the peak to peak anplitudes of
the early conponents of the mddl e response under bi naural
stimulation being |arger than those obtai ned under nonaur al
condition, can be attributed to inpulses fromthe right and

left ears eliciting the response in the brain stem

In the present study al so, since the anplitude of peak Po
under binaural stinmulation is larger than the anplitude of peak
Po under nonaural condition for peak Po, the inpulses fromthe

right and left ear are eliciting the responses in the brain stem
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The present study was ained at investigating whether
there is any effect of contral ateral noise on the |atency
and anplitude of the VI, VII and Po peak. Sinultaneously,
the study was also ained at seeing if there was any change
in the anplitude and | atency of the V peak when neasured
usi ng patient response interval of |Orsc.and 20nsec. And
finally,the study attenpted to find out if there was any
di fference between the conbined anplitude of m ddl e response

and the binaural anplitude response.

The El ectric Response Audi oneter Model TA-1000 was used
for the study. The study was divided into three experinents.
In experinent-1, the latency and anplitude of the m ddle
| at ency response was neasured for eight normal fenales and
seven normal males, in the presence and absence of contral a-
teral noise. In experinent-2, six normal females and two
normal mal es, who had acted as subjects in experinent-1, were
taken as subjects and | atency and anplitude of averaged evoked
response was neasured, while keeping the patient response
interval at 10 nsec. |In experinent-3, seven normal females and
three normal mal es having equal thresholds in both the ears,
were taken for the study. Anplitude of the m ddle response from
the left ear, right ear and when both the ears are stinulated

bi naural ly, were recorded.



Concl usi ons:

1. Aear VI peaks were obtained when tested at sensitivity
0.2 uvin
10/ 15 subjects at 2 KHz 80 dBHL;
8/15 subjects at 2 KHz 100 dBHL;
9/15 subjects at 4 KHz 80 dBHL; and
12/ 15 subjects at 4 KHz 100 dBHL.

2. Cear VI peaks in the presence of contral ateral noi se
wer e obtained when tested at sensitivity 0.2 uvVin - -
11/ 15 subjects at 2 KHz 80 dBHL;

7/15 subjects at 2 KHz 100 dBHL;
7/15 subjects at 4 KHz 80 dBHL; and
10/ 15 subjects at 4 KHz 100 dBHL.

3. Uear VI peaks were obtained when tested at sensitivity
luv/in__
6/ 13 subjects at 2 KHz 80 dBHL;
6/ 13 subjects at 2 KHz 100 dBHL;
5/ 13 subjects at 4 KHz 80 dBH.; and
10/ 13 subjects at 4 KHz 100 dBHL.

4. Cear VI peaks in the presence of contral ateral noi se
were obtai ned when tested at sensitivity 1 uvin - -
1/ 13 subjects at 2 KHz 80 dBHL;
5/13 subjects at 2 KHz 100 dBHL;
2/ 13 subjects at 4 KHz 80 dBHL; and
8/ 13 subjects at 4 KHz 100 dBHL.
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In all the subjects, except 3 subjects, for the VI peak
there was either a decrease or no change in |atency when
neasured in the presence of contralateral noise at 2 KHz

and 4 KHz, with sensitivity at 0.2 uV.

In all the subjects having clear VI peaks, there was a
decrease, or in sonme no change in | atency when neasured
In the presence of contralateral noise at 2 KHz and 4 KHz,

keepi ng sensitivity at 0.2 uV.

G ear VII peaks were obtai ned when tested at sensitivity
0.2 uin

5/15 subjects at 2 KHz 80 dBHL;

5/15 subjects at 2 KHz 100 dBHL;

3/15 subjects at 4 KHz 80 dBHL; and

7/15 subjects at 4 KHz 100 dBHL.

Cear VII peaks in the presence of contral ateral noise
wer e obtai ned when tested at sensitivity at 0.2 uVin - -
4/ 15 subjects at 2 KHz 80 dBH.?

6/ 15 subjects at 2 KHz 100 dBHL;

2/ 15 subjects at 4 KHz 80 dBHL; and

2/ 15 subjects at 4 KHz 100 dBHL.

G ear VI peaks were obtained when tested at sensitivity
at 1uvin —

2/ 13 subjects at 2 KHz 80 dBHL;

4/ 13 subjects at 4 KHz 100 dBH.;

None of the subjects at 4 KHz 80 dBHL; and

5/ 13 subjects at 4 KHz 100 dBHL.
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G ear VII peaks in the presence of contral ateral noise
wer e obtai ned when tested at sensitivity at luvin - -
None of the subjects at 2 KHz 80 dBHL;

4/ 13 subjects at 2 KHz 100 dBH.;

2/ 13 subjects at 4 KHz 80 dBHL; and

3/13 subjects at 4 KHz 100 dBHL.

O ear Po peaks were obtained when tested at sensitivity

at 0.2 uvin
at
1/15 subjects/2 KHz 80 dBH.?

7/15 subjects at 2 KHz 100 dBH.?
3/15 subjects at 4 KHz 80 dBH.? and
4/15 subjects at 4 KHz 100 dBHL.

C ear Po peaks in the presence of contral ateral noise
wer e obtai ned when tested at sensitivity at 0.2 uVin -
4/15 subjects at 2 KHz 80 dBH.?

7/15 subjects at 2 KHz 100 dBH.?

3/15 subjects at 4 KHz 80 dBH.? and

5/15 subjects at 4 KHz 100 dBHL.

C ear Po peaks were obtai ned when tested at sensitivity
at 1 uvin

1/13 subjects at 2 KHz 80 dBHL;

7/13 subjects at 2 KHz 100 dBHL;

4/ 13 subjects at 4 KHz 80 dBH.; and

6/ 13 subjects at 4 KHz 100 dBHL.
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O ear Po peaks in the presence of contral ateral noi se
wer e obtai ned when tested at sensitivity at 1 uvin - -
2/ 13 subjects at 2 KHz 80 dBHL

6/ 13 subjects at 2 KHz 100 dBHL;

2/ 13 subjects at 4 KHz 80 dBHL; and

6/ 13 subjects at 4 KHz 100 dBHL.

In all the subjects having clear Po peaks at sensitivity
0.2 uV, there was a decrease in latency at high intensity
| evel s above 60 dBHL at 2 KHz and 4 KHz in the presence
of contral ateral noise. Wereas at 80 dBH.L for 2 KHz and
4 KHz, the change in latency in peak Po in the presence

of contral ateral noi se was vari abl e.

In all the subjects having clear Po peaks at sensitivity =
1 uV, there was a decrease in |atency when nmeasured in the

presence of noise at 2 KHz and 4 KHz.

| ncrease in sensation |evel does not bring about consi stent
increase in anplitude and decrease in latency in the mddle

evoked response.

There was no significant change in latency and anplitude
of the V peak when neasured at 4 KHz 80 dBHL with patient

response intervals of 10 and 20 nsec.



19.

20.

21.

22.
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There was significant difference between the |atency
val ues of V peak (2 KHz 80 dBHL) obtained at 10 nsec,

and 20 nsec; patient response intervals.

There was no significant difference between the anpli -

tude val ues of peak V (2 KHz 80 dBHL) obtained at

10 msec and 20 nsec patient response intervals.

The anplitude of Po peak was greater in binaural stinu-

lation than in nonaural stinulation.

Difference in anplitude for nonaural and binaural
response may be explained in terns of Kadobayashi et al
(1984) finding that for peak Po, inpulses fromthe

right and left ear, elicit the response in the brain stem

tati ons of the study:

3.

A small popul ation is tested.
The latency range is United to 20 ns.

The age range is |imted.

Recommendat i ons:

1. To carry out the study on a |arger popul ation, using

stimulus rate of 5 stinmuli per second.

2. To study the effect of contralateral noise on m ddle response

by using patients response interval of 100 nsec.



3. To study the effect of patient response interval on

V peak using a |arger popul ation.

4. To study Binaural Interaction for peaks Pa and Pb of

the mddl e | atency response.
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