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| NTRCDUCTI ON

Since Catan described the electrical activity of the
brain in 1875, Neurophysiol ogi sts have slow y accumul at ed
a significant anount of infornation regarding the neuro-

physi ol ogy, anatony and bi oacoustics of heari ng.

The aimof E ectric Response Audionetry is to record
the potentials which arise in the auditory systemas a

result of sound stinul ation.

There are 3 types of Hectric Response Audi onetry( ERA)

1. El ect r ocochl eogr aphy.
2. Brainstem evoked response audionetry.

3. Cortical evoked response audi onetry.

I n Brai n-stem Evoked Response Audionetry (BERA) far
field, specifically generated. E ectrical |npulses thought
to refl ect neurophysiol ogic events which take place in the
auditory pathway in response to sound stinmuli are recorded
within 10 ms. The key to Brai nstemresponses i s synchreni -

sati on.



Because of its relative lack of variability and its
imunity to such non-auditory factors as attention, state
of conci ousness and sedation, the Auditory Brai nstem Response
(ABR) which is generally recorded fromthe vertex has
attracted increasing interest as a diagnostic tool (i.e.
i n establishing the hearing threshold in infants and subj ect
unco- operativeness for the routine audionetry and i n otoneuro-

| ogi cal di agnosis).

The effect of neurol ogi c dysfunction on atleast three
Audi tory Brai nstem Response(ABR) | atency neasures have been

reported.

1. Absol ute wave V | at ency
2. Interaural wave V latency difference (ILD
3. | nterwave |atency between waves | and I11; Il and V;

and/ or | and V.

Enphasis on the Interaural latency difference (ILD is
a common net hod in studies, which deal with the effects of
cerebel | opontine angle lesions (Clerais and M. Gee, 1979;
House and Brackman 1979; Selters and Brackman 1977,

1979; Thonsen et al 1978; Rosenhaner 1980).



Interwave |latencies are the prinmary response criteria
In studies of patients with lesions affecting the entire
auditory pathway (Black et al 1979; Cchs et al 1979; Starr
1976, 1977; Starr and Achorl 975? Starr and Ham | ton 1976;
Stockard and Rossiter 1977; Stockard et al 1976, 1977; Uzil

and Benezech 1978). (as cited in Fria 1980)

The Interaural latency difference (ILD neasure (when
conpared wi th those of other special tests) denonstrates

the best true positive rate (around 93% dems and Curtis

1977).

Wien it can be applied, the ILD is a nore sensitive

neasure than absolute |latency (dams and McCee 1979).

The nature of the stimulus, recording procedure and

subj ects evaluated all have associated effects on the ABR

Rowe (1978) observed norphol ogi cal differences between

ears.

Absol ute anplitude [neasures show wi de vari ati on between

and wi t hin subjects (Aradeo and Shagass, 1973; Starr and

Achor 1975). Relative anplitude neasures are nore consi stent



bet ween subjects and within the same subject on different

occasions (Starr and Achor 1975; Stockard et al 1978b).

ABR changes related to stinmulus intensities have been
studi ed by various authors (Jewett and WIliston 1971; Jewett
et al 1970; Hecox and Gal anbos 1974; Picton et al 1977;

Starr and Achor 1975; Yanada et al 1975; Rowe 1978; Stockard

et al 1978b, 1979; Wl fe et al 1978).

Brai nst em responses have frequency conponents distributed
in a frequency range that extend from about 10Hz to 2KHz
(B berling 1979; Gsterhamrel 1981). Most workers agree that
frequency specific responses may be obtai ned using tone bursts
of 2KHz or higher. (Davis and Hrsch 1975; Parker 1976; Weber
and Fol som1977; Mair et al 1980; Cobb et al 1978) found no
appar ent f requency ef f ect on t he ABR

The difference between ABR properties for nale and fenal e
subj ects haw been investigated by many aut hors (Beagley and
Shel drake 1978; Stockard et al 1978b, 1979; MCoel |l and and

MCrea 1979; Jerger and Hall 1980).



The ILD is non-contributory in cases with bilateral
lesions. In"the ILDis nore likely to |lead to anbiguities
when the patient's audionetric loss is unknown and criteria
based on ILD assume that a series connection is the only
| i nkage between neural generators of the response. Stockard
et al (1977) point out that the neural generators of the

ABR are connected in parallel as well as in series.

The detection of ABR abnornalities conpatible with
neurol ogi c |esions can be based on the followi ng criterion

response measures.

(1) I-111, 111-V and |-V interwave |atency.
(i) The difference between ears for these interwave
| atencies (f.stockard et al 1978b) and

(3) the relative anplitude ratio of waves V and I.

The application of these response neasures to the
clinical setting requires the selection of cut-off values
that are anticipated to distinguish normal and abnor nal

results with mniml error.



The variation in ABR paraneters between studies
enphasi zes that normative values are not conparable

across | aboratories using different equipnents.

The need for the present study:

1. dinical utility of the ILD test has been denon-
strated previously by many studies. (Selters and
Brackman 1977, 1979; A em s and McGee 1979; Thonmsen

et al 1978; Rosenhaner 1980; Mair et al 1980).

2. Normative data for ABR have been found to vary
with regard to the type of equi pment used; hence
there is an urgent need for establishing the normal

| LD usi ng TA-1000.

The study was focussed on the follow ng questions:

1.  What is the range of the Interaural anplitude and

Interaural latency differences in normal subjects?

2. VWhat woul d be the mean val ues of Interaural |atency
difference, Interwave latency; Interaural Interpeak
| atency and relative anplitude in normal hearing

subej cts?



TERVS USED:

Response Latency:- The tine rel ationship between any response and

the stimulus eliciting that response.

Absol ute latency:- Refers to the tinme relationship between stinuli

onset and associ ated response.

I nterwave Latency:- Refers to the time difference between(lnterpea

| at ency, (I PL) used synonynously with Interwave |atency)2 conponent

waves(expressed in M secs.).

Interaural absolute latency difference (ILD):- Refers to the

difference in absolute |atencies of the ABR response between the

2 ears, at idental stimulus paraneters.

Response anplitude:- Refers to the height of a given wave com

ponent (usually nmeasured in mcrovolts), i.e. nmeasured fromthe

peak of the wave to the follow ng trough.

Rel ative anplitude:- The absolute anplitude of ABR conponents

waves are expressed in relation to one anot her.

A

A & B = absol ute anplitude
Rel ative Anplitude= B



Interaural Anplitude Difference (1AD):- Refers to the

difference in anplitude for the ABR between the 2 ears
at identical stinulus parameters.

Interaural Interpeak Latency Difference (lIIPL):- Refers

to the difference in Interpeak |atencies for ABR between
the 2 ears.

Interaural Relative Anplitude Difference (IRAD) :- Refers

tothe difference inrelative anplitudes for the ABR

bet ween the 2 ears.



The brief reviewin this capter cavers the follow ng

aspects:

1.

Hi story

Anat om cal origins of Response Conponents.
a) Human studies
b) Animal studies

Techni cal aspects of ABR

Nor mal Response Paraneters:
a) Response Mor phol ogy

b) Response Latency

c) Response Anplitude.

Factors affecting Normal Paraneters.
a) Stinulus Effects

b) Procedure Effects

c) Subject Effects

6. Cinical Application
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Hi story:

The presence of electrical potentials in the brain was
first noted by Eaton (1875) who recorded el ectrical changes
in the exposed brain of rabbits and nmonkeys. The history of
t he Brai nstemresponses began in 1967 with the work of Sohner
and Fei nnesser in Jerusalem Jewett (1970) postulated on the
basis of cat recordings that there were 4 positve waves
following action potential which he related to specific gene-
rators wthin the Brainstem Jewett and WIIliston (1911)
showed that acoustically generated "early" potentials could

be detected from a wde area of the skull.

Further studies in humans by Jewett, Romano and WIIi ston,
Sohmer and Fei nnesser and associ ates, Hecox, Gal anbos (1974)
and associ ates, Starr and Achor (1977) and ot hers have shown
that these responses are reliable clinical indicators of both
normal and pat hol ogi cal conditions in the peripheral auditory

syst em

Hecox and Gal anbos (1974) used the term Brainstem audi -
tory Evoked responses; Later on they changed it to Acoustic
brai nstemel ectrical responses. The international ERA study

group (Davis 1971) favour the termelectric response audionetry.
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The commonest abbreviation in recent literature i s brain-

stem H ectrical Responses - BSER or BER

Anatomcal Qigins of Response Conponents: -

Since a long tinme, various investigators have specu-

| at ed about t he origin of ABR conponent s.

Ani mal studi es: -

Many investigators have investigated the neural gene-
rators in animals. (Jewett 1970: Lev and Sohner 1972:
Buchwal d and Huang 1975, Starr and Achor 1978; Allen and
Starr (1978). as cited in Fria 1980).

Human studi es: -

Martin and Coats 1973; Martin and Moore, 1977; Picton
et al 1974; studied the topographical analysis of scalp

di stributions of human ABRs.

Picton et al concluded that waves | through IV repre-
sented activity of the auditory nerve and Brai nstem nucl ei,
but the ABR waves recorded fromvertex to nmastoid reflected
the conposite contribution of multiple generators. Coff et al
1977 strongly indicated a subcortical |emiscal origin for

the ABR wave conponent s.
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Many investigators (Jewett 1970; Lev and Sohner 1978;
Achor and Starr 1978) assign a specific correspondence bet -

ween gi ven ABR conponent waves and specific neural generators.

A diagrammatic representation of this correspondence is
shown in the figure as described by Jewett 1970; Starr and

Achor 1978.

It is a fast wave, polyphasic response with a | atency
from about 1-10 msec. and a peak to peak anplitude from
about 50 nmanovolts to over /mcrovolt. Largest anplitude
occurs at peak V which is robust against stinmulus rate

(Hyde et al, 1976) and the effects of masking (Parker and
Thornton 1978a) and it shows little adaptation(Thornton and
Col eman 1975) and cambe detected at stinulus |evels close

to audionetric threshold (Lev and Sohner 1972).

Summary of sone physiol ogical features relevant for inter-

pretation of ABRin nan in physiol ogi cal and anatom cal terns:

The generators of ABR are localised to nerve cell bodies
inthe relays of the auditory pathway. The najor source is
depol ari sation of the cell bodies, excitatory and inibitory

post synaptic potentials and depol ari sation of presynaptic
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termnals may contribute. The time schedule for the |eading
vol l ey of action potentials followng a click stinulus is the
framework needed for interpretation of ABR in norphol ogica

terms.

Aclick stimulus is transformed to a transient oscilla-
tion on the basilar nenbrane (Prior to the sound reaching
the inner ear, it is influenced by the resonant characteri-

stics of the sound transm ssion system.

It generates a volley of a action potentials the |ead-
ing front of which, generated in the high frequency region

sets up a field potential.

In the brainstemrelays especially superior olivary
conpl ex, several groups of synchronised units fire with some
delay causing nultiple local field potentials. These oscillat-
ing potentials summate vectorially to formthe surface recorded
far field potential (ABR) Wave Il to V are generated by

activity in several relays.

Techni al aspects of ABR

Basi cal |y the equi pment consists of one part which records
the responses (electrodes, anplifiers, filters, averager, dis-
pl ay and pernmanent recording device) and a separate part which

provi des the necessary sounds to evoke the response (an audio-



met er which feeds the sounds to a transducer - eg. earphone

or bone conductor).

The test envi ronnent ;

The subject is best tested in a relaxed position which
wi Il mnimse any nyogenic activity. Usually the subjects
are asked to relax on a coach and the testing is perforned

i n a darkened room

The stinmulus generati on:

Stinmulus requirenents:

BER can only be satisfactorily obtained by using a very
brief stimulus with sharp onset characteristics. At present
clicks, filtered clicks and tone bursts are being used to

obtain BER

Stimulus signal:

Broad Band d i ck:

(Unfiltered Adick) This stimulus is usually generated
feeding a rectangul ar electric inpulse nost oftenwith a
duration in the range 0.1 to 0.2 ms. to the earphone. Such
an electric inpul se has a very well defined tinme course and

a broad and flat frequency spectrum
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Filtered Cick:

Afiltered click is a rectangular inpulse fed to a band-
pass filter with a certain center frequency and Bandw dth .
Thus activated the filter output wll be a series of center
frequency equal to the filter center frequency, wth very

brief - rise and an exponentially decayi ng anplitude.
Tone Pips:

It is generated by feeding one period of a sinusoid of
a certain frequency into a band pass filter centered at the

same frequency. (Davis and Hrsh 1979).

Constantly 2 periods during rise/

decay and 1 period duration.

(  =Logon approxinmation)

Tone burst:

The termtone burst inplies a brief tone pulse with con-
trolled envelope i.e. rise time, plateau or duration and fal
time. The longer these tines are, the nore narrowis the

f requency spectrum of t he si gnal

Logon Sti nul us: -

Pure tone nodul ated wi th a gaussi an
di stribution/curve.
Di sadvantage: Starting point is not

defi ned.
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Denni s Gabor (1947) showed that the sinplest acoustic
signal (nmathematically) with the nost efficient conpromse
bet ween epoch ("point in tinme") and defenite frequency, is

what he calls a "l ogon".

Alogon is a pure tone that is anplitude nodul ated in
tinme by a Quassian probability function. The standard devi a-

tion of this envelop may be large or small.

The sinplest nethod to produce this is to excite or
"ring" a passive electrical narrow band filter with a rect-
angul ar pul se of appropriate duration. The high pass and
| ow pass cut off frequencies are set to allow only a narrow
pass-band, and the duration of the pulse is about a cycle

of the centre frequency of the pass band.

Sti mul us transducer:

Care has to be taken to shield the transducer with
mu- net al whi ch reduces the nmagnetic field and ear phone types
wi th highelectricinpedance hel ptoover cane artefacts. (as
ci tedi nLundbor g These may be pi ezoel ectri c ear phones ( Hughes &
Fi no1980) or el ectrostatic earphones (Tal kinet al 1980). If a
| oudspeaker is used (Thornton 1975a) an anechoi c test chanber i

essenti al .



Stimulus presentation through Bone conduction is a
possibilityinABR Maul dinandJerger citedinFrier

(1979). Maski ngof thenontest ear i shecessary.

Stimulus Repetition rate:

It is permssible to use a stinmulus repetition rate
of 50/sec. The problemof using stimulus rates in excess
of 50/sec. is that nyogeni c responses such as post aura
response becone superinposed on the recordings nmaking inter-

pretation hazardous.

Wen ABR is to be enpl oyed as a neuro-otol ogical tool,
where in it is necessary to obtain all the peaks, a rate of
10/sec. is advised. Inclinical practice repetition rates

in the range of 10-20 /sec are nost comonly used.

Stinmulus polarity:

In practical use, stimulus is very often presented with
alternating so that any stinmulus artefact, that nmay be
pi cked up by the recording el ectrodes is effectively cancelle
out in the averagi ng of responses to an/equal nunber of +Ve ar

-Ve going stinuli.

Stimulus Level :

It can be expressed in (1)dBHL (2) dBSL (3) dB Pe SPL.
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Stinmulus calibration

Most wor kers use a physiological calibration for the
transient stimuli and once this calibration is made, a physica
nmeans of maintaining the accuracy on a day to day basis is

followed. Calibration in 5dB steps is adequate.

Maski ng Random Noi se:

The apparatus nust include provision for the application
of masking noise to the non-test ear if nonoaural information

I S sought .

For clicks, w de band nmasking is necessary, for tone
bursts or pips narrow band masking is required. Hgh and | ow
pass masking can al so be used to increase the frequency sel ec-
tivity of BSER

The recordi ng equi prent :

Recordi ng or pick up el ectrodes nost commonly used are

the disc type attached to the surface of the intact scalp.

It iscritical that the surface of the scalp be carefully

that the surface of the scalp be carefully) cl eaned chemcal ly
In the areas where electrodes are to be attached. H ectrode
paste is used to serve as an electrolyte to conduct the poten-
tials between the scalp and the electrode. Usually the active

el ectrode or pick up electrode is placed on the vertex. The
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reference electrode is placed on a relatively inactive area
usually on the mastoid. The voltage or the potential changes
bet ween these el ectrodes provide the input for the anplifier
and are the first stage inthe input. Athird electrode is
used to ground the subject to reduce the effect of the body
as an antenna. The el ectrode inpedance should ideally be

2. 5K or | ess.

El ectrode Polarity:

ABR is a bipolar recording and the el ectrodes are defined
as plus and m nus electrodes. This defenition is based on how
they are connected to the anplifier. International Electric
Response Audi onetry recommends positi vityonthe scalptobedis-

pl ayed upwar ds.

Amplifiers:

The characteristics of the anplifier input stage are of
vital inportance with regard to noi se generation, signal dis-

tortion, and sensitivity to external electrical artefacts.

Preanplifier specifications:

1. H gh gain, not |ess than 100dB
2. H gh common node rejection not [ess than 100 dB.

3. High input inpedance not |ess than 200 Mohns.
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Filter settings:

The high pass filter is commonly set at 100- 500Hz, which
hel ps excl ude | ow frequenci es whi ch may contain artefacts for
eg. 50 Hz mains interference. D gital filtering nmay be per-
fornmed by the conputer before or after the averagi ng of res-

ponses (Doyle & Hyde 1981).

Anal og to digital conversion:

The anplified bioelectric signal is a continuously vary-
ing voltage an anal og signal. The signal analysis to follow
I s based on digital technique and consequently, analog A/D
conversion has to be performed. This conversion of continuous

data into discrete nunbers is done in 2 steps.

Sanpl ing of the analong signal with a certain sanpling

frequency, which has to be chosen with regard to the bandw dth
of the anal og signal.

The Il step of the A/D conversion is the quantisation
where the observed value of a sanple is converted to a nuneric

val ue.
The Averager:

Averaging is the type of signal analysis nost commonly

used to inprove the SNratio sufficiently to allow a response
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to be identified. It sumates and stores the incomng results
fromthe pre-anplifier. Main nenory shoul d have sufficient
nunber of bits/addresses to avoid overflow of the and conse-
quent clipping of the response. The analysis period required
varies from20msecs. for young babies to 10 msec. for the

majority of adult work.

The Moni tor Gsci | | oscope:

The ongoing record is mainly a mxture of EEG signals
and nyogenic activity. Once experience has been gained, it
becones quite sinple to detect abnornalities and sudden
changes of this signal which may lead to artefacts contam nat-

I ng the averaged response.
Artefact refection facilities:

Automatic artefact rejection elimnates sweeps where
the anplitude exceeds a certain limt, presunably due to noise

or novenent artefacts.

Per manent recording of resul ts:

Per manent records of the averager display nmay be of 2

types:

1. Pen recording provided by the so called X-Y Plotter.

2. Photographic Prints: Photographing the response as it

I s di spl ayed on an oscil | oscope.



Nor mal Response Par anet er s:

The appropriate use of the ABRin the clinic involves
the recognition of abnormal results which inturn depends
on a knowl edge of nornmal ABR characteristics. The clinician
nust al so be aware of the variability of nornmal characteri -
stics between and within subjects and the variability due
t o non-pat hol ogi c factors such as the nature of the stinul us,

recordi ng procedure, subjects etc.

Response Mor phol ogy;

Mor phol ogy refers to visual appearance or waveform |t

IS a subjective paraneter.

Chi appa et al (1979) described 6 variant forns in normnal

young adults. - A t A,
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A) a single peak with no separation of waves |V and V,
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B) separate IV and V waves with wave |V | ower than Wave V;

c) separate waves wth wave |V higher than V,
D) Wave V riding on wave |V,

E) Wave IV riding on wave V,

F) Separate waves of the sane height.

Rowe (1978) observed norphol ogi cal differences between
ears in approximately 20%of the 25 nornmal adult subjects
eval uated waves | through V were clearly defined in the right
ear responses, but waves Il and |V were poorly defined in
| eft ear responses.

Response Latency:

The tinme relationship between any response and the

stimulus eliciting that response is conmonly called | atency.

Absol ute | atency:

Refers to the tine relationship between stimulus onset
and associ ated response.

| nterwave | atency:

Refers to the tine difference between 2 conponent waves.

The unit of neasurement for latency is mli seconds.
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Several authors noted in the table belowreported the

mean absol ute | atency val ues for nornmal young adults.

Nornmal ABR | atencies fromten different | abs: -

dick

intensity dBSL I Il Il IV V VI
Jewett & WIIliston(1971) 70 1.5 26 35 43 51 6.5
Lev & Sohner (1972) 65 1.5 25 3.5 - 50 6.7
Picton et al (1974) 60 1.5 2.6 3.8 50 58 7.4
Starr & Achor (1975) 65 1.6 2.8 3.8 48 55 7.1
Stockard & Rossiter(1977) 60 1.9 3.0 41 52 59 7.6
Rosen harer et al (1978) 60 1.7 29 39 52 59 7.6
Rowe( | 978) 60 1.9 29 38 51 58 7.4
Stockard et al (1978) 60 1.8 29 3.9 52 58 -
Chi appa et al (1979) 60 1.7 2.8 3.9 5.157 7.3
Ber ghol t z(1981) 65 1.8 29 40 52 59

Starr and Achor, 1975? Rosenhaner et al 1978; Rowe
1978; Stockard et al 1978a; Chiappa et al 1979 observed
approximately the sane standard deviation for all ABR com
ponent waves whi ch was around 0.3 msec or |less. Contrary
tothis Lev and Sohnmer (1972), Amadeo and Shagess, 1973;
observed greater standard deviations for waves beyond |11
and this may be attributed to the IV-V conpl ex being |abelled

as one wave.
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The variation between studies for at given ABR latency
may be due to several reasons:
(1) Number of subjects evaluated
(2) Stimulus used
(3) Stimulus intensity
(4) Filter settings

(5) Various choices of stimulus and response reference points.

Response amplitude:

Response amplitude refers to the height of a given wave
component, and it is usually measured in microvolts.( uv) -
from the peak of the wave to the following trough (if the
vertex +Ve waves are displayed as upward deflections). This

measurement is called absolute amplitude.

Relative amplitude:

Here the absolute amplitude of ABR component waves are

expressed in relation to one another.
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Relative amplitude is the ratio of the absolute amplitudes

for 2 ABR waves.

Inthis fig. Relative anplitude = B
A

Absol ute amplitude measures show wide variation between
and within subjects. Amadeo and Shagass, 1973; Starr and
Achor 1975. Relative measures are more consistent and are
better indices for comparing amplitude phenomena between
subjects and within the same subject on different occasions
(Starr and Achor 1975, Stockard et al 1978h).

Factors affecting Normal Parameters:

The nature of the stimulus, recording procedure and
subjects evaluated all have associated effects on the res-

ponse.

Stimulus Effects:

Pertinent stimulus characteristics include intensity,
repetition rate, polarity, envelope (rise fall time and dura-
tion) and presentation mode (Monaaural vs Binaural) certain
characteristics have an isolated effect on the response but
there is evidence (Stockard et al 1979) that stimulus factors

can exert an interactive influence.

Intensity:

A decrease in stimulus intensity is associated with an

increase in component wave |atencies (Jewett and Wlliston, 1971
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Jewett et al 1970; Hecox and Gl anbos, 1974; Picton et al
1977; Starr and Achor, 1975: Yanada et al 1975; Rosenhaner
1977) .

Rowe (1978) and Stockard et al (1978b) observed m ni nma
change in interwave |atency when stinulus intensity was

decr eased.

Stockard et al (1979) reported that wave | |atency
I ncreased nore than waves |1l and V when stinulus intensity
was decreased. The general reduction in ABR anplitude with

decreasing stimulus intensity has been recogni sed.

Wth increasing stimulus intensity the anplitude of
the first wave increases. The anplitude of the |ater waves
fromthe Brainstemnuclei increases little with increasing
stimulus intensity and at high intensities (above 70 dB | SO

the anplitude occasionally is decreased (Picton et al 1970).

The waves of ABR both in aninmals and man, typically be-
cone nore distinct at higher sound | evels and exhibit shorter
delay. This correlates to the effect of increase of |eve
on fixing in brainstemauditory neurons: Latency decreases,
di scharge becones nore secure and the first action potenti al

occurs nore precisely tined.
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Click Polarity:

Changing Aick polarity fromrarefaction to condensa-
tion has been reported to have an influence on the norpho-

| ogy of the |IV-V conpl ex.

D fferences exist on the reported effect of stimlus
polarity on ABR paraneters sone authors have reported
essentially no difference between nmean val ues for rarefaction
versus condensation clicks (Rosenhaner et al 1978;

Teskil dson et al 1973; Coats and Martin 1977; and few

ot hers have found significant individual variation within
groups H berling and Salonon 1971; Qnitz and Wl ter 1975;
Peters and Worthington 1975; Stockard et al 1978b, 1979).

Stockard et al (1978b) discourage the use of alternat-
i ng clicks because they produce a blurring and distortion
of the response peaks and unpredictable effects in the
presence of cochl ear di sease. But then the use of alternat-
ing clicks is sonetinmes advocated to elimnate el ectronagnetic

stinmulus artefact.

Frequency conpositions

The frequency conposition of the acoustic signal

produced by a click delivered to an earphone is determ ned



30

by the resonant characteristics of the earphone, further on
that of the ear canal, the mddle ear and the inner ear
(Davis 1976).

Terkildson et al (1979) denonstrated by digital filte-
ration and power spectra analysis that main energies of diffe-
rent conponents of human brainstem auditory evoked potentials
are concentrated in the follow ng frequency bands: 400-1000Hz
for wave | and Il; 100-900 Hz for wave IIl and 100-500Hz for

waves | V-V

Responses to tone pips and bursts of various frequencies
have been studied by a nunber of investigators(Brama and
Sohner 1977, Coats et al 1979; Davis 1976; Davis and Hrsh 1976,
1979; Klein and Teas 1978; Kodera et al 1977; Mtchell and
Cems 1977, Picton et al 1979? Seitz et al 1979; Stillnman et al
1976; Suzuki et al 1977; Terkildson et al 1975; \Water and
Fal som1977;) ascitedinFrial980). Theseinvestigatorshaveobservedt|
| atency, in response to a given stinulus intensity, is inversely
related to the frequency of the stinulus. The wave V |atency
i nresponse to | ow frequency tone pips or bursts is |onger than
that associated with unfiltered clicks. Brama and Sohner 1977
speculate this as due to the fact that |ower - frequency stimul
excite nore apical regions of the cochlea with a corresponding

| onger travel l'ing wave del ay.
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Response norphol ogy and anplitude are also influenced
by stimulus envel ope characteristics. Responses to |ow
frequency tone pips or bursts are significantly smaller and

| ess clearly defined than responses to unfiltered clicks.

Hecox et al (1976) concluded that the ABR was an onset

response i.e. its properties |largely dependant on stimulus
onset characteristics.

Lane Kupperman and Col dstein found that none of the
ri se-decay and duration conbinations(rise tinmes of 5,10
and 25m sec. and durations of 20 &40m sec). affected | atency
of the early conponents of the evoked response.

Cobbs (1978) presented tonal pips at 250, 500, 1000,

2000, 4000 and 8000Hz at 40 dBSL and no frequency effect

was apparent.
Interstimulus Interval (1SI):

Rosenhaner (1978) found that changing the Interstinulus
interval (1SI) made no difference to I, |1l and V | atencies
or wave V anplitude suprenacy.

Hyde et al 1976; Hewett and WIliston 1971; Picton et al
1974; Skinner and d attke, 1977; Terkildson et al 1973;)
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Thor nt onand Col eman1975; Zol | ner et al 1976: ascitedin
Rosenhane have shownt hat areducti onof thel Sl resultsina

decreaseintheanplitudesof thewavesprecedi ngwaveV.
Mode of presentation:

I'n neurologically normal subjects with the same hearing
in both ears, binaural stinmulation usually results in ares-
ponse of increased anplitude (Blegvad 1975; Jewett and

W lliston 1971; Starr and Achor 1975; Stockard et al 1978Db).

Procedure Effects:

Recordi ng techni que:

Variations in this can influence the parameters of
obt ai ned ABRs. A nunber of investigators(jewett and WIIliston
1971; Martin and Moore 1977; Picton et al 1974; Plantz et al
1974; Stockard et al 1978b; Terkildson and Osterhammel 1981;)
have denonstrated that electrode |ocations around the ear
shoul d be considered active for stimulus related neurogenic

activity

Filters are commonly used to elimnate |ow and high fre-
quency information for noise reduction prior to conputer

averagi ng.

The selection of band pass filter cut-off points has a
noticeable influence on ABR parameters, (jewett and WIIliston

1971; Sohmer and Fei nmesser 1970? 1973? Starr and Achor 1975;
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St ockard and Rossitor 1977; Stockard et al 1978b)

Davis (1976) and Suzuki and Horiuchi (1979) reported
that filter slope for eg. 6 or 12 dB/octave versus 24dB/ oct ave

can i nfluence obtai ned ABRs.

Procedural differences between studi es can have con-
siderabl e influence on the reported nornmal val ues for ABR

| at ency and anplitude.

Several authors have reported variations of the ABR
whet her recorded fromthe ipsilateral earlobe or the contra-
| ateral mastoid process (Stockard et al 1978b; Terkil dson
et al 1973; Thornton 1975). Using contral ateral recordings
wave | and |1l decrease in anplitude and are usually absent

wave Il is often | arge.

The difference in stimulus transducer can/account for

varied reports of normal ABR paraneters.

Subj ect Effects:

Normal ABR paraneters in awake and asl eep human subjects
have been conpared in/several investigations (Aradeo and
Shagass, 1973; off et al 1977; Sanders et al 1979; Sohmer
et al 1978; Stockard et al 1978a). Anmadeo and Shagass (1973)



34

found that natural sleep had no significant effect on ABR

anplitude or |atency.

Stockard et al 1978b found prol onged interwave | atencies

I n some humans recovering fromenfl urance anaest hesi a.

The ABRs do not appear to be affected by sedatives or

even by general anaesthetic agents and rel axants Bryant (1976).

The di fference between ABR properties for nmale and fenal e
subj ects has been investigated by several authors. (Beagley
and Shel drake 1978; Thonsen, Terkildson and Rosterhamrel 1978;
Stockard et al 1978b, 1979; Mcdelland and MO ea 1979,
Rosenhaner et al 1980; Jerger and Hall 1980).

Thonsen Ter kil dson and Ost er hammel (1 978) f ound t hat wonen
exhibited significantly |lower |atency values of Js than nen
approximately 0.25 m sec. Rosenhaner et al 1980 found signi-
ficant differences anong the young subjects but not anong the
ol d ones, the differences in young subjects being of the order
of 0.15 msec.(wave |), 0.25 msec.(wave IIl) and 0.30 m sec.
Wave V. UWsing the sane kind of slinulation Beagley and
Shel drake (1978) report highly significant differences in favour
of fenal es having shorter wave V |atencies than nal es by
0.2 - 0.4 msec. In Thonsen's study (1978) the difference was

inthe order of 0.25 m sec.
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Jerger (1980) found that in both normal (98) and Heari ng
i npai red (221); Feral e subjects showed consistently shorter
| atency and | arger anplitude at all age |evels. Wave V
| at ency was about 0.2 ms. shorter and wave V anplitude was

about 25% |l arger in femal e subjects.

To sumup there seens to be on agreenent that fenales
atl east under the age of 50 exhibit significantly shorter peak
| at enci es than nmen and that these |atency differences between
mal es and femal es are found to be non-significant above the
age of 50. As to sex differences, dissimlarities concerning
the spatial dimentions of the wave generating systemand the
vol une conductor enbedding it should prove to be of greater

i mportance than basic el ectrophysiol ogical diversities.

Stockard et al (1978b) suggested that separate norns for
mal e and fenal e subjects should be generated in order to avoid
di agnostic errors, that inreality could be attributed to sex
differences. There are no apparent sex differences in peak

| atencies or IPLs ininfants (Rowe 1981).
| nfl uence of Age: -

Rowe (1978), Thonsen et al (1978), Rosenhamer et al (1980)
found | atency differences between old and young subjects. The
ol der subjects exhibiting | onger |atencies. Thonsen et al

(1978)reported that wave V |l atency increase to be 0.1 m sec/ decad
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A decrease in absolute |atency with increased age has been
observed through the second year of |ife (Hecox and Gal anbos
1974; Sal any and McKen 1976; Salany et al 1975). Paludetti et

al 1981).

(Paludetti et al 1981) Noincrease in latency as a function

of age reported by Beagl ey and Shel drake (1978).

Wave replicability seemto deteriorate wi th age Rosenhaner
et al, 1980:

The maturation of peripheral and central auditory
structures could account for the age related | atency changes
(Jewett and Romano 1972; Starr et al 1977; Schul man- Gal anbos
and Gal anbos 1975).

The differential effect on early versus | ater waves
i nplies that peripheral nmaturation precedes central matura-
tion (Salany and McKeanl 976; Starr et al 1977).

St udi es of newborn and infant responses have al so reveal ed
age rel ated changes i n norphol ogy and anplitude (Liebernann
et al, 1973; Sal any et al 1978) .

Starr et al (1977) reported that wave V anplitude increased

wth maturation.
Test-Rest reliability:

Rosenhaner et al (1 975b, 1978)tested subjects on 2 different

occasions and found statistically significant test-retest relia-
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bility. However the standard deviations of the anplitudes
were much |arger than those of the |atency values. This may

be due to the variance of the background noi se Thonton(1975b).

Di agnostic errors can be mnimsed by know ng the effect

that technical and subject related factors can have on norm
reponse paraneters.

Cinical Application:

The understandi ng of how pat hol ogi ¢ conditions affecting
the auditory systemcan influence normal ABR paraneters is

needed. These 2 conditions include:

(1) Inpairments of hearing (Audiologic)
(2) Disorders of neural function(Neurologic)
Audi ol ogi ¢ application:
This involves the estimation of hearing in pediatric
patients as well as adults who cannot be tested behaviourally

due to several reasons.

ABR serves to nonitor responsivity of neuronal elenents

in the peripheral and brainstemauditory tract.

Limtations:

(1) Achild who cannot integrate sound at cortical |evel nay

yield normal ABR
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(2) Afailure to elicit ABR does not always indicate hearing
| oss, since synchronous firing of neurons required for
the response i s not necessary for a behavioural response

to pure tone signals.
Type of Heari ng Loss:

Gal anbos and Hecox 1977, 1978; Picton et al 1977; Picton
1978; Yanada et al 1975; have suggested that the distinction
bet ween conducti ve and sensorineural inpairnment can be nade on

the basis of ABRlatency - intensity functions.

Several investigations have denonstrated that nornal
subjects yield ABRs to stimulus intensities that closely
approxi mate their subjective threshold for the stinmulus. This
has been reported for click stimuli (Hecox and Gal anbos, 1974;
Picton et al 1977; Phatt and Sohner 1978; Starr and Achor
1975; Yamada et al 1975) and for tone pips and bursts (Davis
1976; Davis and H rsh, 1976, 1979; Mtchell and O em s, 1977,
Picton and Smth, 1978; Picton et al 1979; Seitz et al 1979;
Weber and Fol som 1977).ascitedinFria 1980.

Tone pips or burst stimuli appear to have inproved
frequency specificity in normal subjects, and related ABR
thresholds are within 10 to 15 dB of audionetric threshol ds
at a given frequency (Coats et al 1979; Davis and H rsh, 1976;
Kodera et al 1977; Mtchell and Ddems 1977; Seitz et al
1979; Suzuki et al 1977; Terkildson et al 1975);
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Audi ol ogi ¢ application of the ABR nust include an assess-
ment of neurologic status in the context of interwave |atency
and relative anplitude neasurements, because the presence of
neurol ogi ¢ disorders can reduce the accuracy of audiol ogic

predictions. The converse is also true.

Neur ol ogi ¢ applicati ons:

ABR can provide information of value fromboth an audio-
| ogi ¢ and neurol ogi ¢ stand point. The neurologic status
of the patient can influence ABR estimtes of hearing inpair-

ment and Vi ce-ver sa.

The Effect of Hearing Loss:

The Effect of neurologic dysfunction on atleast 3 ABR

| atency neasures has been reported.

(1) Absolute wave V |atency.

(2) Interaural wave V latency difference (ILD)

(3) Interwave latency between waves | and [III.
Il and V, and/or | & V.

These nmeasures can vary with the patient's audiogram |In
normal hearing subjects the |-V interwave |atency decreases
with stimulus intensity (Coats 1979; Stockard et al 1979).
Conductive hearing loss can directly influence absolute wave V

latency and indirectly influence interwave |atency values. In
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the presence of unilateral sensorineural hearing |oss the
ILDwi || increase with the degree of loss (Selters and

Brackman 1979; Yamada et al 1979).

Enphasis on the ILD is a common nethod in studies of
the effects of cerebellopontine angle lesions (Aems and
McGee 1979; dems and Mtchell 1977; House and Brackman 1979;
Selters and Brackman 1979; Thomsen et al 1978).

Interwave |atencies are the primary response criteria
in studies of patients with lesions affecting the entire
auditory pathway (Black et al 1979; Cchs et al 1979; Starr
1976, 1977, Starr and Achor 1975; Starr and Ham|ton 1976;
Stockard and Rossiter 1977; Stockard et al 1976; 1977, Uzil
and Benezech 1978; El berling and Sal oman 19797?)found t hat
56 (96% had |-V interwave |atencies that exceeded 4.3 m sec.
Large cerebel |l opontine angle tunmours have been associated with
an increase inthe Il1-V interwave latency in the ear opposite
the tumour and with ABRs that have all waves subsequent to
wave |, either poorly defined or absent(Selters and Bracknman
1979; Starr and Achor 1975). Lesions involving the 8th nerve
Brai nstem and M dbrain can alter normal ABR paraneters signi-

ficantly.

The ILD is unacceptable as a Primary Oriterion Measure for

atl east 3 reasons

(1) The ILDis non-contributory in cases with bilateral |esions,
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(2) The ILDis nore likely to lead to anbiguities and

(3) Criteria based on ILD assume that a series connection
I's the only |inkage between neural generators of the
ABR are connected in parallel as well as in series.
In other words, the latency of wave V and (1-V inter-
wave | atency) can be normal despite a prolonged I-111

I nterwave | atency.

The detection of ABR abnormalities conpatible with
neurol ogic | esions can be based on the following criterion

response neasures.

(1) I-111, 111-V and |-V interwave |atency .
(2) The difference between ears for these interwave |aten-
cies (cf. Stockard et al 1978b) and

(3) The relative anplitude ratio of waves V and |.

Al t hough absence and/or poor definition of waves beyond
a given wave is nota quantifiable measure, this feature shoul d

al so be not ed.

Selters and Brackman (1977) observed that in acoustic
t umour cases the wave V was outside the normal range, and
one particular case they tested had a normal Ts. So they
questioned thensel ves whether this neant the tunour had no

effect on latency or was there perhaps a delay that was too
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smal|l to exceed the nornal range. Hence they specul at ed,

that if it could be show that normally a person had equa
|atencies in his 2 ears, then a unilateral increase in |atency
woul d appear as a difference in the latencies for the 2 ears.
Interaural Ts differences were reviewed for a group of 20
normal listeners and found it to be 0.1 msec. for 18 subjects
and 0.2msec. for 2 subjects. Wien this new nmeasure was
applied to that particular tunmour patient, the ILDwas 0.4msec
and thus they concluded that |latencies tend to be equal bil a-

terally in normal hearing subjects.

Thonsen et al (1978)confirned that the main indicator of
retrocochl ear vs cochlear disease is the ILD of the Jewetts.
They stated that ABR TTs val ue exceeded 0.3 msec. in Acoustic

Neur oma cases unil ateral Acoustic Neuronma cases.

The interpretation of very common exam nati ons may be
difficult. M nor pathological abnormalities around the
internal auditory neatus will often be mssed if the tonograns
are not of perfect, quality and in particular if the exam ner
I's not highly experienced (Fisch and Jenkins 1980). There are
many pitfalls in ABLB testing (S mmons & D xon 1960). The
outcone of caloric vestibular testing may be anbi guous if we
are not concerned with nassive abnornalities. Thus the

reliability of test results becones a very critical factor and
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here the ABR-ITs rates high in the diagnosis of acoustic
neurona cases Wth proper techniques it is usually easy
to evaluate and is very safe as a screening procedure

(Terkil dson 1980).

In his study, a few patients w th neniere di sease who
had hearing | oss exceedi ng 60dBH. at 2KHz produced an | Ts
that exceeded 0.3 msec. for normality but in other indi-
vidual s such severe |osses were still conpatible with com

pletely normal |Ts val ues.

Rosenhaner et al (1980)established the ILDs in nornal
hearing subjects NN=20and in patients with symretric Cochl ear

| oss (N=22) as not exceeding 0.2 m sec.

They found that in patients with a symretric cochl ear
| oss on one hand that the ILDs at 90dBHL cal cul ated after
correction according to Brackman and Selters (1979) exceeded
0.2 msec. in 4 cases (i.e afalse +Ve rate of 9% but on
the other hand the ILDs were never +Ve. i.e the |atency was
never longer on stimulation of the poorer ear at click SL
corresponding to 90dBHL i n the poor ear.

Selters and Brackman(l977) reported of equal |atencies
in both the ears in the nontunour group despite having unil a-

teral sensorineural | osses. The fewincreased | at enci es whi ch
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were observed were attributed to the severe high frequency
hearing | oss. Hence Selters and Brackman introduced a correc-
tion factor for the wave V latency of 0.1lmsec. for each

10 dB hearing | oss at 4 KHz above 50dBHL in cochl ear hearing
| 0ss cases.

Mair et al (1980) reported the maxi mumJewett V inter-
aural latency difference (ILD) as 0.35ms. recorded from 15
normal |y hearing young adults. The nean val ues ranged from
0.12 ns at 0.5 KHz to 0.07 ms at 4 KHz.

They also noted that ILDs greater than 1 ms irrespec-
tive of frequency occured either in association with cerebello-
pontive angle tumours or nultiple sclerosis. |1LDs shorter than
the sliding scale from0.6 ns at 0.5 KHz to 0.4 ns at 4 KHz
were not associated with any evidence of retrocochl ear pathol ogy

The Interaural difference greater than 0.3 msec. (0.4 mse
when the hearing | oss was greater than 65 dBHL) was consi dered
a +Ve test result for tunour detection. (Qems and MGee, 1979).

(Oems and McCGee 1979) opine that ILDis a nore sensitive
measure than absolute |atency. They/report of 2 patients with
uni | ateral vestibular schwannomas who had normal absol ute

| at enci es but abnor nal | LDs.
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The correlation of tumour size and the |ILD was found

to be proportional by Selters and Brackman 1977; Cems
and McGee 1979.

Avery small unilateral conductive hearing |oss may push
the ILD into the abnormal range. \When anabnormal ILD is
used in tumour screening a conductive conponent nust be
carefully ruled out or seriously taken into consideration

intest interpretation(Cems and MCee 1979).

The true-positive and false positive ratas of the ILD
measure conpared with those of other special tests, as reported
by Clems and Curtis (1977) is 93% However, its false +Ve
rate is worse than for some of the other tests (30%.

Rosenhal | et al (1980) reported of prolonged wave V
latency in 3 patients with multiple sclerosis and anplitude
of this wave decreased in one ear, while the other ear had
normal responses.

I LD cannot be used in the diagnosis of bilatera

tunmours or when the pure tone thresholds in either ear
exceed 80 dBHL.
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Maski ng prevents transcranial stinulation of the contra-
| ateral ear which m ght confuse response interpretation, this
is particularly inportant in testing of infants or of patients
wi th masked asymmetry of hearing (Stockard et al 1980;

Chi appa et al 1979).

Frommany studies it is evident that using contral atera
maski ng over a range of zero to 80dB, the ipsilateral brainstem

responses are not significantly altered. This is useful in
an audi ol ogical clinical context. Thornton (1978) cited in Nountc
and Fernandez (1978).

Evaluation of ABR findings in patients with cochl ear,
retrocochl ear or brainstem | esions requires know edge of norna

ABR characteristics.
Response anpl i t ude:

Starr and Achor (1975) found that the ratio of V/I
anplitude always exceeded 1.0 and stockard et al (1978b)
and Rosenharner et al (1978) found a nean V/I ratio or 2.53
in response to click stinulation in normal ears.

Several authors have reported approxi mately the sane
standard devi ation 0.3nms for all ABR conponent |atency
values (Starr and Achor, 1975; Rosenhamer et al 1978; Rate
1978; Stockard et al 1978).



47

Normal interwave | atencies reported by several authors
denonstrated that |-V interval approximates 4.0 msc and that

the I-11l interwave latency is roughly half of this tine.

The variation in |latencies and anplitudes between
studi es enphasi ses that normati ve val ues are not conparabl e
across laboratories using different equi pnents. Thus the

normfor the equi pnent used in the particular clinic should be

est abl i shed.
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MVETHODOL OGY

The present study ained at determning the inter-
aural anplitude and latency difference in Brainstem

Evoked Response in normal hearing subjects.

Subj ects: Ten subjects (5 nales and 5 fenales) in the

age range of 17 to 235-years. (The nean age of the subjects
was 20 yrs). The subjects were either undergraduate or post-
graduate students of the Al India Institute of Speech and

Hearing. Al the subjects were volunteers for the test.

The criteria for the selection of subjects were as foll ows: -

1. He/ She shoul d have a negative history of ear diseases
and head i njury.
2. He/ She shoul d have A r-Conduction or Bone- Conducti on

threshol ds | ess than or equal to 20 dB at frequencies
250- 8000Hz (ANSI 1969) in both ears.

3. He/ She shoul d have normal tynpanograns (Atype) in

bot h ears.

4. He/ She shoul d have normal reflex threshol ds( 90dBHL

at 500, 1K and 2KHz) .
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Instrunentation: - Subjects were tested using TA-1000. A

stimulus generator was used to generate the 2 |ogan signals
2KHz and 4 KHz (see appendi x-]f or the spectramj. The stinulus
was anplified, attenuated and delivered to standard audi o-
netric earphones TDH 39. housed in ear cushions MX41/ AR
The stimulus function switch controlled the frequency and
the stimulus repetition rate. Polarity of the |ogon stimulus
was alternated. The TA-1000 stimulus logon is characterised
by 3 peaks in a 50%- ve, 100%+ ve, 50%- ve sequence
foll owed by a 50%positive, 100%- ve, 50%+ ve sequence
reversing on each successive stinulus. (Appendix 2 for system
tam ng di agranj.

The ABR recordi ng apparatus consisted of an array of
standard silver chloride el ectrodes. The skin surface was
cleaned with spirit and a little of the el ectrode gel
(B ectrogen) was sneared on that/Spot. Then the el ectrode
with the electrode gel was applied to the skin pressing the
adhesive pad into firmcontact all around.

El ectrode pl acenent was as foll ows: -

Signal, to high forehead.
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White: - Reference, nastoid of test ear.

Bl ack: - Quard, nastoid of non-test ear.

Wien the test ear was changed later in the test proce-
dure, the white and bl ack cords were interchanged at the
pati ent el ectrode cabl ereceptacle. The difference voltage
vertex to mastoid was led to an preanplifier SLZ 9794 havi ng
30 - 1500 Hz pass band with vol tage gain of 1000X, +80dB.
The output of the preanplifier was delivered to a signal
condi tioner whi ch processed and eval uated the output of the
preanplifier before passing this electrical information on
to the processor. Wich is based on a 16 bit nmenory. From
this it is read out, converted to a voltage anplitude and

di spl ayed on the oscill oscope and |ater on the plotter.

The subject's ongoi ng H ectroencephal ography was con-
tinuously nonitored on the oscill oscope.
Day-to-day routine confirnation test was done before

starting data coll ection.
For each ABR, recording responses to 2048 signals
were averaged.
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Test environnent:- Al the neasurenents were nade in a

sound treated single roomsituation which was dimy lit.
(The audi onetric thresholds were established in 2-room

situation).

Test procedure:- First of all the AC and BC t hreshol ds of

both ears were obtai ned usi ng nodi fi ed Hughson and Vést| ake
procedure (Carhart and Jerger 1959) using Beltone 200-C
audi oneter caliberated to ANSI 1969. Followi ng this, the

| npedance audi onetry was done to rule out mddle ear

pat hol ogy. (Madsen ZO 73 was used). Later on BSER was
obt ai ned. (See appendi x 3,for photograph of TA-1000).

Subj ects were explained the nature of the test. They

were made to lie down confortably on 'U foambed with

pillow to reduce neck nuscle tension and thereby artefacts
and the subject was asked to either close his/her eyes or
sleep. Wth the electrodes fixed in proper position, the
TWH/ RUN EEGwas set to run, the scale switch to 2048/ .2W

and the stinmulus switch was set to 10ns and the desired

stinmulus frequency (either 2 KHz or 4 KHz). The stinulus
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attenuator was set to the desired stinmulus |evel either
(80dBH. or | 00dBHL). By neans of push buttons the ear to

be tested through A r-Conduction either right or left was
selected. Sufficient tinme was all oned before starting the
"test run' in order to acclinate the patient to the stimulus.
The test was not started until the [imt light both in the

preanplifier and beside the sanple counter di sappeared.

For each subject the ABR for the follow ng frequencies

and intensities were recorded:

1. 2 KHz 100 dBHTL ( right)
2. 2 KHz 100 dBHTL ( left )
3. 2 KHz 80 dBHTL ( right )
4, 2 KHz 80 dBHTL ( left )

5. 4 KHz 100 dBHTL ( right )
6. 4 KHz 100 dBHTL ( left )
7. 4 KHz 80 dBHTL ( right )

8. 4 KHz 80 dBHTL ( left )

Subj ects were tested in a single session lasting for about
2 - 2% hours. For a few of the subjects the test data were

collected on 2 different occasions.
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The test data was rejected:

1. Wien the counter stopped before reaching 2048 sanples.
2. Wien the limt light both in the preanplifier and
beai de the counter flickered too often during the

testing.

Treatnment of the data : Latency determnation:- The cali be-

rated | atency cursor appears on the oscilloscope trace as
afunction of latency control. The latency is read in

0.1 msec. increnents, fromthe displayed digital val ue.
Latency neasured in this manner is the tine the instant the
acoustic logon arrives at the tynpanic nmenbrane until the

vertex electrical response is sensed.

Anplitude neasurenent: To determne the magnitude of the

patients BSER, in mcrovolts, the marker anplitude 'M(in
1/2/3/4 divisions), and the anplitude of the desired trace
feature "1" was noted, then the scale switch anplitude 'S

-2 W/ div was noted. Thus BSER =TS M
=mcrovolts.
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The foll ow ng neasures were conputed: -

1. The Interaural absolute |latency difference for al

t he waves.
2. The interaural absolute anplitude difference for
waves |, |1l and V.

3. The interpeak | atency difference for bothears. I-111,

I11-V and |-V.

4. The difference between the 2 ears for interpeak

| at encY.

5. The relative anplitude for both ears. I-111, IIl-V,
I - V.

6. The difference betweenthe 2 ears for rel ati ve

anpl i t ude.

The nost inportant waves for neurological testing are
I,11l1 and V; the waves Il, IV, M and VIl showtoo nmuch of
interindividual variability to be of routine clinical use

(Rowe 1978; Chi appa et al, 1979).
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RESULTS

The aimof the study was to note the Interaural anplitude

and | atency differences in nornmal hearing subjects.

The Interaural differences for

1. Absolute latency ( for I, I, Ill, TV and V)

2. Interwave latency ( i.e I-1II, Il1l-V, and |-V)

3. Absolute anplitude ( for I, IlIl and V) and

4. Relative anplitudes ( for II1/1, VIII1I, and V/ 1)
wer e not ed.

The data collected were anal ysed so as to obtain the
nmeans and the standard deviations at 2 frequencies (2KHz and
4KHz) and at 2 intensity levels (80dBH. and | OCdBHL). The 't'
test was applied to see if the difference between the right
and the left ear was significant at .05 and .01 |evels of

si gni fi cance.

The BSER tracings of a nornal subject in response to

nonoaural stimulation is shown in Fig 'A .

Tabl e 1 shows the absolute |atency val ues for wave V
for the right and the left ear for 2 KHz and 4 KHz at 80dBHL

and | 00dBHL.
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The Interaural latency difference values (ILD for

waves | -Vis shown in Table ' 2' .

The ILD for wave V ranged-fromO to 0.3 nsec at 80dBHL for 2KHz
fromO to .2 msec at 100 dBHL for 2 KHz.
fromO to .2 msec at 80 dBHL for 4 KHz. and

fromOto .2 msec at 100 dBHL for 4 KHz.

The ILD for wave | ranged --from6 to .3msec at 80 dBHL for
2 KHz;

from 6 to 71 msec at 100 dBHL for 2 KHz;
fromO to .2 msec at 80 dBHL for 4 KHz; and

fromO to .2 msec at 100 dBHL for 4 KHz.

The ILD for wave 111 ranged—fromO to .3msec at 80 dBHL for
2 KHz;
fromO to .2msec at | CdBHL for 2 KHz;
from6 to .2msec at 80 dBHL for 4 KHz; and

fromO to .Imsec at 100 dBHL for 4 KHz.

Table '1' shows that with increase in intensity the

| at ency val ues decrease. By 't' test it was found that there
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was no significant difference for the absolute |atencies (excep
for 2 KHz 1000BHL where the difference was significant
at .05 level t.2.52) between the right and the left ear
at .05 and .01 levels of significance, 't' values are

given in table '2'.

The Interpeak |atency values (IPL) for |-V for 10
normal hearing subjects are shown in table 3. Fromtable 3

it is clear that with increase in intensity there is decrease
in |atency.

The Interaural Interpeak Latency values (IIPL) for
-V, Ill-Vand I-111 are show in table 4.
The 11 PL values for |-V ranged from—O0 to 0.3 m sec.
at 80 dBHL for 2 KHz;
O0to 0.2 msec. at 100dBHL for 2 KHz;
O0to 0.3 msec at 80 dBHL for 4 KHz;
Qto 0+2 msec at 100 dBHL for 4 KHz.
No significant difference between the right and left ear for
the | PL val ues was found (except for 4 KHz at 80 dBHL where

the difference/was significant at .05 level t=2.37180).



59

The present study has reveal ed that at 2KHz(100dBHL),
the absolute latency values of right and left ear are
significantly different. Also, Interpeak |atency val ues
at 4KHz(80dBHL) of right and left ears differ significantly.

This is an interesting observation, which needs further inve-

stigations.

The means and standard deviation of |atency nmeasures
of 1-V waves to nmonoaural stinmulation i.e for the right
and the left ear is shown in tables 5 and 6a respectively.
Here al so, it can be seen that the absolute |atency
val ues decrease with increase inintensity level. The
conmbi ned | atency values (of the right and left ear) of

| -V waves for nonoaural stimulation is shown in table 6b.

The Interpeak |atency values IPL (I-1IIl, IIl-V and

|-V) for nonoaural stimulation is shown in table 7.
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Measures of amplitude varied considerably between subjects.
However, the absolute amplitude values increased with increase

in intensity, (see Table 8).

Table '8' shows the absolute amplitude values for wave
V for the right and the left ear for 2 KHz and 4 KHz at

80dBHL and loodBHL.

The Interaural absolute amplitude difference (IAAD) for
the waves I, III and V is shown in Table 9. There was no
significant difference between the right and the left ear

at .1 and .05 levels of significance ('t' values are given

in table 9).

The IAAD for wave V ranged from—.02 to .16 1V at 80dBHL for
2 KHz.
.02 to 0.421 \ at 100dBHL at 2 KHz;
0 to .24p V at 80 dBHL at 4 KHz; and
.02 to 0.34uV at 100 dBHL at 4 KHz.
The IAAD for wave III ranged from—
.03 to 0.14uV at 80 dBHL for 2 KHz;
.02 to 0.22p V at 100 dBHL for 2 KHz;
.0 to 0.16p V at 80 dBHL for 4 KHz;

and .02 to 0.22 1 V at 100 dBHL for 4 KHz.
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The IAAD for wave I ranged from—
0O to 0.24uV at 80 dBHL for 2 KHz;
0 to 0.30p Vv at 100 dBHL for 2 KHz;
.05 to 0.16u V at 80 dBHL for 4 KHz; and

0.02 to 0.34 p VvV at 100 dBHL for 4 KHz.

The relative amplitude values for V/I in the right
and left ears of 10 normal hearing subjects are shown in

Table 10.

The Interaural relative amplitude differences for

III/I , V/IITI and V/I are shown in table 11.

The Interaural relative amplitude difference for V/I
ranged from.

0.15 to 3.77 at 80 dBHL for 2 KHz;

0.07 to 2.28 at 100 dBHL for 2 KHz;

0.01 to 2.22 at 80 dBHL for 4 KHz; and

0.04 to 1.09 at 100 dBHL for 4 KHz.

By 't' test it was found that the difference in ampli-
tude (for both the absolute wave V and relative amplitude
ratios for V/I) between the right and left ear was not

significant. 't' values are shown in the table.
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The nmeans and standard devi ati ons of anplitude of
the waves |, Il and V for nonoaural stimulation are shown
intable 12. Fromthe table it can be seen that with in-

crease in intensity level the anplitudes increase.

Al though the anplitudes of the individual conponents
vari ed anong subjects the ratio of the anplitudes of wave
Vto Wave | to nonoaural stinulation was always greater
than 1 at both 80 and 100 dRHL at both 2 KHz and 4 KHz.
However this was not true in a few subjects. 1In subject 2,
V/1 anplitude ratio was 0.52 V at 4 KHz 100 dBH.(| eft ear),
in subject 3, it was 0.82 V at 4KHz 80 dBHL in the right
ear and 0.88 V at 4 KHz 100 dBHL in the left ear. In
subject 6, the ratio was- -

0.9 Vat 2 KHz 80 dBHL in the left eary;

0.85 Vat 2 KHz 100 dBHL in the right ear;

0.89 Vat 2 KHz 100 dBHL in the |eft ear;

0.54 V at 4 KHz 80 dBHL in the right ear;

0. 56 V at 4 KHz 100 dBHL in the right ear;

and 0.63 V at 4 KHz 100 dBHL in the |eft ear;
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In subject 7, the ratiowas 0.86 V at 4 KHz 100 dBHL

inright ear, and in the subject 10, the ratio was 0.79 V

at 2 KHz 100 dBHL in |l eft ear.

0.65 Vat 4 KHz 80 dBHL in right ear.
0.64 V at 4 KHz 80 dBHL in left ear.

and 0.85 V at 4 KHz 100 dBHL in |l eft ear.

(See table 10) .

The present study shows that in sonme subjects the
(V1) relative anplitude could be less than 1 V.
Hoeever the nmean values of the V/I anplitude ratio

exceeded 1. (See table 13).
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2 KHz 4 KHz
80 dBHL 100 dBHL 80 dBHL 100 dBHL

S 0.1 .04 07 .05
' (.12) (.04) (.07) (.05)
0.1 12 1
| | (.07) (.11) . 07 (.04)
S.D (.07)
111 0.08 .07 . 06 .07
S D (.08) (. 06) (.08) (.04)
|V 0.17 .08 12
SD (-14) .09 (.12) (.12)
(.09)
Vv 0.11 01 1
S.D (.08) (.06) .13 (.06)
(.07)
't' test 0.885 2.52 1.56 1. 765
NS Si gni fi cant NS NS

at 0.1 |evel

TABLE-2: The mean Interaural absolute |atency difference
values (ILD of wave 1-V at 80 dBHL and 100 dBHL
for 2 KHz and 4 KHz (N=10) (NS=not significant).
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I nt er peak 2 KHz 4 KHz
Lat ency 80 dBHL 100 dBHL 80dBHL 100 dBHL

A2
I-111 0.08 0.16 0.09
S.D (.11) (.07) (.09) (.05)
Ir-v 0.1 .09 .11 .07
S.D (0.09) (.09) (.09) (.06)

14
|-V 0.16 .08 .13
S.D (0.13) (.09) (.08) (.06)
"t'test -5.97 1.07 2.3 . 6347
NS
at
NS Significant 0.1 NS
| evel

TABLE-4: The neans and S.Ds of Interaural, |nterpeak

|atencies of I-11I, IlIl-V and |-V at 80dBHL

and |1 00dBHL for 2 KHz and 4 KHz (N=10)
(NS=not significant)
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2KHz 4 KHz
80 dBHL 100 dBHL 80 dBHL 100 dBHL

Wave- | 1.27(. 15) .91(. 07) 0.97(. 10) .97(. 10)
Wave- 11  2.25(.20) 1. 84(. 18) 2.26(.19) 2.03(.17)
Vave-111 3.23(.15) 3(.16) 3.25(.15) 3.09(.13)
Wave-1V 4.45(.21) 4.25(.19) 4.47(.17) 4.31 (.20
Wave-V  5.05(.17) 4. 8K 15) 5.13(.13) 4.90(. 13)
TABLE-5: Showing the nean values of latencies I, |1,

11, I'Vand V along with their standard

devi ations at 80 and 100 dBHL at 2 KHz and

4 KHz (N=10).

i ndi cate standard devi ations).

ear = Right.

(Figures in the parenthesis

Sti nul at ed
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2 KHz 4 KHz

80 dBHL 100 dBHL 80 dBHL | 00dBHL
Vave | 1.19(. 11) . 87(.08) 1.21(.11) . 94(. 08)
Vave |1 2.23(.17) 1.84( . 17) 2.27(14) 2.01(. 15)
Vave 11 3.17(.15) 2.97( . 13) 3. 23(. 16) 3.04(.14)
Vave |V 4.38(.16) 4.2(. 14) 4.47(.14) 4. 31(. 17)
Wave V. 5.01(.17) 4.73( . 23) 5. 06( . 18) 4. 84( . 15)
TABLE-6a: Show ng the nean values of latencies I, I, III,

IV and V along with their S.Ds,

at 80 and | 00dBHL

for 2 KHz and 4 KHz(Stimul ated ear = Left ear).

(Figures in paranthesis indicate standard devia-

tions).
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Lat ency 2 KHz 4 KHz

80 dBHL 100 dB HL 80 dB HL 100 dBHL
| M 1.23 0.89 1.19 0.95
S D (0. 12) (0. 07) (0. 12) (0. 09)
1M 2.24 1.84 2. 265 2. 02
S.D. (.18) (0. 17) (0. 16) (0. 16)
R 3.2 2. 985 3.24 3. 665
S D (.15) (0. 14) (.15) (.13)
IV M 4. 42 4. 225 4. 47 4.31
S.D. (0. 18) (0.17) (0. 15) (0. 18)
vV M 5. 03 4.77 5. 09 4. 87
S.D. (0. 17) (0. 19) (0. 16) (0. 14)

Tabl e 6b: - Showi ng the nean and standard deviation of the

conbi ned | atency val ues (latency values of the

right and |left ear conbi ned) of waves |

10 nor mal

hearing subj ects.

toVin
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2 KHz 4 KHz

(1) 80 dBHL 100 dBHL 80 dBHL 100 dBHL
l-111  1.95(.15) 2. 07(. 14) 2.05(.17) 2.13(.12)
I11-V  1.82(.06) 1. 81(. 11) 1.88(.11) 1.81(.11)
|-V 3.78(. 18) 3.9(.14) 3.95(.17)  3.93(. 16)
(Sinulated ear = R ght)

=111 1. 95(. 19) 2.09(.12) 2.03(.13) 2.08(.13)
I11-V  1.84(. 12) 1. 76( .. 16) 1.83(.14)  1.8(.14)
-V 3.82(.23) 3. 86(. 22) 3.85(.17) 1. 8(.16)

(Stinmulated ear = Left)

TABLE-7:- Showing the Interpeak |atency neans and their

st andard devi ati ons.
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2KHz 4 KHz
80 dBHL 100 dBHL 80 dBHL 100 dBHL
.082
| . 125 .09 .10
S.D (.09) (.09) (.03) (0. 10)
1] 0. 083 0. 086 05 0. 08
SD. (.05)
(.03) (. 005) (0.07)
Y 114 . 166 09
. (.04) (.11) (. 09) (0. 09)
"t' test .86 .. 20 .11 1.33
for V NS NS NS NS

TABLE-9: The neans and SDs of Interaural absolute anplitude
differences of waves I, IIl and V at. 80 and 100 dBH.

for 2 KHz and 4 KHz (N=10) (NS=Not significant).
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hit AT ‘o
80 dBHL 100 dBHL 80 dBHL 100 dBHL
11/ 0.98 0.53 0.49 0. 33
(1.01) (. 66) (.61) (9. 29)
VI 0.83 3.49 0.50 0.56
(.88) (6. 95) (0. 43) (0. 46)
VI 1.39 0.7 0.64 0. 44
(1.5) (0. 77) (0.66) (0. 36)
t est . 73 1.70 0,21 0. 04
for V/I NS NS NS NS
TABLE 11: The nmeans and standard devi ations of the

Interaural relative anplitude difference
for 111/, VIl and /111 (N=10) at 80 dBHL
and 100 dBHL for 2 KHz and 4 KHz. (NS=not

significant).
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2 K 4 KHz

(a) 80 dBHL 100 dBHL 80 dBHL 100 dBHL

Vave- | . 226(.11) . 36( . 20) 0. 34(. 10) . 42(. 15)

Wave-111 . 30(.15) . 27( . 16) .29(.12) .39(. 19)
Wave- V .53(14) 0.63(.22) . 42(. 16) .53(. 14)

(Stinulated Ear = R ght)

(b)

Vave- | .30(.11) .36(.10) . 29(. 06) . 40( . 14)

Vave- | 11 .29(. 11) . 27(.18) . 27(.13) . 35(. 15)

Vave- V .49(.16)  .54(.15) . 41(. 14) . 47(. 14)

(Stimul ated ear = Left

TABLE-12: Showi ng the neans along with S Ds of the anpli-

tudes; of waves |, |11,

subj ect s.

V for 10 normal hearing
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2 KHz 4 KHz

80 dBHL 100 dBHL 80 dBHL 100 dBHL
11171 1.81(1. 33) . 93(. 70) . 68(. 41) . 89(. 34)
VI 2.19(1.20) 3.79(4.74) 1.66(.83) 1.85(1.25)
VI | 3.02(1.76) 2.14(1.07) 1.39(.79) 1.37(.47)

(Stiml ated <ear = Ri ght)
L1171 1. 02(.51) . 79(. 65) .924(.45)  #948(. 60)
VARN 1.79(.43)  4.61(6.73) 1.72(.611) 1.6(.91)
\/& 1. 77(.73) 1.64(.83) 1.46(.58) 1.33(.66)

(b) (Stimulated ear = Left)

TABLE-13: Means and standard devi ati ons of BSER

anplitude ratios for

subj ect s.

10 norna

heari ng
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D SQUSS| ON

Selters and Brackman (1977) reported the ILD val ues for
& group of 20 normal listeners and found it to be 0 or Ql msec.
for 18 subjects and 0.2 msec for 2 subjects. Thonsen et al
(1978) stated that ABR Interaural |atency difference for V wave
(IT- or 1LD) exceeded 0.3 msec in unilateral acoustic neurona
cases. Oems and M Gee (1979) reported an |ILD of 0.3m sec.
or greater (0.4msec or greater) when the threshold of hearing
is 65 d B or nore to be considered abnornmal. Mair et al (1980)
reported the maxi numJewett V ILD recorded from 15 normal ly
hearing young adults as 0.36 msec the nean val ues ranged from
.12msec at 0.5 KHz to 0.07 msec at 4 KHz. Rosenhaner et al
(1980 b) established the ILDs in 20 nornal hearing subjects as

not exceedi ng 0.3 m sec.

In the present study the maxi numJewett V ILD recorded
from10 normal |y hearing subjects was 0.3 msec. The nean
val ues ranged from .11 msec. at 2 KHz to 0.13 msec. at 4 KHz
at 80 dBHL. Nornal Interpeak |atency val ues have been reported
for several conbinations of ABR conponent waves (Stockard and
Rosstter 1977). There is an increasing tendency to focus on

the I-111, I11-V, and |-V Interpeak | atencies.

I-111 val ue estimates transm ssion tine through the

Pont o-medul I ary junction and | ower Pons. 111-V val ues estinate
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transmssion tine fromcaudal pons to caudal md brain |evels
The |-V latency estimates the tinme needed for inpulses to
travel the entire systemand it is also called central or
brainstemtransmssion tine. This neasure i s very val uable

for clinical purposes.

The nmean and standard devi ation of interwave |atency val ues

from several investigation

N

- - 111 Il - Vv Il -V
Chi appa et al (1979) 50 2.1(.15) 1.9(.16) 4.0(.23)
Glroy & Lynn (1978) 15 2. 05(. 15) - 3.83(.13)
Rowe (1978) 2.5 1.97(.16) 1.97(.20) 3.94(.22)
St ockard & Rossitor 125 2.1(.2) 1.9(.2) 4.0(.2
Rosen haner etal (1979) 2.26(0.15) 2.00(.20) 4.27(.22)
Ber ghol t z (1980 2.21(0.25) 1.85(.15) 4.09(. 26)
Present st udy 10 1.95(.15) 1.82(.06) 3.78(.18)

(at 80 dBHL for
R ght ear stinu-

| ati on)
For Left ear 1.95(.19) 1.84(.12) 3.82(.23)
i mul ati on)

Monoaural stimulation is unquestionably nore sensitive to

neur ol ogi cal abnormality than is binaural stinmulation (Chiappa
et al 1979; Chiappa et al 1980; Selters and Brackmann 1977;
Stockard et al 1977a; 1977b, 1978). ascitedin Rowe 1981).
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Stockard et al (1978b)advocate that the difference between
ears for the interwave latencies as one of the criteria for
t he detection of ABR abnornalities canpatible w th neurol ogic

| esi ons.

An abnormal response fromstinulating one ear may be
entirely nasked by a normal response fromthe opposite ear if
both ears are stinmulated sinultaneously. In additionit is
possi ble that the I PL val ues fromeach ear nmay be w thin nornma
limts, but the longer IPL's fromone ear can be shown to be
abnormal if they exceed normal limts for symetry.

In the present study |IIPL differences was not significant
In normal s except at 4 KHz 80 dBHL at .05 level.(t=2.3). This

has to be investigated further.

The findings for the interwave | atencies are in good
agreenment with those of Rowe (1978). However the nean scores
obtained in this study are slightly | ower when conpared to the
val ues reported by other authors. Apart fromthe different
equi pnent used, the reference points nunber of subjects tested,
the frequencies tested etc. The higher intensity |evel used
in this study nay be a potential contributor to the |ower val ues

for the Interwave |latencies reported in the present study.
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Conparing the absolute latencies obtained in this
study, (see table 6 and 7 in the Results Section) with
those of the other studies (see p. 35 in Review), the nean
scores obtained at 80 dBHL and 100 dBHL are consistently
| oner - (except the results of Jewett and WIliston 1971
who used a click intensity of 70 dBSL). As noted above
for the interwave | atencies, apart fromthe different
equi pnment used the reference points etc, the higher inten-
sity level used in this study may be a potential contributor
to the | ower values seen here. A decrease in stinulus
intensity is associated with an increase in conponent wave
| atencies (Jewett and WIliston, 1971, Jewett et al 1970;
Hecox and Gal anbos 1974; Picton et al 1977? Starr and Achor
1975; Yamada et al 1975). as cited in Fria 1980).

Anpl i tude of the brai nstemresponses are considerably
variable and the liability of many of the waves especially
Il and IV is such that a schena for naki ng neasurenents is
very contrived and highly individualistic and probably of
no great val ue (Begley and Shel drake 1978). Anplitude val ues

are not easily dealt with:

1. First they are not normal ly distributed, but skewed

t owar ds hi gher val ues. Rowe (1978).
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2. They are nuch nore sensitive to changes in noise |evel
of the recording system particularly the amunt of

nuscl e artefact present.

3. They are very sensitive to mnor changes in technique
and unl ess technique is rigorously control |l ed, they may
change on repeated testing for no apparent reason. In
view of these problens, at this time absol ute anplitudes

nust be considered poor nmarkers for abnornality.

The variation of nornal val ues for ABR wave conponent
anpl i tude has been observed to be substantial by a nunber of
i nvestigators (Aradeo and Shagass 1975; Chiappa et al 1979?
Starr and Achor 1975) Stockard et al 1978b reported the nmean
anplitude in response to high intensity clicks to be 0.15 and
0.38 V for waves | and V respectively. 1In the present
study the nean anplitude values to 80 dBHL (2 KHz)sti nmul us
for wave | and Vwere 0.22 and .53 respectively when the right
ear was stinulated and 0.30 and 0.49 when left ear was stinu-
| ated and recorded ipsilaterally (see table 8). The discre-
pancy not ed here doesnot need further explanation as the

nature of anplitude neasurenent has al ready been stated above*

Rel ati ve neasures are nore consistent and are better

i ndi ces for conparing anplitude phenonenon between subjects
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and within the sane subject on different occasions. Starr

and Achor 1975: Stockard et al 1978b. Starr and Achor (1975)
tested 50 normal subjects and found that the ratio of V:I
anpl i tude al ways exceeded 1.0 in response to click intensities
bel ow 65 dB. Chiappa et al (1979) reported of simlar ratios
for 60 dB click evoked ABR s Stockard et al (1978b) found a
mean V.| ratio of 2.53 in 100 nornmal ears. Rosenhaner 1978
reported a V:I ratio of 1.55 at 80 dBSL and 2.53 at 60 dB SL.
The results in the present study are not in conpl ete agreenent
with the previous reports (See table 10 in results section).

In few of the subjects the V/I anplitude ratio was below 1 V.

The standard deviations for the absolute anplitudes were
very high. And even in case of Interaural absolute anplitude
values, I, Ill and Vthe Interaural relative anplitude diffe-
rence the standard deviations were high and in a few i nstances
It was nore than the nean val ue. This further supports that
the anplitude neasurenents are highly variable. ( see table 9,
11 and 13 in results section). However no significant diffe-
rences was noted between the right and the left ear for both

t he absol ut e anpl i tude val ues andtherel ati ve anpl i t ude val ues.
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SUMARY AND GONCLUSI ONS

Normative data for ABR have been found to vary with
regard to the type of equipnent used hence there was an

urgent need for establishing the normal [|LD using TA-1000.
The study was focussed on the follow ng questions

1. What is the range of the Interaural latency and Inter-

aural anplitude differences in nornmal hearing subjects?

2. \What woul d be the nean val ues of Interaural |atency diffe-
rence, Interpeak |atency, Interaural Interpeak |atency,

and rel ative anplitude.
The follow ng measures were conputed for each subject:

1) The Interaural absolute |atency difference for all the

waves.

2) The Interaural absolute amplitude difference for waves
|, 11l and V.

3) The Interwave |atency difference for both ears. (I-111I
L11-V, and | -V)

4) The difference between the 2 ears for interwave |atency
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5) The relative anplitude for both ears.
(I-111, 111-V and |-V)

6) The difference between the 2 ears for relative anplitude.

Bef ore obtaining BSER, the subject's PTA and | npedance

measures were taken and | ater on the BSER was obt ai ned.

For each subject the ABR for the follow ng frequencies

and intensities was recorded.

2 KHz 100 dBHTL(Ri ght)
2 KHz 100 dBHTL(Left)
2 KHz 80 dBHTL(Ri ght)
2 KHz 80 dBHTL(Left)

4 KHz 100 dBHTL(Ri ght)
4 KHz 100 dBHTL(Left)
4 KHz 100 dBHTL(Ri ght)
4 KHz 100 dBHTL(Left)

~ N N~~~ o~~~
O N oo o1 A oW N -
—_— = T T O — ~—

A group of 10 normal hearing subjects with age ranging

from 17-23 years were tested and the results were anal yzed.

CONCLUSI ONS:

(1) The ILD Val ues ranged from 0-0.3msec. The nean |LD val ues
for wave Vwere —O0.lImsec.at 80 dBHL at 2 KHz.
O.lmsec at 100 dBHL at 2 KHz.
0.13msec at 80 dBHL at 4 KHz.
QOlMsec at 100 dBHL at 4 KHz.
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No significant difference was found for the absol ute |atency
measures between the 2 ears except at 2 KHz 100 dBHL where
the difference between the ears was significant at the .05

| evel s

(2) The Interaural interpeak |atency values ranged fromO to
0.3 msec. No significant difference was found for the
| nterpeak | atencies between the 2 ears except at 4 KHz
80 dBHL, where the difference between the ears was signi-

ficant at the .05 | evel.

The nean |1 PL val ues for wave V

were —0.16 at 80 dBHL at 2 KHz
0.08 at 100 dBHL at 2 KHz
0.14 at 80 dBHL at 4 KHz
0.13 at 100 dBHL at 4 KHz.

(3) The nean absol ute | atency val ues and the nmean | nterpeak
| atency values at 2 different intensities and frequencies
are given inthe Results Section (See tables 5, 6a, 6b and
7).

(4) Amplitude val ues of the BSER are considerably variabl e.
The standard deviations for the absol ute anplitudes, the
relative anplitude, the interaural absolute anplitude and
the Interaural relative anplitude were very high and in

sone instances nore than the nean val ue, thus supporting
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the view that the anplitude of BSER is not a reliable

measur e.

The VIl relative anplitude whichis arelatively reliable

measure was below 1l Vin few of the subjects.

Recommendati ons: -

1. The same study can be carried out on a |arger popul ation.

2. The '"Ear Effect' for amplitude and | atency of BSER for

different frequencies and intensities can be studied.
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Appendi x 3

TA - 1000 used in the present study



