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CHAPTER | .

| NTRCDUCTI ON

(Auditory brain-stemresponse (ABR) audionetry is of
great interest today, in the field of audiol ogy, otology,
neur ol ogy and neuro-otology and is probably one of the
nost exciting advances in Evoked response audionetry (ERA).

Assessnent of hearing of the difficult-to-test child
is crucial, challenging and rewarding. Many investigators
have devoted thensel ves to devel opi ng procedures which
do not require patient's co-operation. Thus, there is a
need for objective audiometry. Shimzu (1981) concl udes
| ogically that ABRis one possible solution. Though ABR
audi ometry has not yet reached perfection, the results are
satisfactory. Smth and Simmons (1982) tested 42 young
mul ti handi capped children with ABR audionetry at the age
of 34 nonths and coul d predict accurately the pure tone
threshold (500 Hz and 2000 Hz) in 76% C the remaining
24% 18%had error of - 10-12 dB. A these threshol ds
were confirned |ater on through pure tone audiometry
at the age of 71 nonths.

The ABR s are nmenbers of V (ventex) potential famly,
having a latency of 1 to 12 nms. They are approxi nately
-26 dB low in anptitude than el ectrocochl eography (E Coch G
potential detected by the transtynpani c pl acenent of
the el ectrode and sonme -16 dB | ower by extratynpanic
el ectrode pl acenent (Davis, 1976). Table 1 shows the
classification of ERA that is usually followed, from
which it is clear that each category has a definite target,
specific range in latency and anptitude of the response
for the study of auditory system
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TABLE 1: (dassification of auditory evoked potentials, their
origins and range of |atencies and anplitude val ues.

The nmain reason for the distrust in the reliability and
validity of ERA seens to lie in the follow ng difficulties which
confront the current technique for ERA scoring (Susuki et al.1976,
The first difficulty is in setting up a criterion for interpreting
the presence or Absence of the responses, which leads to a
consi derable variability of judgenment in and between scorers.

The second difficulty is the inevitable appearance of so called
fal se-positive responses and the third is the |ack of standard
procedures for determning a response threshold fromresults

of individual judgenent.
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The ABR stimuli are characterized by abrupt onset and

decay and of short duration, unlike the sustained pure tone

of conventional audionetry. This is necessitated by the

di agnostic significance of response differences of |ess than

1 ns and the very rapid response of the cochlea by acoustic

stimuli. Typically, the peak SPL of a ABR stinulus at hearing

threshold is approximately + 25 dB greater than that of a

sustai ned pure tone audionetry (Ward, 1981).

The patient's ABR to such stinmuli is a mnute electrica
voltage, typically less than .00000025 volts or 250 nano volts.
Thus rel axed state or often. sedation may be necessary
(Davis, 1976). This voltage can be best neasured at vertex
(Terkildsen et al. 1978), but for clinical convenience high
forehead placenent is finding increased acceptance (Davis
and Hrsh, 1977) with respect to the ipsilateral earlobe
(Terkildson and Gsterhammel, 1981). The actual intra-crania
vol tages are nmuch greater, but the intervening bone and tissue
aitenuate these by several orders of nagnitude at the skin
surface, the only point of practical electrical connection.

At the instant of peak stimulus inpact on the tynpanic
menbrane, a shock wave is induced in the fluid of the cochl ea.
As this wave notion passes the hair cells, an electrical voltage
Is generated. The first vestige of this action is typically
detected 1.6 m | liseconds after the stinulus peak and is
t hought to be the response of the 8th or acoustia nerve.
Approximately 4 mlliseconds later this stinulus response reaches
the inferior colliculus in the md-brain and initiates a
nmassi ve neuron di scharge, Jewett's wave V. Figure 1 illustrates
a typical ABR pattern to 100 dB HL logon stimuli. Lately, Biond
and Gandori (1978) have presented a nat hemati cal nodel for
ABR whi ch can be basically helpful in (i) unifying the available
data in a conprehensive description (ii) inproving the fundanenta
know edge of the mechani sns of response generation, transm ssion
and recording (iii) maximzing the discrimnation between normnal
and abnornal responses.
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Figure 1. Typical ABRpattern at 100 dB H. | ogon stimuli

The ABR audionetry is of great clinical val ue, besides
threshold testing, if one understands the pathophysi ol ogi cal
significance. Abnornalities along the auditory pathway re-
sult in tenporal and norphol ogi cal variations fromthe norna
pattern, enabling reasonably accurate diagnosis of acoustic
tunor, acoustic neuronmas, cerebropantine angle tunors, brain-
stemtunors, denyelinating di seases, degenerating di sorders,
coma etc. The neticulously controlled recordi ng techni que,
and establishnent of the normal inter and intra subject
variability are crucial because the interpretation of the re-
sults depends entirely upon them

Many attenpts have been nade to establish norns for ABR
but failed to, as each |laboratory has different stimulus,
starting point of recording, recording technique etc. More
or less they can be conpared if nost of the variables are
simlarly controlled, hence there is the need for each |abor-
atory or ABR recording systemto have its own norm studies
have been conducted by Jewett and WIlliston (1971), Lev and
Sohner (1972), Picton et al.(1974), Starr and Achor (1975),
Stpckard and Rossiter (1977); Rosenhaner et al. (1978), Rowe
(1978); Stockard et al. (1978); Beagley and Shel drake (1978),
Chi appa et al. (1979), Rosenhaner et al. (1980), Bergholtz (1981]
and Hayers and Jerger (1982); to set norns. Al nost all except
Beagl ey and Shel drake (1978) and Rosenhaner et al. (1980)
have gone up to 80 dB stimulus to set thenorns. Very few of
these studies give data about anplitude and rel ative anplitude,
though quite a few Stockard and Rossiter (1977), QGlroy and
Lynn (1978); Rowe (1978), Chiappa et al.(1979), Rosenhaner et
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al. (1979), Bergholtz (1981), have tal ked about interwave
| atency and only Rosenhaner et al. (1978) have tested the
reliability of ABR

The avail abl e data have been controversial about the
role of sex. Rowe (1978) did not find differences in sex,
wher eas Beagl ey and Shel drake (1978) did find significant
differences. They have foundthat fenal es have shorter | atencies
t han mal es.

Statenment of the probl em

The present study was undertaken to see if different
norns are necessary for different intensities and sexes and
how cl osely the response was reproducible i.e. to see the
test-retest reliability in the normal hearing subjects.

Nul | hypot hesi s:

1) There is no significant difference between ABR for
1) two intensities (80 and 100 dB)
11) two sexes (nmales and femal es)
I11) two sessions, in
) absol ute | atency
) absol ute anplitude
c) interwave |atency
) relative anplitude

2) There is no significant correlation between
a) absol ute |atency
b) absol ute anplitude
c) interwave |atency
d) relative anplitude

when individuals are tested twice at same intensities and
at sane frequency.
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CHAPTER 1 |

REVI EW OF LI TERATURE

The present study ainms to set nornms for ABR for two
intensities, tw sexes and to see the reliability of response
by test-retest method. The review of |iterature is discussed
under the fol |l ow ng headi ngs:

1. Brief historical review of ERA and ABR
2. Auditory Brainstem Evoked Response
a) Anatony and Physiol ogy of ABR
b) Recording of ABR
c) Characteristics of ABR
3. Effect of intensity on ABR
4. Effect of sex on ABR
5. Test/retest reliability of ABR

1. Brief _historical review of ERA and ABR

"It has been al nost 200 years since

Gal van discovered the electrical

activity of the biological tissue. Today
we are able to apply this fundanental
discovery to the entire auditory system"”

G BSON (1978).

The purpose of this sectionis to trace the significant
peopl e on the continuum of tine whose efforts have brought us
to the present status of know edge about ABR.  For details
one can refer to G bson (1978). The present section starts
with ERA in general and goes on to ABR fromthe point it was
engul fed in the ERA system

1875 Caton first noticed presence of electrical potentials
in the brain

1879 Vigowoux and |ater Fere in 1888 suggested exosonatic
met hod, involving the application of electric current
with a | owvoltage potential between the electrodes and
measuring the change of resistance directly fromthe
el ectrodes.
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Tar chanof f suggest ed endosomati ¢ net hod of assessing the
psychogal vani ¢ reflex, measuring the difference in
electric potential arising fromcurrent in the skin.

Berger recorded first human el ectro encephal ogram from
el ectrodes pl aced on the scal p.

Waver and Bray obtained potentials fromVIII nerve.

Adrian and Mat hew used a value anplifier and an accurate
pen recordi ng apparatus which | eft no doubt as to the
authenticity of Berger's work.

Loom , Harvey and Hobart described diphasic or triphasic
potentials which occured at the vertex of the head in
response to tactile stimlation.

Davis reported sinpler responses to auditory stimuli
to be definitely cortical in nature.

Bordl ey, Hardy and R chter were the first to apply the
phenonmena of skin resistance changes to audi onetry

and for evolving a practical procedure for testing the
hearing of young chil dren.

Wang established the | evel at which reflex accured to
shock, whilst transection in cats at different |evels,
he established that auditory-synpathetic reflex nust
be somewhere between cortex and | evel of the inferior
colliculi.

Bordl ey believed that a postive PGSR response did not
necessarily nean that the sound was bei ng perceived.

Hunt was the first to suggest the additive techni que or
el ectronic averaging and his coworker Dawson brilliantly
exploited it.

A ark devel oped an average response conputer, this device
converted analog data into a digital form fromwhich
averages, anplitudes and tine histogramcoul d be easily
conputed and this was and is highly favored by ERA workers.
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1958 Ceister, Krishkosf and Rosenblith applied el ectronic
averaging to the detection of auditory evoked responses,
pl acing the electrodes on the surface of the scalp. They
di scovered responses with short latencies of 8-30 ns
and believed that responses were nostly fromthe prinary
audi tory cortex.

1963 WIllianms and Gralvan reported an el ectroni c techni que
to average the V potential .

1965 Woppl e published a volunme entitled 'Sensory Evoked
Responses in Man' (Ann. New York. Acad. Sci. 112, 1-546,
1964) which was a | andmark event for ERA

1967 H story of ABR began when Sohrer and Fei nnener succeeded
in recording the VII1 nerve action potential from an
active electrode on the earl obe.

1970 Jewett confirned the validity of above response.

1971 Jewett and WI I ston showed that acoustically generated
‘early' potential could be detected froma w de area of
the skull recording and proposed roman nunbers from
| to MII for seven peaks.

1973 Lev and Sohner did simlar work but concentrated on the
V (Vertex) negative wave.

1973 Sohmer and Fi nmener denonstrated systematic variation in
response on changing the el ectrode position in hunan
subj ect s.

1974 Hecox and Gal anbos used the term Brai nstem auditory
evoked responses.

1978 dbson altered this termto Acoustic brainstemelectrica
responses nerely because the response can be obtai ned
froma decerebrate aninmal, in which the termauditory
seens i nappropriate and because the International ERA
study group favored the term 'H ectric Response Audi o-
nmetry', this argunment is nore academc than of clinica
I nportance. The commonest abberations in recent liter-
ature are BER ABR and BSER
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1978 Star and Achor from ani nal studi es concluded that, ABR
conponents recorded with scalp electrodes refl ect

conposite activity of as nmany as six brai nstem generat ors,
contradicting the assunption - specific neural generator.

Thereafter information of various theoretical and clinical
aspect of ABRin all its facets has increased to a |l arge
magni tude. A 'synposiumon Brain stemresponse (ABR)' published
by the Journal of Scandi navian Audi ol ogy, edited by Lundborg
(1981) was a land nmark event for ABR

2. Auditory Brai nstem Evoked Response (ABR)

ABR is a response, a potential, whichis electrical in
nature, picked up between two surface el ectrodes at the skul
with 10 ns evoked in auditory pathway by a auditory stimulus
the Vpeak is the promnent, reliable and the characteristic
response of brainstem system

There are many factors that affect the response characteristic -
they can be grouped under three headi ngs:

1. Recording paraneters 1) Averaging system ii) Filtering system
1ii) electrode placenent.

2. Stimulus paraneters i) Dervied responses ii) intensity
lii) rate of stinmulus presentation iv) stinulus transduction
v) polarity vi) binaural interaction vii) frequency -
foll owi ng responses viii) tone-onset responses iXx) threshold.

3. Subject paraneters i) age ii) sex iii) tenperature
I v) pharmnacol ogy v) psychol ogi cal factors.

Al the above paraneters are not dealt with, for details one

can refer Reneau and Hhation (1975); d bson, (1978); Fria (1980);
Lundborg (1981); Picton et al. (1981). As stated earlier sone
recording paraneters and later on in section (3) stinulus para-
neter i.e. intensity and (4) subject paraneters i.e. sex wll

be dealt wth extensively.

2a. Anatony and Physi ol ogy of ABR

Attenpt has been nmade to review the present state of know
| edge about auditory evoked potentials generated in the auditory
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pat hway and brai nstem whi ch are recorded from hunman subjects
usi ng surface el ectrodes. Werever possible, attenpt has

been nade to provide physiol ogical and anatom cal expl anations
for the reported findings.

The auditory pathways in the brainstemare characterized
by multiple parallel connections. The prinmary afferent fibres
divide imrediately on entry into the central nervous system
and connect to the dorsal, anterior ventral and posterior
ventral cochlear nuclei. There is a miltiplicity of cel
types and cell firing patterns in the various areas of the
cochl ear nucleus. Sone cells have firing patterns simlar to
those of the prinmary afferent fibres, whereas others have very
different response patterns. For exanple, the octopus cel
found in the posterior ventral cochlear nucleus has a sinple
onset response. The cochlear nucl eus sends fibres through a
vari ety of connecting pathways to the superior olivary com
pl ex of nuclei and to the lateral |emisci. The superior
olivary neurons are activated by both ears and project through
the lateral lemisci and their nuclei to both inferior colliculi.
In the human brai nstem the nmain nucleus in the superior olivary
conplex in the nedial superior olivary nucleus. Al though the
onset of activity in the various auditory nuclei of the
brai nstemare sequential, the persistence of activity in each
of the nuclei neans that after the first 2 or 3 ns follow ng
a transient stimulus there is over lapping electrical activity
in many different areas of the brainstem Mre cellular
details can be obtained fromHarrison (1978).

Activation of the neurons in the brainstemauditory
nucl ei causes a separation of charge across the neuronal
nmenbranes. This causes a flow of current in the extracellul ar

fluid. |If the locations of the activated cells are randomy
or circularly oriented, the flowof current is maintained within
the nucleus and a 'closed field occurs. |If the cells are

geonetrically oriented to sone degree an 'open field dipole
results. This is particularly true for the nedial superior
olivary nucleus. Fields may al so be generated by the conduction



of inpul ses along axons. There is a positivity recorded
ahead of the inpulse and a negativity laterally. The extent
of the electrical field generated in the nervous system
depends upon the anmount of charge separated at the source
and upon the geonetry and i npedance of the vol une conductor.

Figure 2 gives the outline of the auditory pat hway,
| ocal field potentials and single unit action potentials
recorded frommain relay station in the auditory pathway.
To the right are principal patterns of nerve activity in
different relays and the local field potentials. Above is
the ABR vector sumof field conponents in volune conductor.

Many investigators have specul ated and nmany have
attenpted to verify experinentally the neural generator of
ABR conponent wave. The literature can be divided into two
categories (Frid, 1981): i) Studies with aninal subjects
and 2) Studies with human subjects. But there are two nain
approaches to understand the origin of the early auditory
evoked potentials. First, is to relate surface recordi ngs
to those obtai ned fromdepth-el ectrodes, and the second,

Is to study the effects of brain |esions on the surface-
r ecor di ngs.

Research wi th human subjects is nore [imted in extend
and | ess precise in conclusion than ani nal experinentation.
Intra-cranial recordings fromhuman patients have not yet
been studi ed extensively, although Hashinoto et al. (1980)
have reported that wave Il, 11l and IV were large in record-
ings taken fromthe floor of the fourth ventricle, and wave V
very promnent in recordings fromthe quadrigemnal plate.
Studi es of human patients with | ocalized pathol ogi cal brain-
stem| esi ons suggest origins for wave | in the acoustic nerve,
for wave Il in the pons and for wave V nainly in md-brain
(Sohrer et al. 1974; Starr and Ham |l ton, 1976; Stockard and
Rossiter, 1977; Stockard et al. 1980; Rowe, 1981).
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Figure 2. Qutline of the auditory pathway, local field potentials
and single unit action potentials recorded from nain
relay stations in the auditory pathway. To the right
principal pattern of nerve activity in different
relays and the local field potentials. Above is the ABR
Vector sumof field conponents in volume conductor.
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There are two areas of controversy in the literature
concerning the origins of the early auditory evoked potentials.
One is whether the scal p- recording peaks represent distinct
processes in the brain (Buchwal d, 1981) or overlapping fields
fromseveral different generators (Achor and Starr, 1980 a
& 1980 b). The second point of controversy is whether the
maj or contribution to the surface recordings cones from
graded post-synaptic potentials (Buchwald, 1981) or from
synchroni zed action potentials (Picton et al. 1981).

There is general agreement that the first vertex-positive
IS generated by the auditory nerve fibers. Because of the
| atency differences between the peak recorded fromthe auditory
nerve near the brainstem Buchwald (1981) has suggested that
wave | represents the generator potential in the dendrites
of the auditory nerve fibers. Wave Il appears to reflect
activity in the cochlear nucleus although there may al so be
a contribution fromactivity in the auditory nerve. In the
| atency region of wave Il there are probably overlapping
generators, in the superior olivary conplex, the trapezoid body,
and the lateral emisci. Athough it was originally hypothe-
sized as deriving fromthe inferior colliculi, the wave |V-V
conpl ex now appears to be independent of those nuclei (Golden-
berg and Derbyshire, 1975; Achor and Starr, 1980 b) and is
probably generated in the axons and/or nuclei of the |ateral
lermisci. In figure 2, the presumed correspondence between
ABR conmponent waves and the anatom cal structures are correlated.
In view of Lundborg (1981) the conplex structure and connections
of the auditory pathway and the inhonmogenous electric proper-
ties of the surrounding volunme conductor, their interpretation
of ABR anatom cal and physiological terns is hazardous, but
the potential clinical benefits of a definition of the ABR
in such terns i s however great.

2b. Recording of ABR
Four najor components instrunental in recording and for
proper understanding of |atendy and anplitude functions are
i) the acoustic stimli
1) the preanplifier
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1i1) the averager
I v) the data presentation system

1) The acoustic stimuli:

Stimuli for ABR are characterized by abrupt onset and
decay and short duration, necessitated by the diagnostic
significance of response differences at |ess than one ns

and by very rapid response of the cochlea to acoustic stimuli.
Arlinger (1981) states, reporting of acoustic waveformis highly
desirable if any discussion of absolute |atencies of AER conponent
Is to be nmeaningful. There are many types of stimulus: raw
clicks, filtered clicks, tone bursts, derived band clicks, tone

pi ps and tone | ogon. Two general types of stinulus are enpl oyed,
each for a specific purpose.

1. The CLIK stimulus is a brief, single polarity pulse. Its
energy spectrumis conprised of a broad series of harnonics of
the stimilus repetition frequency, limted in high-frequency
region by the roll-off characteristics of the earphone and its
driving anplifier. The click is useful in the ross evaluation
of hearing function, where frequency specific information is not
required.

2. The LOGON stinmulus, used in this study, is a very brief tone
pip with very specific rise and decay characteristics. The

| ogon of Gabor (Davis, 1976) is defined as a pure sine wave

nodul ated by a Gaussian distribution function. The stimulus is
characterised by 3 peaks, in a 50%negative, 100%positive, 50%
negati ve sequence, followed by a 50%positive, 100%negati ve,
50%posi tive sequence; reversing on each successive stiml us.
Stimuli provided with 2,4 and 6 kHz center frequencies, stinulus
repetition rates are 20 and 5 per second. The only disadvant age
Is that the starting point is not definite (iiadsen and Hansen, 1981).

The | ogon stinulus has been determned by controlled
bi ol ogi cal experinment, to be approximately -25 dB | ess effective
than a pure tone of the sanme frequency, in terns of hearing
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threshold SPL. This is in fair agreenent with textbook tenpora
integration, wherein threshold SPL is said to increase +3 dB

for each halving of presentation tine below 200 ns. The stinulus
intensity is adjustable upto +100 dB HL at all frequencies.

Thus logon stimulus is a 1.5 cycle burst of the desired
stimulus frequency, having onset and decay tinme equal to 0.75
cycles of that frequency. |Its waveformis a single najor peak,
preceded and succeeded by m nor peaks of opposite polarity. The
| ogon' s energy spectrumis approxi mately one octave in bandw dt h,
centered on that frequency determned by the inter-peak tine of
Its waveform The logon stinmulus is nore frquency specific
and finds clinical application in the nore detai ned expl oration
of hearing abnornmalities.

1i) The Pre-anplifier system

The probl em of extracting useful information from sub-
mcrovolt bio-electrical signals is a formdable one. The
anpl i tudes of the evoked potential are in the order of 0.1 to
10uV which requires a very sensitive high gain, |ownoise
anplifier, and at least with the total systemgain yielding
1uV to the size of 2.3.cns on the display screen (Madsen and
Hansen, 1981). Physical principles limt the mninumtheoretica
noi se characteristics of anplifying devices.

Total electrical isolation between the pre-anplifier
I nput and earth ground is the only practical way of neeting the
various el ectrical codes and standards. This can be achieved
by radi o-frequency isolation. Recent instrunent designs favour
r-f isolation. |In this design, a ground referenced oscillator
supplies r-f power to an isolated anplifier and the signa
Is returned to the ground - referenced portion of the circuit
as a nodul ated r-f carrier. Wen denodul ated this is the
original input, anplified and ground referenced. Al connections
to the subject are by r-f neans achieveing total electrica
| sol ati on.
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The equival ent preanplifier input noise for a device
of the band width described is 0.4 uV or approximately 1.3uV s
peak. The noi se peaks greatly exceed the 0.2 uV ABR signal, mak-
ing direct interpretation inpossible. The relative quality of
noi sy signals can be expressed in terns of ratios (S + N)/N
in dB. For conditions stated, this ratiois (0.2 + 1.3) / 1.3
or +1.2dB. (S+ N/Nratios in the order of + 12 dB can be
intelligently interpreted, + 20 dBratio's are essentially
free of noise artifacts. Anplification does not alter the
ratio, it sinply increases the anplitude of the signal and
noi se conponents. The SLZ, 9794 used in this study fulfills
this criteria.

ii1) The Averager:

Averager as such perfornms only one job, nanely to summate and
store the incomng results frompre-anplifier. Fortunately,
the ABR signal is synchronous, i.e. fixed in tine with relation
to the BSER stimulus, while noise is random Wen a nunber of
synchronous events are accunulated, they add in proportion to
the nunber of events, when a simlar nunber of randomevents
are accunul ated, they add in proportion to the square root of
the nunber of events. For the condition stated, 380 sanples
result is accumulated signal of 76 uV and an accurnul at ed noi se
of 25.3 uVresults a +12 dB (S + N/Nratio. Increasing the
nunber of sanples to 3422 results in a +20 dBratio. It is a
t echni que of sanple accumul ation, nore comronly called signa
aver agi ng, whi ch nakes ABR audi onetry possi bl e.

The TA - 1000 digital averager divides the patients
response, during the analysis wi ndow, into 250 snall slices
of time, and converts the instantaneous response anplitude into
a 11-bit digital code, identifying 2048 discrete |l evels. Each
time slice code is added to all other in the sanme tine slice,
whi ch occured from previ ous sanpl e responses, and the total,
representing the average anplitude in that tine slice, is
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accumul ated in a 16-bit nmenory, fromwhich it is read out,
converted to a voltage anplitude and di spl ayed on either
oscilloscope or plotter. This is the ABRwith the system
noi se suppr essed.

I v) The data presentati on system

ABR data are in two forns, tenporary and pernanent.
Tenporary data are those that are displayed on an oscill oscope
and represent on-goi ng response accunul ation. By observing
the ABRas it increases in anplitude and quality with increased
nunber of sanples, the cliniciancan confirmthe subjects ABR
and the equi prent performance. Wen sufficient sanples have
been accunul ated to display a response of suitable quality,
the permanent data can be recorded, usually by a dedicated
X-Y plotter.

2c. Characteristics of AER

Recogni tion of abnornal responses fromthe nornal makes
di agnosi s possi ble. Cenerally three ABR paraneters are | ooked
for, they are norphol ogy, |atency and anplitude. Particular
enphasis is placed on the description of parameter variation
due to non-pat hol ogi ¢ factors.

a) Mor pphol ogy:

There are wi de individual differences in the norphol ogy
of the response (Rowe, 1978; Chiappa et al. 1979), that do
not appear to be easily explained by any other paraneters.
I n about 5% of normal subjects there is a double or bifid
peak | and a simlar incidence has been reported for a doubl e
peak I'l1l. These doubl e peaks tend to occur of higher inten-
sities. Chiappa et al. (1979) have descri bed several patterns
of peak IV - V norphology, Picton et al. (1981) have observed,
simlar patterns and gave conbined incidence in both studies.
In 15%of cases wave |V and V nerge into a single peak, in
45%of cases wave |IVis smaller than wave V, in 30%of cases
wave V occurs with |ower anplitude than wave IV and in 10%
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cases waves |V and V are approxi nately equal. |In about one
third of the cases thelV-V pattern in one ear is not the

sanme as that seen in the other, Stockard et al. (1979) have
poi nted out that nmany of these |V-V patterns can be caused by
changing the polarity of the stimulus used in evoking the
response. Al though Chiappa et al. (1979) did not report

the polarity of their click stimuli, Picton et al. (1981)
state that by using clicks of one polarity there are definite
I ndi vi dual differences in the response norphol ogy that depends
upon the ear, the polarity and the intensity of the stimnulus.

b) Response | atency:

Latency is tine relationship between any response and
the stinmulus eliciting that response. For ABR this paraneter
I s designated as absol ute wave | atency or interwave | atency
(Figure 3). Absolute latency is the tine relationship between
stinmul us onset and associ ated response. |nterwave | atency
refers to time difference between two conponent waves e.qg.
the I-Vinterwave | atency, their values are typically specified
inmlliseconds (Fig4). Ainically the nost val uabl e i nt erwave
| atencies are the |I-I1, IlIl-Vand |-V intervals. (Bergholtz,
1981).

<! b

A \
(‘(“.JT,_\.

Figure 3. Presuned correspondence between ABR conponent wave
(I through M | -upper portion of the figure) and
anatomcal structures in the primary (lower portion
of the figure).
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The nmean absol ute | atency val ues for nornal adults re-
ported by different authors are shown in Table 2. These
aut hors used a general technique, vertex-ear recording, sti-
mulation with 60 to 70 dB SL unfiltered clicks and | atencies
neasured fromonset of the electric clicks except Jewett
and WIlliston (1971) and possibly Lev and Snhner (1972)
who neasured | atencies fromthe arrival of the sound to the
tynpani ¢ menbrane. The variation between studies for the
different |atency values may be attributed partly to differ-
ent latency zero references and different click intensities,
but part of these are due to different delays in the equip-
ments used.

Measures of the variability of normal absolute |aten-
cies, can be used for conparison between different reports.
The SD of nornal |atency values reported by Lev and Sohner
(1972) and Anadeo and Shagass (1973) was greater for waves
beyond 11, but in these early papers the inherently in-
consi stent V-V conpl ex was | abell ed as one wave, and this
m ght account for observed increase in variability. Later
reports by (Starr and Achor, 1975? Rosenhaner et al. 1978;
Rowe, approximately same SD for all ABR conponent waves
< 0.3 ns.

Normal interwave |atency val ues have been reported for
several conbi nations by Stockard and Rossiter, 1977; QGlroy
and Lynn, 1978; Rowe, 1978; Beagl ey and Shel drake, 1978;
Chi appa et al. 1979; Rosenhaner et al. 1979 and 1980;
Bergholtz, 1981. Table 3 presents a conparison of published
findings for young adult subjects. As show the |I - V interwave
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| at ency approxinmates 4.0 ns and slightly nore than hal f of

this time can be attributed to the I-111 interwave |atency.
The I1-111 value estimates transm ssion tine through
the panto-nedul l ary junction and | ower pans, and III-V

val ues estimates transmssion time fromcaudal pons to
caudal mdbrain levels. The |-V latency estimates the
time needed for inpulses to travel the entire system and
Is sonmetimes called '"central' or 'brainstem transmssion
time. These estinmates are of great value for clinical

pur poses.

C. Response anplitude:

In ABR response anplitude refers to the hei ght of
the given wave conponent, and it is usually neasured in
mcrovolts (uV) fromthe peak of the wave to the follow ng
trough (assumng that vertex positive wave are displayed
as upward deflection). This nmeasurenent is called absol ute
anplitude. The absolute anplitudes of ABR conponent
waves can al so be expressed in relation to one anot her,
and these are called relative anplitudes (Figured).

The variation of normal val ues of ABR anplitude have
been observed substantially by Aradeo and Shagass, 1975;
Starr and Achor, 1975; Chiappa et al. 1979: Stockard et
al. (1978) reported the nmean anplitude in response to
high intensity clicks to be 0.15 and 0.38 uV for wave |
and V respectively.

Since there is great variability in absolute anpli -
tude neasurenent, relative anplitude is suggested by Starr
and Achor, 1975. In 50 nornal subjects, they found that
ratio of Vil always exceeded 1.0 in response to click
intensities below 65 dB. S mlar ratios for 60 dB clicks
evoked ABR s were reported by Stockard et al. 1978; Chiappa
et al. 1979; who found nmean V:I ratio 2.53 in 100 nornmnal ears.
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Figure 4: The distinction between absol ute and i nterwave
| atency for conponents of the ABR  Absol ute
latency is the time (in nms) from stinmulus onset
to the occurance of a given peak, in this figure
t he absolute | atency of wave V is represented.
Interwave latency is the tine difference (in
nms) between the absolute latencies in tw ABR
waves, in this figurel to V (1-V) interwave
| atency is depicted.

3. Effect of intensity. on ABR

Audi tory brainstem responses, the norphol ogy, the
| atency and the anplitude changes with changes in intensity
of t he click stimul us,

The | atency of all conponents increases with decreasing
intensity. The peak-latency of wave changes from 5.6 ns

at 80 dB HL to 8.2 ns at 10 dB (Hecox and Gal anbos, 1974;
Starr and Achor, 1975; Zollner et al. 1976; Picton et al. 1977;
Beagl ey and Shel drake, 1978; Coats, 1978; Gal anbus and Hecox,
1978; Rosenhaner et al. 1980; Picton et al. 1981). The
standard deviation of the |atency neasurenments increases
somewhat with decreasing intensity. At 70 dB the standard
deviations for V-latency have been reported between 0.20

and 0.25 whereas at 30 dB the standard devi ations have
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1<)

Figure 5. The distinction of absolute and rel ative wave
anplitudes for ABR Host often, absolute
anplitude is the height (in mcrovolts) of the
wave fromits peak to the follow ng trough, as
shown above for waves | and V (A & B) respectively);
but relative anplitude is the ratio of the
absol ute anplitudes for two ABR waves. For
exanple, inthis figure, the relative anplitude
of wave Vto wave | would be B divided by A

i ncreased to about 0.30 ns. The latency-intensity data can
be fitted reasonably well by a linear regression line with

an average slope of -38 us/dB and with a basel i ne val ue of

8 25 ns at 0 dB. The nornal values for the slope of this

| i ne ranges between 20 and 50 us/dB (Pratt and Sohner, 1977;
Gal anbos and Hecox, 1978; Narillaud, 1980) although at high
intensity, slopes as lowas 10 us/dB and at |ower intensities
sl ooes of upto 60 us/dB may be seen. The relationship is

not really linear and a sonewhat better fit can be obtained
using a power function such that log 10 (v-latency in ns)=
-0.0025 (click intensity in dB) + 0.924. The other peaks of
t he response have approxi mately equal slopes to that of wave V
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(Sarr and Achor, 1975; Pratt and Sohmer, 1977). However
as noted by Stockard et al. 1979, Wave i may actual ly
show a slightly larger latency shift wth decreasing
intensity than wave V, particularly over the mddle in-
tensity range. Thus the 1-V inter-peak | atency decreases
froman average of 4.02 ns at 70 dB SL to 3.68 ns at

30 dB SL.

The changes in anplitude of the brai nstemresponse
conponents with intensity have been the subject of study
of very fewpeople Starr and Achor, 1975; Zollner etal. 1976;
Pratt and Sohner, 1977; Picton et al. 1981. Furthernore,
because nmany different high-pass filter settings are
used it is difficult to conpare data across | aboratories.
Using high-filter setting of 100 Hz or |ower, the anplitude
of wave V neasured relative to the succeedi ng vertex-
negati ve wave decreases fromabout 0.6 uv at 70 dB to
0.3 uvat 20 dB nHL with the average curve bei ng approxi -
mately linear over this region. The anplitude decreases
much nore rapidly between 20 dB and i ncreases sonewhat
nore slowy above 70 dB. Wen high-pass filter-setting
of greater than 100 Hz are used the anplitude of wave V
is smaller and may reach a maxi numval ue at |ower inten-
sities. The anplitude is far nore variable than the
| at ency nmeasurenent and individual subjects may show
quite consistent steps in the anplitude - intensity
function that do not showup in the average data over a
popul ation of subjects. The earlier conponents of the
brai nstem response show a nore rapid decline in anplitude
than wave V. At 30 dB nHL, the anplitude of wave Vin
response to a 10/s click stimulus, is about 60 per cent
the anplitude at 70 dB, whereas the anplitudes of wave |
and |11 have been reduced to about 30 percent of their
respective anplitudes at 70 dB. Wave V is easily
recogni zabl e in normal subjects to within 20 dB of threshol d
whereas the earlier waves of the response becone difficult
to identify below 50 dB nHL.
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Interwave | atencies do not followthe |ogic of inten-
sity-latency function. Rowe (1978) and Stockard et al. (1978)
observed mninal changes in interwave |atency when stimulus
intensity was decreased. Stockard et al. (1978. ) reported
one subject who showed a .07 ns increase in the I-Vinter-
wave | atency when responses to 70 and 20 dB SL clicks were
conpar ed. Close examnation of this subjects wave-forns,
however, reveals that they neasured the I-1V latency at
70 dB SL and perhaps the |-V latency at 20 dB SL. Hence
slight increase in interwave latency for the 20 dB SL

stimulus is not surprising. In a later paper Stockard et
al . (1979) reported that wave | |atency increased nore
than wave [l and V when stimulus intensity was decreased.

Consequently interwave | atency val ues involving wave |-111I
and |-V were shorter at lower stimulus intensities. The
average decrease I-111 latency was 0.19 ns and for |-V
was 0.34 nms. For one subject the |-V | atency decreased
0.73 ns when responses to 70 and 30 dB SL clicks were
conpared. For sone subjects, the transition (decrease) in
I nterwave |atencies was nost prom nent for responses to
40 or 50 dB SL clicks.

The relative anplitude ratio V:I increases with
decreasing intensity (Fria, 1981). Thus intensity related
changes in relative anplitude confirned the original obser-
vation of Starr and Achor (1975).

4. Effect of Sex on ABR

The latency and the anplitude of the ABRis significantly
related to the sex of the subject. Adult fenal e subjects
have significantly shorter latencies for wave 111 and V.

For clicks the difference in V-latency has been reported
as between 0.05 and 0.36 (on average 0.22) ns (Beagl ey
and Shel drake, 1978; Kajar, 1979; Mdelland and Mbrea,
1979; Jerger and Hal |, 1980; M chal ewski et al. 1980;
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Jacobson et al. 1980). The difference inlll - |atency

is slightly | ess, on average about 0.15 ns. Wave | is little
affected and therefore the |-V inter-peak |atency is about
0.21 ns shorter in fermal e subjects (Stockard et al. 1979).
The sex related |atency differences persist at |ower in-
tensities and at faster presentation rates (K aer, 1979%
Jacobson et al. 1980). The anplitude of all conponents

are larger in the adult fenale than in nale (K aer, 1979;

M chal ewski et al. 1980). Wave | appears to be about 30%
larger in females, wave Il 23%and wave V 30%

The sex differences noted in the |atency neasure-
ments do not occur in normal young children. The occasiona
sex differences noted in neonatal studies (Seitz et al.
1980; Cox et al. 1981) are probably related to the in-
creased perinatal risk in male infants and do not persi st
(Cox et al. 1981). There is sone controversy in the
literature about when the adult difference begins. MCelland
and MCea (1979) found no significant sex-related |atency
differences in a group of 9-13 year old children but noted
difference related to adol escence and its attendant hornonal
changes. 0" Donovan (1980), however, found significantly
different latencies fromthe age of eight years onwards.
Anatom cal differences between the sexes mght therefore
underlie the differences in recording brai nstemresponses.
At present it is futile to speculate the causes for these
differences. The only intelligible explanation seens to
be based on spatial dianension of the wave generating
system and vol une conductor enbedding it, than el ectro-
physi ol ogi cal diversity. Shorter pathways woul d give an
earlier latency and mght al so increase synchronization
so as to give a larger anplitude.

Another factor that is specific to the adult fenale
is the nenstrual cycle. Picton et al. (1981) have re-
ported that I-v inter-peak |atency changes slightly during
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the menstrual cycle, being on average 3.81 ns between the
days 12 and 26 and 3.92 ns on the other days. This is
probably related to tenperature changes during the nenstrual
cycle. Tenperature differences cannot although explain
the overall male fenal e differences since nmales in general
have slightly higher core tenperature than fenale.

5. Test/retest reliabilitv_of ABR

The test reliability of BSERis excellent. The NV
peak can be used confidently to estinate the hearing
status. The latency of this peak is remarkably constant
even from subject to subject, and in nornally-hearing
adults, it occurs at 4.9 - 5.5 ns using an 80 dB H. click
stimuli (A bson, 1978). The NV peak, nearly al ways
follows the NI by exactly 4.0 ns unl ess the subject has
sonme di sorder affecting the brainstem

For audionetric purposes, the NV can usually be
identified at 10 dB SL or less usually click stimuli or
tone burst of 228 KHz (Davis, 1976). Sone subjects do
not yield an identifiable NVwthin 10 dB but this never
happens at 30 dB SL using 4 KHz stinmuli. The ol der sub-
jects over 40 years of age seened to be nost difficult to
test for threshold purposes. At |ower stinulus frequencies
the N V becones broader and nore difficult to identify
(Davis and H rsh, 1977). Antonelli (1976) reported ABR
threshol d between 10-30 dB for 75%of his 39 adult sub-
jects. At 500 Hz the NV is very difficult to identify
(Davis and Hrsh, 1979). The test-retest reliability is
good. The BSER wave form does not show any change on
repeated or prolonged testing. Thornton (1975) tested
the sane subjects on different occasions and found no
significant changes in either the anplitude or |atency of
the BER The SD of the anplitude data were proportionally
much | arger than those obtained fromthe | atency dat a.
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"This suggests that despite the averagi ng procedure, a
consi derabl e proportion of the neasured response anpli -
tude variance is attributable to the renaining variance

of the background noi se process” (Thornton, 1975).
Rosenhaner et al. (1978) determned test-retest reliability
in 6 subjects. The tine gap in testing was 6 nont hs and

he used two sided t-test with equal |atency, hypothesis
rejection probability set at 5% The results showed

good test-retest reliability.
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CHAPTER | | |

METHCDOLOGY

Subj ect s:

Twenty nornal hearing (20 dB HL ANSI 1969) subjects
with the age range of 18 to 25 years (nean age - 20.5 years)
ten males with mean age 20.3 years and ten females with
mean age 19.8 years were selected for this study.

Only one ear i.e. right ear was tested in all these sub-
jects. The subjects were selected on the following criteria:

1) They should not have had any history of chronic ear
di scharge, tinnitus, giddiness, earache or any
ot her otol ogi cal conplaints.

2) They should not have had any history of epilepsy or
ot her neurol ogi cal conpl aints.

3) They should be able to relax and feel confortable with
el ectrodes on, within 10-15 mnutes after their
pl acement .

4) Their el ectrophysiological input should come bel ow
500 mcrovolts within 10-15 mnutes after electrode
pl acenment .

5) Their hearing sensitivity should be within normal limts
i.e. within 20 dB HL (ANSI 1969).

|'1. Equi prent :

The equi prent used was, Electric Response Audi oneter,
model TA-1000.
Brief description of the instrument:

The TA-1000 system consists of the SLZ 9793 desk-top consol e,
the SLZ 9794 preanplifier and an accessory group.
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The SLZ 9793 consol e containsall of the operating
controls, indicators and read-outs for the system It
provides the patients an auditory stinulus and accepts
patient's electrical responses fromthe preanplifier
Signal conditioning and digital averaging extract the
patient's BSER responses from the background noi se.

Gsci | 1 ographi c display and ink-on-paper recording provide
an on going nonitor as well as a permanent record of
responses.

The SLZ 9794 preanplifier is an isol ated EEG preanp.
with frequency response and gain specifically designed
for ERA. Patient's electrical response is sensed by a
set of three electrodes and after anplification, is con-
ducted to the console by an inter connecting cable.

Accessory group used was

a) A binaural air-conduction head-set with cord set.

b) Inter connecting cables, chart paper and pens.

c) Sets of electrodes, electrolyte get and el ectrode
adhesi ve pad (which was exhausted and substituted by
Johnsonpl ast).

CONTROLS and_t hei r FUNCTI ON.

The TA-1000 is operated with only (i) four knobs
and (ii) nine push button swtches. Al knobs are clearly
marked to indicate their functions. Push-button swtches
are of two types; alternate-acting i.e. push-ON, push-COFF
and nonentary acting i.e, push-to-indicate. Al push-
buttons indicate, by means of internal Tanps, the active
state of the selected function. Unwanted or illogical
function are internally inhibited.



(i) FOUR KNOBS:

1) The stinulus function switch permts selection of
2 KHz, 4 KHz or 6KHz acoustic |ogon stinulus
equi val ent frequencies, at repetition rates of 5 or
20 stimuli per second and patient response inter-
vals of 10 ms or 20 ms inmediately follow ng the
acoustic |ogon stinulus.

2) The stimulus attenuator establishes the presentation
| evel , permts selection of acoustic |ogon stimulus
from0O to + 100 dB HL.

3) The scale function switch permts selection of system
sensitivity and number of averaged response sanpl es.
For 1024 sanples, 0.5 uV, 1 uV, 2uV and 5uV/division
sensitivities are available. For 2048 sanples
0.2 uV, 0.5uV, 1 uV and 2 uV/division sensitivities
are available. For 4096 samples, 0.1 uV, 0.2 uV
0.5 uVand 1 uV/ division sensitivies are available.

4) The latency control position a curson mark on the
oscill oscope display for precise determnation
of time delay from stimulus peak to any point on
the averaged patient response. Readout of |atency,
inmlliseconds, to 0.1 ns resolution is displayed
indigital formdirectly above this control

(ii) PUSH BUTTON SW TCHES

1) PONER switch energizes the system and indicate the
syst em st at us.

2) SCORE switch controls the oscilloscope display.

3) CLEAR push-button clears the mcro-processor averager
menory, resets the sanple display counter and corrects
the m cro-processor operating node to correspond
to the current control status.
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4) START/ STCP push-button initiates the mcro-
processor average function. As the function.
As the nunber of sanples accunul ates, the averager
can be stopped to evaluate internediate results
and restarted w thout disturbing the averager
action. The averager function is automatically
termnated when the sel ected nunber of sanples
has accunul ated, or when any averager nenory
channel is full; automatic termnation requires
aclear, topermt restart.

5) RECORD push-button initiates the platter readout,
If the averager is not active.

6) MASK push-button applies broad-band noi se naski ng
to the contra-lateral ear only when either Air
left or Alr Rght stimulus is active.

7) AR LEFT applies the stimulus to the desired
ear phone.

8) AIRR GHT applies the stimulus to the desired
ear phone.

9) BONE push-button applies the stimulus to the
bone-vi brator transducer.

Besi des these there is (1) paper advancer thunb
wheel , when rotated downward advances the plotter chart
paper. (2) The limt indicator, in the sanples w ndow,
will light briefly to indicate the presence of excess
Input to the system At high sensitivities i.e. 0.1 uV,
0.2 uV and 0.5 uV/division, this indictor will be re-
| atively active, depending on the individual patient.
Patient responses, occuring when the limt light is on,
are rejected fromthe averaged responses and are
nei t her accunmul ated nor counted. (3) The TWH RUN EEG
switch should be in RUN for nornmal operation. Wen in
the TWF position, after a CLEAR the oscilloscope wl |
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display a characteristic test waveformto confirm oscill o-
scope operation. In the EEGposition, after a CLEAR

the oscilloscope will display the ongoing patient EEG
activity, the raw signal fromwhich the averaged response
Is derived. Figure 6 shows the flow chart of the system

[11. Test environment:

The experinent was carried out in sound treated room
at the Audiol ogy departnent, Al India institute of
Speech and Hearing, Msore.

a) PONMR SOURCE: The main A-C current was cannalized to
|.T.L. Mdel SVS - 200L stabilizer with input 170-270
volts and output of 230 volts, this was stepped down by
Kardio S No.101 to 110 volts which is the requirenent of
the instrunent to function properly.

b) LOCATION of the instrunent: The instrunent was placed
inside a larger sound tested room

1) Himdity was neither too high or lowto the point
where either the subject or clinician were unconfort -
abl e.

i) It was away fromnoi sy drafty or excessive vibration
ar ea.

ii1) Away fromhigh brightness areas, curtains were
drawn to control direct sunlight in the room

iv) It was away fromelectrically noisy areas i.e.
| arge notors, copying nachi ne etc.

V. PROCEDURE:

Prior to every test the stabilizer output was checked
to ensure a constant voltage of 200 volts. The chart
papers in the plotter was al so checked for its proper
position. The tubul ar pen hol der was uncaped.
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The subject was to lie in relaxed, recunbent position
on a nmedical examnation table. Qotion was given for
pillow to avoid head, neck tension and to nake nuscle
artifact negligible. Subject was briefed with the infor-
mation that, there el ectrodes woul d be pl aced and t hen an
ear phone fromwhi ch he could hear click like sound in
the right ear. He was told to be in a relaxed state
and he could go to sleep.

El ectrodes were checked with a gentle tug on both
ends. They were cleaned with cotton soaked in rectified
spirit (electrodes are of solid sterling silver). Thus,
there was no danger of wearing of any plating.

Cotton soaked in rectified spirit was briskly
rubbed on the skin area where the el ectrodes were to be
pl aced, till pinkish colour indicative of increased vas-
cularity appeared. This was then wiped with dry cotton.

Sufficient quantity of Beckman el ectrode el ectrolyte
(electrolyte gel) was placed on the electrodes to fill the
recess in the electrode to the '"slightly rounded condition
and to get applied to the skin. E ectrode was placed on
the previously cleaned area, pressing slightly. The excess
of paste which oozed out fromthe el ectrode hol es and
sides was cleaned with dry cotton. Then Johnson adhesi ve
of 2 x 2 cns approximately was used to hold the el ectrode
into firmcontact all around.

E ectrode pl acenent was as fol |l ows: -

Red : (+) signal, to high forehead.

Wiite:(-) reference, at right nmastoid of the test ear.

Bl ack: Qound, at left nastoid of the nontest ear

The electrode end of the preanplifier patient electrode
cable was attached to the bed surface near the head and
held in position with adhesive plaster. Each el ectrode was
pl ugged into the correspondi ngly col oured receptacle on

the patient electrode cable fromthe preanplifier.
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Preanplifier was positioned in a convenient |ocation
and was plugged with the 3-pin patient electrode cable
plug into the corresponding preanplifier receptacle (they
have bl ue col our code).

Preanplifier and the ERA were interconnected by neans of
the cabl e and receptacl es which are col our coded (Yellow.

Headphones were placed and the head set was positioned
In such away that it was confortable to the patient.
Power and scope buttons were pressed. The preanplifier
high input |ight was checked. If the red |ight was on
continuously, the various factors such as inproper ele-
ctrode attachnents, excess nuscular activity on the part
of the patient (if he was unconfortable), possible neck
nuscle strain and swal |l owi ng, were checked to elimnate
the preanplifier high input |ight.

ERA was set as foll ows:

* TWH RUN EEG was kept on RUN

* Stimulus frequency on 2 KHz, 20 pul ses per second
and 10 M5 sanple tine.

* The scale switch on 2048 sanples and 0.2 uV/ D V.

* Stimulus Intensity 80 dB HL (Subsequent tests were
done at 100 dB HL, 80 dB HL and 100 dB HL) .

* CLEAR was pressed and then AIR RI GHT.

Preanplifier was rechecked, when there was no indication
of high input START/STCP was initiated for operation.

The sanple was rejected when

1) an automatic stop occured before 2048 sanpl es.

2) Wen rapid averagi ng of anplitude was observed, a four
di vi sion nmarker was observed at the left side which
as test progresses and trace reaches full oscill oscope
anplitude, a two division marker and finally one
di vi sion was observed. |f one division was observed

bef ore 500 sanples or not observed even when 2048 sanpl es

wer e achi eved.
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Wien adequate sanpl es and divi si ons were observed,
the final recording was done by pressi ng RECORD button
(the oscill oscope trace, representative of the patient's
BSER for test parameter was recorded on the plotter by
tubul ar pen).

| to V peak | atency readings were noted down with the help
of latency cursor.

By pressing the CLEAR button sad changing the intensity
to 100 dB HL, after adequate sanpling and averagi ng,
next recording was done. Simlarly, averaged brain stem
responses were recorded at 80 and 100 dB H. for the
second tine. Anmplitude of BSER was determned fromthe
plotter. To determne the anplitude of the subjects
BSER in mcrovolts, the nmarker anplituder N, was noted
indivision of 1, 2 or 4. For finer analysis each was
further divided into 10 divisions with the help of tra-
veling mcroscope. Scale switch anplitude is noted
i.e. .2/IMdiv. For exanple a trace feature is 2.5
division high and the narker is 1 division high and
the scale switch is set to .2 /IV/div.
T=2.5
M = 1 BSER = TS = 25 x .2
S = .2 M

.500 uVv

Al'l the subjects were tested in the above manner.
In a pilot study 15 ears were tested and 109 recordi ngs
done, of which 50.46%were fulfilling the criterion set to
accept as sanple, 38.53%were not averaged and 11.01%
showed rapi d averagi ng. Besides this, the norphol ogy
and ot her stinulus paraneters were not consistent. Instru-
ment was calibrated time and again, earthing was checked,
the only probl em seened to be power fluctuation, the
Keltron Stabilizer did not seemto be strong enough to
absorb the fluctuation, as whenever there was fl uctuation,
It was seen on the oscilloscope representati on of the
response. A high power stabilizer was then utilized to
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give a steady flowand it was ensured that a constant
flow of 230 volts was comng, and stepped down to 110
volts for the TA - 1000 ERA. Then the responses were
consistent. Finally 28 ears were tested, of which 8
were rejected as they did not fulfil the required sam
ple or other criterion set. O the 8 rejected, 45
recordi ngs were done, 33.33%did not get averaged.

13. 33%were arranged properly and 53. 34% showed rapi d
averagi ng, 2 showed abnornmal norphol ogy and 3, predom n-
antely femal es, showed high input despite ruling out al
possi bl e factors which could lead to this, like |oose
contract, bad earthing etc. O the 20 ears taken as
sanpl e, 122 recordi ngs were done. 65.57%were adequately
sanpl ed and averaged, 12.20%were not averaged, 10.65%
were rapidly averaged and 11.58%were not adequately
sanpl ed.

The data was anal ysed using appropriate statistical
nmet hods. ANOVA. 2 (intensities) x 2 (sex) X 2 (sessions)
was used to see the significant differences and Test -
retest reliability was found using product nonent co-
efficient of correlation. For data analysis DEC system
a -10 Forton conputer systemat Tata Institute of
Fundanent al Research, Bonbay (which has integrated SPSS
progran) was used. Statistical Package for the Soci al
Sciences (SPSS) is an integrated systemof conputer
prograns designed for the analysis of social science
data (Ne et al. 1981). The systemprovides a unified
and conpr ehensi ve package that enables the user to per-
formmany different types of data analysis in a sinple
and convenient manner as well as flexibility in the
format of data. The workspace is 2688 words, transpace
384 words, and allows 14 transformations, 59 record val ues
plus Lag variabl es, and 238 | F/ conpl ete operations.
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Fol | owi ng prograns for analysis were utilized from SPSS
conput er prograns.

1) ANOVA : LAT 1 to LAT 5 BY SEX (1,2), SESS (1,2),
INT(1,2),
| NPUT FORMAT: FI XED (12, 3F 1.0, 6F 5.0).
2) ANOVA : AW 1, AW 2, AW 3 BY SEX (1,2), SESS (1,2)
INT (1,2).
| NPUT FCRVAT:  FI XED (12, 3F 1.0, 6F 3.0).
3) ANOVA  : IW 1, IW 2, IW 3 BY SEX (1,2), SESS (1,2)
INT (1,2). and
4) ANOVA : RAWP 1, RAVP 2, RAWP 3 BY SEX (1,2), SESS (1,2),
INT (1,2).

- INPUT FORVAT: FIXED (12, 3F 1.0, 6F 4.0).

5) PEARSON CCRR LATAl1 TO LATAG6 with LAT Bl to LAT B6
I NPUT FORVAT: FIXED (12, 3F 1.0, 6F 5.0/.5 x, 6F 5.0)

6) PEARSON CCRR AW Al to AMP A3 WTH AWMP Bl to AWP B3
| NPUT FOCRVAT:  FIXED (12, 3F 1.0, 3F 3.0/5x, 3F 3.0)

7) PEARSON CCRR W A1 TOIW A3 WTH IW Bl TO IW B3.
8) PEARSON CORR RAWP Al TO RAW A3 WTH RAWMP Bl to RAWP B3
| NPUT FORVAT:  FIXED (12, 3F 1.0, 3F 4.0/5 x, 3F 4.0).



- 38 -

CHAPTER |V
DATA. ANALYSIS. RESULTS AND D SCUSSI ON

The present chapter is discussed under the follow ng
headi ngs.

1) The Raw data
2) The Means
3) The Range
4) 2 x 2 x 2 ANOVA
Rel ati onshi p between
1) two intensities
1) two sexes
Iii) tw sessions for a) Absolute |atency
b) Absol ute anplitude
c) Interwave | atency
d) Relative anplitude

5) Correl ations:
Test-Retest reliability of
a) Absol ute Latencies
b) Absol ute anplitudes
c) Interwave |atencies
d) Relative anplitudes
6) Standard deviation, cross-product deviation and
covari ance.

7) Conparison of the present results with the results
of previous studies.

1) The Raw dat a:

Tables 4 to 9 give the values for absolute |atency (ns),
interwave | atency (ns), absolute anplitude (cm, and
relative anplitude (nmm) for different intensities, sexes
and sessi ons.
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2) The Means:

Means reflect the central tendency of the data. From
table 9 it is clear that there is hardly and differences
bet ween the nean val ues, but fenales on the whol e show shorter
| atencies than nmales, and with increase in intensity there
Is decrease in latency. Reverse is seen in anplitude behavi or
table 10, the fenal es have higher anplitudes than that of
the nmales. Wth the increase in intensity there is a ten-
dency for the increase in anplitude. Here again, sessions do
not make much of difference for peak I11.

The interwave | atency (Table 10) though showi ng simlar
picture as Table 9, the differences are mninmal except for
V-1 interwave |atency. For relative anplitude al so variations
are | ess.

Breaking the main factor for two way (Table 11 and 12)
and three-way interaction (Table 13) the picture is simlar
as above (Table 9 and 10) but the nean differences becone
snal ler and snal |l er.

3) The Range:

Tabl e 14 shows that for absolute |atency, there is no
overl ap except for upper limt of peak IV and lower limt
of peak V, for nmales and fenmales at 80 dB. Males at 100 dB
have w der interwave than interwave |atencies. |n case of
anpl i tude there does not seemto be any pattern, unless one
considers the upper limts which show there is distinction,
there is overlap hut to a | esser extend when conpared to
lower limts. There is not much difference in the range
of peak I and |1l whereas V does show a marked i ncrease
fromthese two.
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ABSCLUTE LATENCY
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| NTENSI TY  PEAK I |1 [ 11 |V V
SEX
MALE 1.0-1.5 1.8-2.4 3.0-3.5 4.1-4.6 4.5-5.4
80 dB
FEMALE 0.9-1.5 1.9-2.5 2.9-3.3 3.9-4.6 4.6-5.2
MALE 0.7-1.1 1.4-2.2 2.83.1 3.9-4.6 4.6-5.2
100 dB
FEMALE 0.7-1.1 1.4-2.3 2.4-3.0 3.4-4.3 4.4-4.9
ABSCLUTE AMPLI TUDE
PEAK I 11 V
SEX
MALE 0.2-0.8 0.3-1.2 0.8-1.8
80 dB
FEMALE 0.4-1.2 0.3-1.8 0.7-2.4
MALE 0.3-1.2 0.3-1.5 0.7-2.6
100 dB
FEVALE 0.5-1.9 0.4-2.3 0.9-2.4
Tabl e: 14: Range of Absolute | atency and Absol ute anplitude
over two sessions for 80 and 100 dB stimuli in nal es

and females (N = 40).
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To test the differences between the neans whet her signi -
ficant or not, 2 (sexes) x 2 (sessions) x 2 (intensities)
ANOVA was applied. Tables 15 and 16 give the summary of the
analysis for main effect, two-way and three-way interactions
for absolute |atency and absol ute anplitudes respectively.

For absolute |atency, all main effects taken together
are significant, P < .0001. Each main effect |ike sex was
significant for peak Il, P <.005; Ill and IV, P < .05;
and V, P<.01; thus for these peaks neans of femal es do have
significantly shorter |atencies. D fferences between nean
| atency val ues for two intensities 80 dB and 100 dB, for
peaks | to Vare significant, P < .001l. Thus with increase
in intensity there is significant decrease in |atency. The
main effect of sessions are not significant, thus indicating
honogeneous sanple. Besides this none of the two-way and
three-way interactions were significant.

Absol ute anplitude val ues when taken together, the nain
effects, are not as significant as |atencies except anplitude
I, P<.01. For main effects, the anplitudesof | and Il peaks
for the two sexes are significant, P<.01; thus the fenal es
have significantly larger anplitudes than the mal es for peak
| and I11. Considering intensity as main effect, only anplitude
1 was seen as significant, P< .05. Thus with increase in
intensity anplitude of | peak only shows significant increase.
Sessions nain effect as two-way and three-way interaction were
not significant.

As observed in Table 10 and 12, the nean val ues for inter-
wave | atencies and relative anplitudes are small, thus only the
main effects were studied. Table 17 gives the summary of the
anal ysis of variance. Considering the main effect intensity
only interwave latency V-1 is significant, P<.0001, thus
with increase in intensity there is statistical significant
decrease. Relative anplitude V/I was significant for main
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effect with regard to sex, P <.001, i.e. fenal es have
significantly shorter relative anplitude V/I was significant
P <.025 i.e. with increase in intensity there was signifi-

cant decrease in relative anplitude V/I.
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5) Correlations and Test re-test reliability:

Test re-test reliability was established by Pearsons
product nonment correlation coefficients, N= 40, 20 subjects were
retested for two intensities on different sessions.

Absol ute latencies were found to be nore reliable than the
Interwave |atencies (Table 18). Al the absolute latencies | to V
obtained in the two sessions have good correlation. The |atencies
of peaks Ill, IV and V have correl ation values of 0.74, 0.90 and
0.89 respectively. Al are significant at P<.0001. O the
ot her hand, interwave |atencies, though on face val ue show

greater reliability, have less correlation values r = .62, P<.0001,
for 1-V, r =35, P<. 001 for I-11l andr =.49, P<.001 for I1I-1V.
Goss correlation between | and I'I, 111, 1V and V show successi ve

decrenent in correlation- show ng that each wave is an independent
factor but the same is not true of interwave |atencies.

Absolute anplitude is less reliable than the | atencies.
Rel ative anplitude is less reliable than the absol ute anplitude.
Absol ute anplitude for peak Il (r = .85, P<.001) is nore reliable
than the absolute anplitude of Peak | (r = .74, P <.0001) and ab-
solute anplitude of peak V (r = .47, P<.001) (Table 19). Relative
anpl i tude have poorer reliability, of themlI/Ill (r = 48, P<.001)
is nore reliable than I11/V (r = .41, P< .004) and I/V (3 =37
P <.01).

6) Standard devi ation. cross Product devi ation and covari ance:

Standard deviation for all dependent variabl es was conputed

across sex and intensity. N =40, for sessions | and Il. It is
clear from T Table 20, that SD except for relative anplitude does
not exceed .50 - indicating there is not nmuch variation in the

results when tested tw ce.

O oss product deviation and covari ance val ues were al so
conputed across sex and intensity for all dependent variabl es
(Table 21 and 22).. Covariance reflects the honogenity anong the
vari ables or of regression. The values are very |lowreflecting
that the data is honbgeneous. Al so, the cross product deviation
reflects the deviation between the two sessions, here again the
val ues are | ow
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Low val ues of standard deviation, cross product

deviation and covariance reflects that the sanple is

honogeneous and can be pool ed together - this was to
counter-check the nain effect of session in ANOVA
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ABSCLUTE LATENCY

SESS ||
| | 111 AY; \Y;
SESS |
0. 873 0. 604 0. 650 0. 476 0. 330
|
p<. 0001 P <0001 P <0001 P <00l P <019
0. 597 0.737 0. 550 0.533 0. 556
|
P< 0001 P<r.0001 P< .0001 P<.0001 P<.0001
0. 635 0. 454 0. 742 0. 651 0.538
1]
P<.0001 P <002 P<.0001 P<.0001 P<.0001
0. 527 0. 5401 0.672 0. 895 0. 688
|V
P<. 0001 P <0001 P<.0001 P<.0001 P<.0001
0. 358 0.387 0.563 0. 661 0. 8939
V
P<.0l2 P<.007 P<.0001 p<.0001 P<. 0001
| NTERWAVE LATENCY
SESS Il 1-111 111-V V- |
SESS |
. 0. 347 0.374 0.783
p<.001 P< .009 P<.0001
1oy 0. 312 0. 493 0. 449
P<. 025 P<.001 P<.002



0.675 0. 475 0. 623

P<. 0001 P<.001 P<. 0001

Tabl e 18: Pearson correlation coefficients of Absol ute
| atency and Interwave |latency for | to V,
[-111, IIl-Vand V-1 between session | and I
inns (N=40).



ABSOLUTE AMPLI TUDE

SESS || |

[ 11 \Y
SESSI
0.744 0. 559 0. 413
|
P<. 0001 P<. 0001 P <. 004
0.617 0. 851 0. 368
1]
P <. 0001 P <. 0001 P<. 010
0. 367 0. 407 0. 470
V
P<. 10 P <. 005 p<001
RELATI VE AVPLI TUDE
SESS 11 WARN 11/ V 1/V
SESS |
WARN 0. 484 -0. 430 0. 153
P < .001 P < .003 P<.173
111/V -0.250 0. 417 0. 255
P <.060 P <.004 P<. 056
[ /v 0. 270 -0.126 0. 370
P <.046 P< .219 P<. 010

Tabl e 19: Pearson correlation coefficient of Absolute
anplitude and Relative anplitude for 1,11l and
V. I/, 111/Vand |/V between session | and
Il (N=40).
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ABSCQLUTE LATENCY SESS | SESS |1
I 0.20 0.21

I 0.26 0.29

1] 0.20 0. 20

|V 0. 23 0. 22

\% 0.22 0.23

ABSCLUTE AMPLI TUDE

I 0.32 0.34
11 0.47 0.43
\% 0.42 0.42
| NTERMVE LATENCY

I-111 0.20 0.20
[1-Vv 0.20 0.24
V-1 0.24 0.23

RELATI VE AMPLI TUDE
/111 0.61 0.79
NEWAY 1. 06 1.15
1 /V 1. .34 1.05

Table 20: Standard deviation for Absolute |atency in ns,
Absolute anplitude in cm Interwave |latency in
ms, and Rel ative anplitude (N = 40).
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sEss P eEss 1| DEVI ,IZT| o VAR ANCE
LAT | | 1.37 0.04
. | 1.35 0.04
111 1.01 0.03
|V 0.84 0.02
V 0.59 0. 02
LAT 11| | 1.26 0.03
. | 2.21 0.06
111 1. 14 0.03
|V 1. 26 0.03
\Y 1.33 0.03
LAT 111 I 1.03 0. 03
. ' 1.05 0.03
11 1.19 0.03
|V 118 0.03
V 0.99 0.03
LAT 1V | 0.96 0.02
. || 1. 40 0.04
111 1.21 0.03
IV 1.83 0. 05
V 1. 42 0.04
LAT V | 0.63 0.02
| 0.97 0.03
111 0.98 0.03
|V 1.31 0.03
\ 1.79 0. 05

Tabl e 21: G oss-product deviation and covari ance of

absol ute | atencies |

Il in nmsec.

to V between session |

and
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VAR ABLES CROSS PRCDUCT
SESS | SESS || DEVIATION  COVAR ANCE

ABSOLUTE AMPLI TUDE

| | 3.18 0. 08
111 3.02 0. 08

V 2.16 0.06

111 | 3.81 0.10
" 111 6. 64 0.17
v 2.78 0.07

V | 2.02 0. 05
h 111 2.83 0. 07
v 3.17 0.08

Tabl e 22: O oss-product deviation and covari ance
of absolute anplitude I, Il andV
between session | and Il in cm
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7) Conparison_of the present results with results of
previ ous studi es:

Comparison in true sense of the word is not
possi bl e unless, if not same, simlar environnment i.e.
test condition, stimulus variable, subject variables
etc., are naintained.

The absolute latency of all conponents decrease
with increase in intensity. The follow ng ABR | at ency
V/ISintensity table is from starr and Achor (1975).

It represents |atency, for nmonoaural stimnulus, at
various sensation levels to an 0.2 ns pul se through
TDH -39 ear phone, which results in a short danped
oscillation having essential characteristics of brief
250 Hz tone pip - simlar to the one used in present
st udy.

dB | |1 11 IV V

Starr and Achor 45 2.7 3.6 4.3 54 6.0

(1975)
55 1.8 30 39 50 58
65 16 2.8 38 48 55
75 14 2.4 37 46 54
Present study 80 12 22 31 43 50

100 .9 19 29 41 A48

This the present study abides with the rule that
| atency decreases with increase in intensity.

The interwave | atency behavior in a smlar
manner - a study by Rosenhamer et al. 1978, gives
the followng results for males and fenual es.
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| NTERMAVE
MALE FEMALE
LATENCY 60 80 dB 60 80 dB
I - 111 2 31 2 31 2.21 2.23
1 - v 2.02 203 198 1. 93
V- | 4.33 4.34 421 4.17
PRESENT
STUDY 80 100 dB
|- 11 1.92 1. 80
-V 1. 80 1.87
V- | 3.85 3. 52

Stockard et al. (1979) found |-V interpeak |atency
decreases from4.02 ns at 70 dB SL to 3.68 ns at

30 dB. Rowe (1978) al so observed mninal changes in

i nterwave | atency when stinmulus intensity was decreased.
Stockard et al. (1979) found interwave | atency val ues

for wave |I-111 and |-V shorter at |ower stimulus in-
tensity than wave II11-V - this was not observed within
the study probably because Stockard referred to 30 dB
and 70 dB sensation levels. In the present study

hi gher intensity stinulus was used.

Absol ute anplitude changes with intensity.
Picton et al (1982) states that the absol ute anplitude
decreases bel ow 20 dB and i ncreases nore slowy above
70 dB. They report that with high pass filter of 100 Hz,
Wave V anp decreased from0.6 uV at 70 dB to 0.3 uV at
20 dB. In the present study it decreased from .312 uV
at 100 dB to .286 uV at 80 dB.
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Stockard (1975) observed that 30 dB reduction
in stimilus intensity was associated with a 33%
decrease in anplitude at the 1V-V conplex while the
sane reduction in intensity was associated with a 90%
decrease in wave | anplitude - consequently relative
anplitude (V1) ratio increased with decreased stinmulus
intensity. Rosenhaner et al. (1978) found V/1 to be
between 1.5 and 2.53 and /Il to be between 1.40
and 1.72 for 80 and 60 dB SL. In the present study,
the relative anplitude viz. V/I and V/I11 for 100 dB
stimul us have been found to be 2.2 and 1.97 respectively-
the relative anplitude viz. V/I and /111 for 80 dB
stimul us have been found to be 2.77 and 1.98 respecti ve-

Adult fenal e subjects have significantly shorter
| atencies for wave Il and V for clicks. Many studies
(K aer 1979; Jerger and Hal | 1980, Mecl eans et al 1980)
have reported a latency difference (difference between
mal es and fenal es regardi ng peak V | atency) ranging
from0.05 to 0.36 ns. Rosenhamer et al (1980) found
significant latency differences between nales and fenal es

of the order of 0.15 ns (wave |), 0.25 ns (wave I11)
and 0.30 ns (wave V). In the present study the val ues
are: .03 nms (wave 1), .06 ns (wave II1) and .08 ns (wave V).

Beagl ey and Shel drake (1978) have found the difference
for wave V between nmal es and females ranging fromO0.2 ns
to 0.4 ns. Thorton et al. (1978) have reported a

| atency difference of 0.25 ns (wave V) between nal es

and femal es.
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Interpeak |latency is about .21 shorter for
femal e subjects (Stockard et al. 1979); whereas
Rosenhaner et al. (1980) found interwave difference

of .8, .10 and .17 and 80 dB for I-111l, IIl-Vand |-V
respectively. In the present study interwave differ-
ence values are: .20, .20 and .50 for I-II1l, I1l1-V

and V-1 respectively.

The hi gher val ues of the present study may be
due to the high intensity of the stinmulus used.

Test-Retest reliabiiity:

Thorton (1975) and Rosenhaner (1978) showed
good test-retest reliability for latency. The present
study al so shows good test-retrest reliability for
absolute latency. Al the correlations were above
+.73, P <0001, ranging from.73 to .89. But the
sane is not true of absolute anplitude, their range
is from .47 to .85. This though significant above
P < .001, they are not as reliable as absol ute | atencies.
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CHAPTER V.

SUMVARY AND CONCLUSI ON

Several clinics use ABR audionmetry in audi ol ogi cal
and ot oneurol ogi cal diagnosis. Abnormalities along the
auditory pathways result in tenporal and norphol ogi ca
variations fromthe normal pattern, enabling reasonably
accurate diagnosis of acoustic neurom, cerebropontine
angle tunmour etc. The neticulously controlled recording
techni que and establishnment of the normal interwave
and intrawave subject variability are crucial because
the interpretation of the results depend upon them

The present study was undertaken with the aim
of establishing accurate nornms for the patient's ABR
data, considering intensity of the stinulus and sex of
the patient. Interest was focused on absolute |atency,
i nterwave | atency, absolute anplitude and relative
anplitude. The study also included the establishnent
of test-retest reliability of these response paraneters.

Latency is relatively an easy measurenent especi-
ally in clinic oriented ABR audi onetry, as conpared
to anplitude neasurenent which is nore vague. To be
nore preci se about the anplitude neasurenent, an easy
nmet hod was devel oped. The graph paper which is scaled
in cns. each cmrepresenting 0.200 uV, was further
divided into 10 mm and the data was analysed in the
sane unit (mm . Convertion into uV is possible by
using the convertion table (Appendix |).

Regarding the effect of intensity of the stinmulus
on the latency of ABR, it is clear that there is
consi stent and significant |engthening of |atency of
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all the five waves with the reduction of stimlus
intensity. This is in coherence with the studies done
by Hecox and Gal anbog, 1974; Starr and Anchor, 1975;
Toller et al. 1976 Picton et al. 1977; (Gl anbos and
Hecox, 1978; Beagl ey and Shel drake, 1978; Coats, 1978;
Rosenhanmer et al. 1980. The above rel ationship was
also true for interwave |atency. This is in agreenent
with studies done by Stockard and Rossiter, 1977; Qlroy
and Lynn, 1978; Rowe, 1978; Chiappa et al. 1979;
Rosenhaner et al. 1979; Bergholtz, 1981. |n general,
anplitude and relative anplitude tended to increase
with intensity though the intensity - anplitude
function was not as consistent and significant as that
of latency - intensity function. This is in consonance
with the studies of Starr and Achor, 1975; Tollner et
al . 1976; Pratt and Sohner, 1977 and Picton et al. 1981.

In the present study, sex did not yield signifi-
cant differences at intensity | evel, though when inten-
sities were pooled they did. Fenales at both inten-
sity level do yield shorter |atency values, which is
I n accordance to findings of Beagley and Shel drake, 1978;
Kjaer, 1979; Mcha et al. 1980 and Rosenhaner, 1980;

t hough significant differences were observed by Beagl ey
and Shel drake (1978) in sex-latency function.

Good test-retest reliability is indicated by
Thorton (1975) and Rosenharer et al. (1978) for |atencies.
In the present study simlar findings were obtained. The
correlation coefficients for reliability of interwave
| atencies and relative anplitudes were however not very
hi gh.
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The study was carried out in a sound treated room
at Audi ol ogy Departnent, AIlISH Msore. Twenty (10
mal es and 10 fenal es) normal hearing subjects were
tested. As stated in methodol ogy, subjects were in
supi ne position and three el ectrodes were used - active,
ground and reference. ERA - TA - 1000 was used, |ogon
tone was fed through right earphone of 2 K Hz, 20 pul ses
per second, with 10 ns sanple tine and 2048 sanpl es
were collected. The intensity of tone was 80 dB, then
100 dB, this conprised one session, then again the
sane intensities were repeated for second session with
no tine interval inbetween.

The response characteristics studies were Absol ute

|atencies | to V, Absolute anplitude I, 11l andV,
I nterwave | atencies I-I1I, Il11-V and V-1, and relative
anplitudes I/HI, 11I/1V and I/V

Data was anal ysed usi ng DEC system 10, a Forton
conputer system wth integrated SPSS prograns, ANOVA
and correlation progranms were used for this study
(cf, pg.36).

Fol | owi ng norns were obtained, and can be used
for TA-100-ERA, at 2000 Hz for 2048 sanpl es.

1) For Absol ute Latencies:

| NTENSI TY PEAKS I N M5
dB I |1 1 A V
80 dB x 120 221 3.17 4.33 4.95
SD .15 .20 .13 .16 21
100 dB 0.92 1.88 2.90 411 4.76

SD .10 .24 .17 .23 .19
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2) For Absol ute Amplitude.

PEAKS I N CM\B.
| NTENSI TY (dB) | ] Y
X o061 0.86 1. 43
80 dB
SD .27 .39 .36
X 0.80 0. 94 1. 56
100 dB
SD .35 .49 .43
3) For Interwave Latencies.
WAVES | N M5
| NTENSI TY' (dB) =111 L11-V V-
X 19 1. 80 3.52
80 dB
SD .23 .18 .27
1.97 1. 87 3.85
100 dB
sD .19 .20 .19
4) For Relative Anplitude.
| NTENSI TY WAVES
dB 1 /111 HENAY |/ V
X 15 1. 98 2.77
80 dB
SD . 68 1. 10 1.38
X 127 1.97 2.20
100 dB
SD .67 1. 08 . 88
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Fol  owi ng concl usions are drawn fromthe study:

1)

2)

3)

4)

5)

There are significant differences between the absol ute
| atencies of peaks | to V obtained at two intensities.
The differences are as follows: .28 ns (1), .33 nms(l1l),
27 me(111), .22 nst.1V) and .19 ms(V). The latencies
obtai ned for 100 dB stimulus are shorter than the

| at enci es obtained for 80 dB stinul us.

There are significant differences in absolute latecies II
to V between two sexes when intensities and sessions

pool ed. The differences are as follows: .04 ns(l),

15 ms(11), .07 me(II1), .10 nms(l1V), and .10 ns(V).
Fermal es have shorter |atencies than the nal es.

There are no significant differences between absol ute
| at enci es obtained in two sessions. The differences
are nil for wave | and IIl, mnimal inll (.03 ns),
IV (.02 ns) and V (.03 ms). The latencies are pro-

| onged in second session.

There are no significant differences in absolute
latencies | to V between nales and fenales at 80 dB

and 100 dB. The differences between nal es and fenal es
are as follows: .04 ns and .04 ns (1), .16 ns and

.16 ns (I1), .04 and .10 ns(lll), .06 nms and .12 ns (IV)
.08 ns and .12 ns (V) at 80 and 100 dB respectively.
Femal es show shorter latencies than nales at both

the intensity |evels.

There are no significant differences between absol ute
|atencies | to V. The difference between two sessions
at 80 dB and 100 dB respectively are .003 ns and .01 ns
(1), .01 ms and.06 nms (I1), .01 nms and .02 ms (II1),

.00 s and .02 ns (1V) and .04 ns and .03 ns V, The

| atenci es are prolonged in second session (though very
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6)

7

8)

mninmal) except wave Il at 80 dB where it is reversed,
and no changes are seen in wave | and IV at 80 dB
bet ween sessi ons.

There are no significant differences for absolute |atencies
| to V between nales and fenmales in tw sessions. The
differences are as follows: .02 ns and .04 ns (1),

.11 ns and .07 ms (11), .09 ns and .05 nms (II1),

.07 ns and .12 ns(1V) and .10 ns and .09 ns (V). The

| at enci es are prolonged for nal es (except wave 11).

There is no systenatic change in the two sessions. The
differences are nore in absolute |atencies of session

two for wave | and IV, whereas inverse is true for the

r enmai ni ng.

There are no significant differences in absolute

| at enci es between nal es and fenmal es, at 80 dB and 100 dB
In session one and two. The differences are as fol |l ows:
.01l ms and .05 ms (1), .14 ns and .18 nms (I11), .06 ns
and .01 ns (IIl), .06 ns and .08 ms (1V), .08 ns and

.04 ns (V) at 80 dB, between sexes. At 100 dB the
differences are: .02 ns and .06 ns (1), .11 ns and .15 ns
(rr), .09 ns and .11 ns (I11), .10 ns and .15 ns (1V),
.10 ns and .14 ns (V) between two sessions. n the
whol e, fenal es have shorter latencies and this differ-
ence is nore in session Il at both intensity |evels,
except wave |1, where inverse is true.

There are significant differences in interwave |atencies
obtained at two intensities. The differences are as
follows: .33 ns (V-1), .05 ns (I-11l) and .07 ns (111-V),
the latter two are not significant. At higher inten-
sities interwave | atencies are decreased.
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9) There are no significant differences in interwave

latency I-111, I1l-V and V-1 between two sessions.

The differences are as follows: .03 ns (I-111),

.04 ms (I1l-V) and .06 ms (V-1). The interwave | aten-
cies are larger in session two for Il1l1-V and V-I

and shorter for I-111I.

10) There are no significant differences in interwave
| atencies I-111, I11-V and (V-1) between males and
femal es. The differences are as follows: .02 ns,
.02 nms and .05 s respectively. The interwave
| at enci es are shorter for fenmales.

11) There are no significant differences between interwave
| atencies for males and females at 80 dB and 100 dB.
The differences between sexes are as foll ows:
.01 ns and .09 ns (I-111), .02 ns and .02 ns (I11-V)
and .03 ns and .07 ms (V-1) for 80 dB and 100 dB
respectively. Fenmales show shorter interwave | aten-
cies than the males at both intensity | evels.

12) There are no significant differences in interwave
| at enci es between sessions at 80 dB and 100 dB.
The di fferences between two sessions at 80 dB and
100 dB are as follows: .01 ns and .09 ns (I-111),
.09 ms and .02 ms (IIl-V) and .09 nms and.03 nms (V-1).
The interwave |atencies are larger in second sessions
at both intensities |evels except for I-I11.

13) There are no significant differences for interwave
| at enci es between nmales and fenmales in two sessions.
The differences are as follows: .04 nms and .01 ns (I-111)
.01 ms and .05 nms (I11-V) and .08 ns and .10 ns (V-1)
between mal es and femal es for session one and two. The
interwave | atencies are larger for nmales in both the
sessi ons.
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15)
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There are significant differences in absolute
anplitudes of wave |, Il and Ill obtained at two
intensities. The differences are: .19 cm (1),

05 em(I11) and .13 cm (V). On the whole with
increase in intensity there is increase in

absol ute anpl it ude.

There are no differences in absolute anplitudes

of wave I, 111 and V between two sessions. The

16)

17)

18)

differences are as follows: .07 cm (1), .07 cm (V)
and nil for wave I1l. The anplitudes are depressed
I N session two.

There are significant differences in absolute
anplitudes of waves | and Il between two sexes.

The differences are: .22 cm (I) and .25 cm (II11);
wave Vis .03 cm which is not significant. Fenales
have hi gher anplitudes than the nal es.

There are no significant differences in absolute
anpl i tudes between nales and fenales at 80 dB

and 100 dB. The differences between nal es and
females are: .21 cmand .22 cm (1), .21 cmand .28 cm
(111) and .01 cmand .05 cm (V) at 80 dB and 100 dB
respectively.

There are no significant differences in absol ute
anpl i tude between the two sessions at 80 dB and

100 dB. The differences between sessions are:

.01 cmand .10 cm(1), .02 cmand .04 cm (111)

and .02 cmand .09 cm (V) at 80 dB and 100 dB
respectively.
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19) There are no significant differences in absol ute
anpl i tude between nales and fenales in tw sessions.
The differences are as follows: .21 cmand .22 cm (I)
.32 cmand .19 cm (IIl), .04 cmand .03 cm (V)
bet ween nal es and fenal es for session one and two.
Femal es have larger anplitudes in both the sessions
except wave V in session one (where the inverse,
true).
20) There are no significant differences in absolute
anpl i tude between nales and fenales, at 80 dB
and 100 dB in tw sessions. The differences are
as follows: .23 cmand .20 cm (l), .21 cmand .22 cm
(1), and .08 cmand .09 cm (V) at 80 dB and

.16 cmand .25 cm (1), .09 cmand .61 cm (II1),
.00 cmand .10 cm (V) at 100 dB between nal es and
females in two sessions. In all instances fe-

mal es have | arger anplitudes except wave V of
session one at 80 dB where reverse is true and
at 100 dB no differences were observed.

21) There is significant difference between rel ative
anplitude 1/V obtained at two intensities, the
difference obtained is .57. S mlar behavior is
seen in relative anplitudes I/111 (.25 and III/V
(.01) but they are not significant. Relative
anpl i tude decreases with increase in intensity.

22) There are no significant differences in relative
anplitude /111, III/V and |/V obtained in two
sessions. The differences are as follows: .11
(r/srery, J16 (Hi/vy), and. 02 (I/v). There is
increase in relative anplitudes I/11l and I/V
In session two and decrease in relative anplitude



23)

RWAY

24)

25)

26)

_ 18-

There is significant differences between relative
anplitude I/V obtained between two sexes, the
difference obtained is .84. Simlar behavior in
relative anplitude is seen in I/IlIl (.36) and

(.11) which is not significant, but males
have higher ratios than fenales.

There are no significant differences in relative
anpl i tudes between nales and females at 80 dB

and 100 dB. The differences between sexes obtained
for 80 dB and 100 dB are as follows: .25 and .14
(r/rrr)y, .03 and .35 (111/V) and 1.03 and .65
(1/V). Males have higher ratios at both intensity
| evel s.

There are no significant differences in relative
anplitude obtained in the two sessions at 80 dB
and 100 dB respectively. The differences between
two sessions for 80 dB and 100 dB are as follows:
.01 and .10 (I/111), .11 and .21 (II1I/V) and .13
and .18 (I/V). The relative anplitude ratios are
hi gher in session one for conmponents II1/V, I/V
at 80 dB and 111/V at 100 dB; in the remining
reverse is true.

There are no significant differences in relative

anpl i tudes between males and females in two

sessions. The differences are as follows: .09 and
.12 (1/111), .65 and .06 (lil/V), .08 and .62

(1/V) between sexes for session one and two. The

relative anplitude ratios are larger for males

in both the sessions.
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27) There are significant correlations for the response

paraneters, viz. absolute |atency, absolute anpli-
tude, interwave |atency and relative anplitude.

The test-retest reliability is good for absolute

| at enci es and absol ute anplitudes, and not so

good (though significant) for interwave |atency and
relative anplitude.

Limtations of the study:-

1)

Al t hough the nunber of sanples selected for aver-
aging was 2048, the systemused to reject the
sanpl es whenever there was high input. There was
no access to note the nunber of sanples rejected
by the systemduring a test run.

Stinulus paraneters |ike derived responses, stinulus
transduction, tone-onset responses etc. could not
be determ ned.

There was no objective way of neasuring the
anmpl i tudes.

The normative data established in this study is
limted to 20 subjects with age range.

The subjects who were willing to undergo the test
were included in the study, and hence random zation
was not possi bl e.

Recommendati ons:

1)

It would be desirable to collect nore data using
different intensities andfrequencies of |ogon
stinul us.
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2) It may be worthwhile to study the effects

of different samples viz. 1024 and 4096.

3) Norms of ABR for different age groups need to
be established.



REFERENCES

Amadeo, M, Shagass, C Brief latency click-evoked
potentials during wal king and sleep in man.
Psvchophvsi ol 10: 224-250, 1973.

Achor, L.J., Starr, A Auditory brain stemresponses in
the cat. |. E ectroenceph din Neurophysi ol
48: 154-173, 1980 a.

Achor, L.J., Starr, A Auditory brainstemresponses in
the cat. Il1. Hectroenceph Ain Neurophvsi ol
48: 174-190, 1980 b.

Arlinger, S. Technical aspects of stinmulation, recording
and signal processing. Scand Audiol 13:
41-54, 1981.

Beagley, HA , Sheldrake, J.B. D fferences in brain-stem

response |atency with age and sex. Br J Audi ol
12: 69-77, 1978.

Bergholtz, E. Normative values of clinical ABR Scand
Audi ol 13: 75-82, 1981.

Biondi, E., Gandori. A nodel for the auditory evoked
brai nstemresponses. Scand Audiol 7: 81-87, 1978.

Borg, E. Physiol ogi cal nechanisns in ABR Scand Audi ol
13: 11-22, 1981.

Buchwal d, J.S. Generators of auditory evoked potential s.
In Mbore EJ: Handbook of E ectrocochl eography
and Brainstem H ectri cal Responses, Gune and
Stratton, New York, 1981.

Chiappa, KH et al. Brainstemauditory evoked responses:
studi es of waveformvariation in 50 nornal
hurman subj ects. Arch Neurol 36: 81-87, 1979.

Coats, AC. Human auditory nerve action potentials and
br ai nst em evoked responses. Latency-intensity
functions in detection of cochlear and retro-



- 82 -

cochl ear abnormality. Arch Qolarvngol 104:
709-717, 1978.

Cox, C et al. Brainstem- evoked response audi onetry:
normative data fromthe preterminfant.
Audi ol ogy 20: 53-64, 1981.

Davis, H Principles of electric response audi onetry.
Ann G ol Rhinol Laryngol Supplenent 28: 1-96, 1976.

Davis, H, Hrsh, S X ERAin young children at 500 Hz.
Paper read at the fifth synposium of the
I nternational ERA study group, Jerusalem 1977.

Davis, H, Hrsh, S K A slowbrainstemresponse for | ow
frequency audi onetry. Audi ol ogy 18:445-452, 1979.

Fria, T.J. The audionetry brai nstemresponse: Background
and clinical applications. Mnogram Contenporary

Audilogy 2,2,1, Maco, Mnnepolis, 1980.

Gal anbos, R, Hecox, K E dinical applications of the audit-
ory brainstemresponse. Qolaryn*ul din North
Am11: 709-722, 1978.

G bson, P.R Essentials of clinical Eectric Response

Audi onmetry. Churchill Livingstone, London, 1978.

Glroy, J., Lynn, GE Conputerized tonography and auditory
evoked potentials in the diagnosis of olivoponto-
cerebel | ar degeneration. Arch Neurol 35: 143-147.
1978.

Gol denberg, R A, Derbyshire, A J. Averaged evoked potentials
in cats with | esions of auditory pathway. J. Speech
Res 18: 420-429, 1975.

Harrison, J.M The auditory systemof the brainstem In
Naunton, R F., Fernandez, C Evoked H ectri cal
Activity in the Auditory Nervous System Academc
Press, New York, 1978.




- 83-

Hashi noto, |I. et al. Mnitoring brainstemfunction during

Hayes,

Hecox,

posterior fossa surgery with brainstem auditory
evoked potentials. |In Barber, C Evoked
Potentials, University Park Press, Baltinore,
1980.

D, Jerger, J. ABRto tone pips: results in nornal

and hearing inpaired subjects. Scand Audiol 11:
133- 142, 1982.

K, Gl anbos, R Brainstemauditory evoked res-
ponses in human infants and adults. Arch
Q ol aryngol 99: 30-33, 1974.

Jacobson, J.T. et al. dinical considerations in the

Jerger,

Jewet t,

Kj aer,

interpretation of auditory brainstem response
audionetry. J Golarvngol 9: 493-504, 1980.

J., Hall. J. Effects of age and sex on auditory

brai nstemresponses. Arch Gol arvnaol 106:
387-391, 1980.

DL, WIliston, J.S. Auditory evoked far-fields
averaged fromthe scalp of humans. Brain 94
691- 696, 1971.

M D fferences of |atencies and anplitudes of
br ai nst em evoked potentials in subgroups of
a normal material. Acta Neurol Scand 59:
72-79, 1979.

Lev, A, Sohner, H Sources of averaged neural responses

recorded in animal and human subjects during
cochl ear audionetry. Arch Klin Exp Chr Nau
u Kehlk Heil k 201: 79-90, 1972.

Lundborg, T. Scandi navian Synposi umon brai n responses

(ABR). Scand Audiol 13: 1981.




- 0 —

Madsen, P., Hansen, B. Consideration for procurenent of
an ERA system Scand Audiol 13: 155-162, 1981.

Marillaud, A et al. Latencies of brainstempotentials
and auditory thresholds. In Barber, C Evoked
Potentials, University Park Press, Baltinore, 1980.

MCelland, RJ. M Crea, R S. Intersubject variability
of the auditory-evoked brainstempotentials.
Audi | ogy 18: 462-471, 1979.

Mchal ewski, HJ. et al. Sex differences in the anplitudes
and | atencies of the human auditory brainstem
potential. El ectroencephal oar din Neurophysi ol
48: 351-356, 1980.

Nie, NH et al. Statistical package for the Soci al
Sciences (2nd Ed) updated 7-8. MGawHill,
New Yor k, 1981.

0' Donovan, C A Latency of brainstemresponses in child-
ren. Br J Audiol 14:23-29, 1980.

Picton, TW et al. Human auditory evoked potentials. II.
Effects of attention. El ectroenceph din
Neur ophysi ol 36: 191-200, 1974.

Picton, T.W et al. Evoked potential audiometry. J
Q ol arvnKol 6: 90-119, 1977.

Picton, T.W et al. Auditory evoked potentials from
human cochl ea and brainstem J Qolarvngol 10,
Supp 9: 1-41, 1981.

Pratt, H, Sohmer, H Correlations between psychophysi cal
magni tude estinmates and simultaneously obtained
auditory nerve, brainstem and cortical responses
to click stimulus in man. El ectroenceph din
Neur oRhvsi ol 43: 802-812, 1977.




- 85-
Reneau, J.P., Hnatio, C Z Evoked Response Audionetry:
A Topical and H storical Review University
Park Press, Baltinore, 1975.
Rosenhaner, HJ. et al. On the use of click evoked
el ectric brai nstemresponses in audi ol ogi cal
di agnosis. 1. The variability of the nornal
responses. Scand Audi ol 7: 193-198, 1978.
Rosenhaner, HJ. et al. On the use of click evoked
el ectric brainstemresponses in audi ol ogi cal

di agnosis. 11. The influence of sex and age
upon the normal response. Scand Audiol 9:
93-102, 1980.

Rowe, MJ. Normal variability of the brain-stemauditory
evoked response in young and old adult subjects.
El ectronencephal oar din Neurophysiol 44: 459-5
470, 1978.

Rowe, MJ. The brai nstemauditory evoked response in
neur ol ogi cal disease: a review Ear and Hearing 2:

41-51, 1981.
Seitz, MR et al. The use of averaged EEG r esponse

techniques in the study of auditory processing
related to speech and | anguage. Brain and
Language 11: 261-284, 1980.
Shimzu, H dinical use of auditory brainstemresponses:
| ssues and Angers. Ear and Hearing 2: 3-4, 1981.
Snth, L.E, S mmons, F.B. Accuracy of ABRwi th hearing
| evel unknown. Ann G ol Rhino Laryngol 91:
266- 267, 1982.
Sohner, H et al. Sources of el ectrocochl eographic res-
ponses as studied in patients with brain danmage.
B ectroencephal ogr A in Neurophysiol 37: 663-669, 1974.
Starr, A, Achor, L.J. Auditory brainstemresponses in
neur ol ogi cal di seases. Arch Neurol 32: 761-768, 1975.




- 86 -

Starr, A, Hamlton, A E correlation between confirmed
sites of neurological |esions and abnornalities
of far-field auditory brain responses. FE ectro-
encephal ogr din Neuronhvsiol 41: 595-608, 1976.

Stockard, J.J., Rossiter, V.S. dinical and Pathol ogic
correlates of brainstemauditory response
abnormalities. Neurology 27: 316-325, 1977.

Stockard, J.J. et al. Nonpathol ogic factors influencing
BSAE potentials. AmJ EEG Technol 18: 177-209, 1978.

Stockard, J.E. et al. Brainstemauditory evoked responses:
normal variations as a function of stimulus and
subj ect characteristics. Arch Neurol 36: 823-831, 1979.

Stockard, J.J. et al. Brainstemauditory evoked potentials
I N neurol ogy: nethodol ogy, interpretation, clinical
application. In Amnoff, MJ: E ectrodi agnosis
In clinical neurology. Livingston, New York, 1980.

Suzuki, T. et al. Reliability and validity of |ate vertex
ERA. Audiol ogy 15: 357-369, 1979.

Terkil dsen, K, and Gsterhammel, P. The influence of
reference el ectrode position on recording of the
ABR Ear and Hearing 2: 9-14, 1981.

Terkildsen, K et al. Recording procedures for brai nstem
potentials. In Naunton, R E., Fernandez, C Evoked
El ectrical Activity in the Auditory Nervous System
Academ c Press, New York, 1978.

Thornton, A R D The diagnostic potential of surface re-
corded el ectrocochl eography. Br J Audiol 9: 7-13 , 1975.

Ward, J.W Brainstemelectric response audionetry (i)
Basic principles. Haring Ald Journal 34: 8-11, 1981.

Zollner, C et al. Input-output function and adaptati on
behavior of the five early potentials registered
wth the earl obe vertex pick-up. Arch Go Rhinol
Laryngol 212: 23-33, 1976.




- 87 -

APpendi x - |
mllineter M crovolts
.01 . 002
.02 . 004
.03 . 006
.04 . 008
. 05 . 010
. 06 . 012
.07 . 014
.08 . 016
.09 . 018
0.10 . 020
.11 . 022
.12 . 024
.13 . 026
.14 . 028
.15 . 030
.16 . B2
.17 . 034
.18 . 036
.19 . 038
. 20 . 040

30 . 060
. 40 . 080
.50 . 100
.60 . 120
.70 . 140
. 80 . 160
.90 . 180

1.00 . 200
1. 50 . 300
2.00 . 400
2.50 . 500
3.00 . 600
3.50 . 700
4.00 . 800
4,50 . 900
5.00 . 1000
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Conversion table frommllinmeter (m) to
mcrovolts (uV). Illustration: Converting 156nmm

into mcrovolts.

156 mMm
.312 uVW.

156 = 100 + 50 + 6
. 200+. 100+. 012
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APPEND X ||

TA - 1000 H ectric Response Audi onetry
Systemused in the present study.





