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| NTRODUCTI ON

Audi tory brain-stemresponse techni que has energed as a
vital adjunct to the clinical armanentariumof the Audiol ogists,
Q ol ogi sts and Neurol ogi sts, who jointly determne hearing
sensitivity, lesion site and central nervous systemintegrity
pat hol ogy and mat urati on.

Study of the spontaneous activity of the brain has a |ong
history and a wel | established place in clinical medicine, and
so does brain electrical activity, which is brought about by an
experinmenter/clinician (and hence "evoked").

BSER appl i cations in audiologic - otologic disorders and
site of lesion testing have shown that the response are wal |
suited for the detection of hearing abnormalities (Shaia and
Al bright 1980). This became popular in clinical audiology because
of reproducibility, ease of admnistration, lowinter and intra
subject variability and accuracy in estimating hearing sensitivity.

Assessnent of hearing of children led investigators to
di scover that norns applied to adults were not appropriate for
various devel opnental stages in children. This ledto a series
of systematic studies in premature infants, fall-terminfants,
and pre-adol escent children. Arelated application is an attenpt
to discover electrophysiologic correlates underlying denylinating



di sease such as multiple sclerosis (Chippa, Harrison and
Brooks, et al (1980).

The mgjority of these investigators subscribe to the well-
known rel ationship that as the peripheral and CNS mature (eg.
as additional nyelimzation takes place, and perhaps as axon
dianeter increases), latency of BSERtend to decrease until an
adul't normis achieved. | addition, the magnitude of the
potentials are observed to increase with age.

Several investigators (Gl anbos and Hecox, 1977, 1978,
Picton, 1978; Picton et al. 1977; Yanda et al 1975) have
suggested the distinction between conductive and sensori neur al
I npai rnment can be nade on the basis of BSER | atency-intensity
functions.

Several investigators (Hecox and Gal anmbos, 1974; Picton
at al 1977, Pratt and Sohner, 1978; Starr and Achor, 1975;
Yamada et al 1975; Davis, 1976; Davis and Hirsh, 1976, 1979;
Mtchell and Clems, 1977, Picton and Smth, 1978; Picton et al.
1979; Seitz et al 1979; Weber and Fol som 1977) have denonstrated
t hat normal subjects yield ABRs to stimulus intensities that
closely approxi mates their subjective threshold for the stinul us.
Patients with hearing | oss, however, can yield response threshol ds
that are el evated by varying degrees above the normal subjective
threshol d for the stinulus.



One question arises regarding the correspondence between
el evated ABR threshold and the degree of hearing | oss a patient
has for pure tone audionetric stinuli. This correspondence is
essential to using ABRto estimte the degree of hearing | oss
In pragmatic terms; i.e. in the context of the audiogram

Anunber of studi es have expl ored t he correspondence bet ween
audi ometric hearing | oss and the ABR threshol ds for clicks
(Coats and Martin, 1977; Fria and sal oo, 1979, Jerger and
Meul din, 1978; Maul din and Jerger, 1979; Ml lar and Bl eguard
1976; Seitz et al, 1979 and tone bursts or pips (Brama and
Sohmer, 1977, Mtchell and Clem's, 1977; Picton et al. 1979;
and Seitz et al 1979) wi thout exception studies using click
stimuli have found that the ABR threshold correl ates best with
t he audi ometric hearing | oss between 1000 and 4000Hz.

Mtchell and A ems (1977) conpared the wave v threshol d
In response to tone bursts (2000, 4000 and 8000Hz with 1 m sec.
rise fall tinmes and a 2 msec total duration) to the audionetric
threshold of 22 patients with sensorineural hearing |oss. The
mean difference between the wave V threshold and audi ometric
| oss was 10.2 dBw th a standard deviation of 13dB. There was
a 0.67 probability that the wave V threshold was wi thin approxi -
mately 10dB of the audionetric threshold. This is consistent
with seitz et al (1979) who found that the wave Vthreshold to



a 4000Hz tone burst was "well w thin 15dB of the audionetric
| oss at that frequency in 80 percent of 10 patients with

noi se i nduced sensorineural hearing | oss.

Al ns of the study:

Almof the study is to establish the relationship between
behavi oral thresholds and B.S. E R A threshol ds using 10 nor nal

and 10 pat hol ogi cal subj ects.
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REVI EW OF LI TERATURE

Brai n- Stem evoked Responses:

Auditory brain stemresponses technique has emerged as a vital
adjunct to the clinical armanentariumof the Audiol ogists, OQologists
and Neurol ogists, who jointly determ ne hearing sensitivity |esion
site and central nervous system integrity pathology and maturation
(Moore, 1983).

Brain Stem Evoked Responses - According to Buchwald (1983):

1) BSER reflects graded post synaptic potentials rather than all or
none action potentials discharged at the cell soma or transmtted
along the axon projection.

2) BSER latency and anplitude measures reflect different physiologic
processes which may interact.

3) BSER waves reflect functionally separable substrate system

Brain Stem Auditory Nuclei:

Dobi e (1980) reports, the "relay stations" between auditory nerve
and cerebral cortex are, in ascending order (Fig.1).
Cochl ear;
Superior olivary conpl ex;
Nucl ei of the lateral |am niscus;

1.

2

3

4. Inferior colliculus;

5. Medial geniculate body; and
6

Audi tory Radi ati on.
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Each of these is actually a group of nuclei with conplex struc-
ture and function. Wthin these neuclei, auditory information is
anal yzed and passed to notor neuclei where commands are issued that
activate acoustic reflexes. In addition, binaural interaction occurs
at all level beyond the cochlea neuclei. Aninals surgically deprived
of auditory cortex can still performrelatively conplex auditory dis-
crimnation tasks (Neff, 1961).

Anatomi cal origins of response conponents: Various investigations

have specul ated about the origin of ABR conponent waves (Fig.2).

Based on the data fromhuman subjects and several species,

there is a general agreenent that the:-

1) First vertex position potentials in the BSER sequence ia produced
by acoustic nerve activity (Cat and Jewett, (1970), Hashi noto,
| shiyam and Yoshinoto (1981).

2) Data froma variety of different experiments consistently indicate
that the cochl ear neucleus contributes to and is essential for
BSER wave- || (Buchwal d, Huang, 1975).

3) Inviewof the direct and indirect |inks between MSO field poten-
tials and wave-111, the principal substrate for wave-IIll genera-
tion is hypothesized as dendritic post-synaptic potential of the
MSO (Buchwal d, 1983).

4) Wave-1V generation is postulated as PSP activity within the [ateral
| am ni scus cel | popul ation (Buchwal d, 1983).

5) wave-V result of |esion studies suggest that the deep ventrocochles
portion of the IC is particularly inportant for wave-V generation
(Buchwal d, 1983).
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6) Wave-VI arises fromnedial geniculate body. It is consistently
ranked hardest to recognize the BSER in a normal popul ation, it
istoirregularly present and variable in waveformthat its
clinical useful ness has been questioned (Chi appa, d adstone, and

Young, 1979).

Nor mal Response Par anet ers:

The use of the ABR for clinical purposes involves the recog-
nition of normal ABR characteristics, recognition of abnormal results
and the variability of normal characteristics between and within
subjects, and the variability due to non-pathol ogi cal factors, such

as the nature of the stimulus recordi ng procedure, and subj ects.

Response nor phol ogy:

Mor phol ogy refers to visual appearance of waveform It is a
nore subjective paraneter than either |atency or anplitude, because
nor phol ogy cannot be specified in neasurable units such as mlli -

seconds or mcrovolts.

Al t hough nost investigators display positive waves at the vertes
as upward defl ections, sone display the sane waves aa downward

def | ecti ons.

Several investigators have observed that waves |V and V often
one fused together into what has been called the "IV-V conpl ex".
Variations in the waveformof the I V-V conpl ex, based on therelative
hei ght and separation of the two waves have received attention in

recent literature. Chippa et al (1979) described six variant forns
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i n normal young adults (Fig.3). Thisvariants were |abelled A-F
and consisted of t (a) A single peak with no separation of Waves-1V
and V; (b) Separate IV and V waves with wave-IV | oner than wave-V,
(c) Separate waves with wave-1V higher than V; (6) and (e) Wave-V
riding on wave-1V, and wave-1V riding on wave V, respectively, with
the riding wave | ooking nore |i ke a "shoul der" than a peak and (f)

Separ at e waves of the sane hei ght.

Chi ppa et al (1979) found that 58%of their normal adult subjects

had the sane TV - V conpl ex waveformin both ears. Seventy one

percent of the 104 nornmal ears evaluated had Bor Cvariants. In
addition, 6%of the subjects had a wave-111 conprised of two separate
wavel et s.

In normal adult subjects wave-V is the nost frequently observed
conponent of the ABR in response to high intensity clicks, whereas
waves Il and IV are seen with the | east frequency (Ronme, 1978). Fria

et al (1979) observed, wave-l1l as a promnent feature in the nornal

Ronme (1978) observed norphol ogi cal differences between ears in
approxi mately 20 percent of the 25 nornmal adult subjects eval uat ed.
Wave | than Vwere clearly defined in the right ear responses of thes

subj ects but, waves Il and |V were poorly defined in |eft ear response

Response | at ency:

The tinme rel ati onshi p between any response and the stinul us

eliciting that response is commonly called [atency. For the ABRthis



./F?;urﬁ Possible variations in the morphology of the “IV-V com-
 plex”” for nornial adult subjects, as reported by Chiappa et al. (1979).

i '*;ﬁe variants (A-F) are based on the separation and relative height of "

“waves IV and V of the ABR. The variants include: (A) a single
*wmpler with no separation of waves IV and V; (B) separate waves
-~ with. .V of greater height than 1V; (C) separate waves with 1V of
 greater height than V; (D) wave V appearing as an inflection on 1V;
- (E) wave IV appearing as an inflection on V; (F) separate waves of the
same height, (From Chiappa et al. 1979.)

11
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paraneter is designated as absol ute wave | atency or interwave | atency
(Fig.4). Absolute latency conforns to the traditional definition
the tinme rel ationship between stinmulus onset and associ at ed response.
| nt erwave | atency, however refers to the tinme difference between two
conponent waves, eg. the I-Vinterwave | atency. Both absol ute and

i nterwave | atency val ues are typically specified in mlliseconds

(msec).

Beagl ey and Shel drake (1978) observed, the absolute |atency of
BSER conponent waves, in response to high intensity clicks, is appro-
xi mat ed by the Roman nurneri cal designating the wave; eg. wave |
|atency falls between 1.0 and 2.0 m sec, wave Il between 2.0 and 3.0

m sec, and so on.

Tabl e-1 shows the mean absol ute | atency val ues for nornal young
adul ts reported by various studies. The standard devi ati on of nor nal
| at ency val ues reported by Lev and Sohner (1972) and Aradeo and
Shagars (1973) was greater for waves beyond Il1; in these papers
|V - V conplex was | abel | ed as one wave, and this m ght account for
t he observed increase is variability. Sarr and Achor (1975)
Rosenharer, et al, (1978); Rone, (1978), Stockard et al, (1978a);

Chi ppa et al, (1979) observed approxi mately the same standard devi ati
for all ABR conponent waves; this value was typically 0.3 msec or 1
Despite differences between studies, the data in Table-1 denonstrate
anotable trend. The waves occur at approxinately 1.0 msec intervs

fromroughly 1.7 to 5.7 msec in response to high intensity clicks.
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Table 1. A comparison of mean absolute latency for each ABR wave across laboratories studying
normal adult subjects. The number of subjects, click intensity, and bandpass filter settings used in
each study are also shown.

dick Absol ute I atency (nmsec)

I nvestigation N  Intensity Filter I e 1rr v o vV
Jewett and WIliston (1971) 11 60-75 dB 10- 10, 000 17 - - - 4.6-5.1 -
Lev and Sohmer (1972) 10 65dB 250- 5, 000 15 25 35 50 67 -
Amadeo and Shagass (1973) 4 60dB 10- 80, 000 16 28 37 .- 56 -
Picton et al. (1974) 20 60dB 10- 3, 000 1.5 26 35 43 58 74
Sarr and Achor (1975) 6 65dB 100- 3, 000 16 28 38 48 55 7.1
Rosenhamer et al. (1978) 20 60 dB 180- 4, 500 17 29 39 52 59 76
Rowe (1978) 25 60 dB 100- 3, 000 19 29 38 51 58 74
Stockardet al. (1978) 50 60dB 100- 3, 000 18 29 39 52 58 -

Chi appa et al. (1979) 50 60dB 100-3,000 17 28 39 51 57 73




15

Belters and Brackmann (1977) reported that the wave-V | atency
di fference between ears of the sanme nornmal adult subject was |ess
than 0.2 msec. Rone (1978) reported that nornmal inter ear |atency

differences werewithin 0.4 msec. for waves | than Vi n 95%of the

25 subj ects eval uat ed.

Normal interwave | atency val ues have been reported for several
conbi nati ons of ABR conponent waves (Stockard and Rossiter, 1977).
There i s an increasing tendency however, to focus on the I-111,
[I1-Vand |-V interwave |atencies. The |l-I11 value estimates trans-
mssion tinme than the ponto-nedul lary junction and | ower pons, and
[11-V values estimates transmssion tine fromcandal pons to candal
mdbrain levels. The |-V latency estinmates the tine needed for
I npul ses to travel the entire systemand is sonetine called "central "
or "brain stem transmssion tinme. Several studies have reported
normal val ues for these interwave | atencies, and table-2 presents
a conparison of findings for young adults subjects. In |-V interwave
| at ency approximates 4.0 msec. and slightly nore than half of this

time can be attributed tothe I-111 interwave |atency.

Response Anpl it ude:

In the context of ABR paraneters, response anplitude refers to
t he height of a given wave conponent, and it is usually neasured in
mcrovolts ( V) fromthe peak of the wave to the follow ng through
(assumng that vertex positive waves are displayed as upward defl ec-
tions). This measurenent is sonetines called absol ute anplitude.
The absol ute anplitude of ABR conponent weves can al so be expressed
inrelation to one another, and then neasurenents are commonly called

relative anplitude (Fig.V).



Table 2.
several investigations.

The mean and standard deviation (in-parentheses) of interwave latency values from

| nvestigation

| nt erwave Latency

N [-111 [11-V |-V
Chinppa et al (1979) 50 2.1 (.15 19 (16) 4.0 (.23
Glroy & Lynn (1978) 15 2.05(. 15) - 3.83(.13)
Rowe (1978) 25 1.97(. 16) 1.97(. 20 3.94(.22)
Stockard & Rossiter (1977) 125 2.1(.2 1.9(.2 4.0(.2

16
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Figure 5. The distinction of absolute and relative wave amplitudes
for the ABR. Most often, absolute wave amplitude is the height (in
microvolts) of the wave from its peak to the following trough, as
shown above for waves I and V (A and B, respectively); but relative
amplitude is the ratio of the absolute amplitudes for two ABR waves.
For example, in this figure the relative amplitude of wave V to Wavel
would be B divided by A. Absolute amplitude measures show wide

variation between and within subjects (Amadeo and Shagass, 1973;
Starr and Achor, 1975); but relative measures are more consistent
and are better indices for comparing amplitude phenomena between

subjects; and within the same subject on different occasions (Starrand
Achor, 1975, Stockard et al. 1978b). Some investigators measure
absolute amplitude from the peak of the wave to the baseline, and
others measure from the peak to the preceding trough.

17
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The variation of normal val ues for ABR wave conponent anplitudes
has been observed to be substantial by a nunmber of investigators
(Amadeo and Shagars, 1975; Chippa et al, 1979; Starr and Achor, 1975
Stockard et al, 1978b) reported the mean anplitude in response to
high intensity clicks to be 0.15 and 0.38 V for waves | and V

respectively.

In recognition of the inherent variability of absolute anplitude
measurements, Starr and Achor (1975) suggested measuring the relative
anplitude of waves Vand I. In 50 normal subjects, they found that
the ratio of V. | anplitude al ways exceeds 1.0 in response to click
intensities below 65dB. Simlar ratios for 60dB click-evoked ABR s
wer e reported by Chippa et al, (1979). Stockard et al, (1978b) found

anman VI ratioof 2.53 in normal ears.

Factors Affecting Nornal Paraneters:

Al t hough certain pathol ogical conditions are associated with
changes in ABR properties, normal response paraneters can be
influenced by factors unrelated to pathology. The nature of the
stimulus, recording procedure, and subjects evaluated all have

associ ated effects on the response.

1. Procedure effects:

a) Position of electrodes

b) The use of filters (Bandw dth)

c) Choice of response reference points for the conputation of
| at ency.

d) Difference in stinulus transducer

e) Effect of masking and/or anbient noise |evels.
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2. Subject Effects:

a) State of the subject (awake, asleep, sedated or anesthetized)

h) Effect of tenperature
c) Sex differences
d) Effect of change in nmuscle tone and attention

e) Effect of age.

3. Stimul usparaneters:

a) Derived response

b) Intensity

c) Rate of stinulus presentation

d) Stimulus transduction

e) Polarity

f) Binaural interaction.

g) Tone-onset response
)

h

Frequency-fol |l owi ng response
Threshol d.

According to Buchwal d (1933) there is general agreement among
I nvestigators of both human and ani mal BSER upon the foll owi ng points:-
1) The BSER are a series of vol ume conducted neural potentials
recordable fromthe scalp which originate fromthe primry
auditory pathway of the brain-stem (upto, and possible includ-
ing the inferior colliculus).
2) The BSER show (positive) peaks and (negative) through Wen
the scal p el ectrodes registers positively agai nat a second

noncephalic in cephalic reference el ectrodes.
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3) The peaks through occur with [atencies of |ess than 10 m sec.
follow ng an intense auditory stinul us.

4) The interval s between positive peaks are approximately 1 m sec.

5) Peak | atencies for any given subject are unchangi ng over succe-
ssive trial blocks or recording sessions; and

6) BSER |l atencies and anplitude are little affected by changes in

arousal |evel or by sleep.

Type of Hearing Loss:

Several investigators have suggested that the distinction
bet ween conductive and sensorineural inpairment can be made on the
basis of ABR Lateney-Intensity function (Gl anmbos and Hecox, 1977,
1978; Picton, 1978; Picton et al, 1977, Yanda et al, 1975). The
distinction stems fromthe observation that, independent of stinulus
intensity, the latency of BSER conponents waves is prolonged in
patients wth conductive inpairnment by an anmount conmensurate to the

degree of hearing loss (Fria and sobo, 1979; Yanda et al, 1975).

This presunmably relates to the findings that conductive hearing
| oss reduces the effective stinulus energy reaching the cochlea. In
other words, when a 60dB nHL click is used to elicit any ABRin a

patient having a 40dB conductive hearing | oss.

Only 20d8 reachs cochlea; therefore, the response |atency
corresponds to the normal value for a 20dB nHL click stimulus. As
stimulus intensity is reduced from®60dB nHL, |atency remains prol onged

by an anount related to the 40dB | oss. Consequently, the patients
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| atency-intensity function for a given ABRwave (for exanple wave-V)
woul d be parallel to the normal function, but displayed intine

(Fig.6)(a).

Several reports have denonstrated that patients with sensori-
neural hearing yield wave-V latency-intensity function that can be
characteristically different fromthose seen in patients with
conductive inpairments. Gal anbos and Hecox (1977, 1978) and Yanda,
et al (1975) found that sensorineural inpaired patients with flat
audi ometri c omfigurations have prol onged wave-V | atencies in
response to lowintensity clicks. As intensity increases, however,
response | atency decreases to approximately normal val ues(Fig.6(b).

Patients with precipitors sensorineural hearing | oss can
yield wave-V | atency-intensity functions that are difficult to
di stinguish fromthese seen in patients with conductive inpairnent
(Wats et al 1979; Yanda, et al, 1979). This appears to relate
to cochl ear mechanics, inthat noretime is required for stimila-
tion to reach conparitively healthy hair cells in nore apical
regions of the basilar menbrane. The resulting |atency-intensity
function may have a normal slope, and it may be displayed in the
manner simlar to a conductive inpairnents (Fig.6(c).

Gal anboa and Hecox (1978) suggested that the slope of the
evoked latency-intensity function can have interpretive valuein
these cases. They found that the normal function has a sl ope of
approximately 0.04 msec. per dB; i.e. each 10 dB decrease in
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wave V latency-intensity function and conductive, sensorineural,
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the normal function; but displaced in time by an amount that corres-
ponds to the degree of conductive loss (Yamada et al., 1975). In most
cases with sensorineural impairment (B), the latency-intensity fumnc-
tion approaches the nermal function at high click intensities; but as
the click intensity is reduced toward threshold, the slope of the
function increases and is thereby separated from the normal function.
Some authors have observed that this phenomenon may co-exist with
loudness fecruitment (Galambos and Hecox, 1978; Picton et al.

-

22



2 3

stimulus intensity was assoicatedwith a 0.4 msec. increase in
response | atency. Gal anbos and Hecox (1978) found, in their
experience, that | oudness recruitment was usual |y associated with
sl opes greater than 0.06 m sec. per dB, and slopes | ess than

0.03 msec. per dB ensured a diagnosis of high frequency hearing
| oss. If neither situation is obtained, however recruitment of
preci pitous high frequency hearing | oss cannot be rul ed out.

Gal ambos and Hecox (1978) suggested that evoking the ABRwith
a bone-conducted click stinmulus mght assist in distinguishing the
preci pitous sensorineural inpairment fromtheconductive inpairnmnent.
Normal ABR | atencies in response to bone-conducted clicks are appro—
ximately 0.5 msec. later than those produced by airconducted clicks
with the sameintensity. This is probably due to the greater anount
of low frequency energy that is transduced when a click is delivered
to aclinical bone conduction vibrator (Mnldin and Jerger, 1979;
Pictonand Smth, 1978).

Conduct i ve sensori neur al inpairnents can differentially
alter ABR latency-intensity functions, and the departure fromthe
normal curve can indicate which inpairnment is likely to exist.

Most studi es have shown the i nfl uence of conductive and sensori neur al
| mpai rment on the latency-intensity function of wave-V. The use of
w ave-V functions for determning probable type of inpairnment ia infa
I s unacceptable. Far too often the age-rel ated and hearing | oss

ef fects on wave-V | atency cannot be separated in maturing infants.
Wave | latency-intensity functions represents a nore sensitive index

i ntheseinstances (Fri aand Sabo, 1979; Mendel sonet al, 1979).
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Configuration of Heating Loss:

Several investigations have denonstrated t hat normal subjects
yield ABRs to stinulus intensities that cl osely approxi mate their
subj ective threshold for the stinmulus. This has been reported for
click stimuli (Hecox and Gal anbos 1974; Picton et al, 1977; Pratt
and Sohner, 1978; Starr and Achor, 1975; Yanda et al, 1975) and for
tone pi pes and bursts (Davis.1976; Davis and Hrsh, 1976; 1979;
Mtchell and A ems, 1977, Picton and Smth, 1978; Picton et al.
1979; Seitz et al 1979; Wber and Fol som 1977).

A nunber of studies have explored the correspondence between
audi onetric hearing loss and the ABR threshold to clicks (Coata and
Martin, 1977; Fria and Sabo, 1979; Jerger and Manl din. 1978;

Maul di n and Jerger. 1979; Ml ler and Bl eguad, 1976; Seitz et al,
1979; Yanda et al, 1975) and tone bursts or pips (Brama and Sohmer.
1977; Mtchell and A ems, 1977; Picton at al, 1979; and Seitz

et al, 1979) wi thout exception the studies using click stimuli have
found that ABR threshol d correl ates best with the audionetrie

hearing | oss between 1000 and 4000Hz.

Yanda et al (1975) found that click evoked ABRs predicted the
degree of conductive hearing | oss at 4000Hz to within 15 dB for 83%
of the 23 subjects he studied. 1In 7 subjects with sensorl neural
hearing | oss, however, the degree of |oss at 4000Hz was consi stenly
under est i nat ed by ABRpr edi cti ons. Sensitivityl osswas under -

estimated by as nmuch as 30 to 40dB i n sone cases.
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Mel ' er and Bl egnad (1996) reported simlar findings for 48
patients with sysnetrical bilateral sensorineural hearing | ose.
Wave-V threshol d correl ated best with the audionmetric | oss at
2000 and 4000Hz, but there was a tendency for wave-V threshol ds to
underesti mate audi onetric thresholds. The correspondance between
wave-V t hreshol d, the pure tone average | oss (500-2000Hz), and t he
speech reception threshol d waw best for patients with flat audi o-
metric configuration. In contrast, there average audi onetric
I ndi ces were consistently over estimated by the wave-V threshol d

in patients with gradually or steepy sloping audi ograns.

Several investigators have used nasking techni ques to infer

t he contribution of apical basilar nmenbrane regions to the ABRin
response to clicks (Don and Eggernont, 1978; Don et al 1979; Parker
and Thornton, 1978a, 1978b, 1978c). In general these experinents
are designated to "derive" responses fromspecific regions of the
basi | ar nenbrane by "hi gh pass" marking the contribution of regions
above(toward t he stapes) the segnent of interest. when two segments
are nmarked sequently, the associated ABRs are subtracted from one
anot her and the difference (derived response) is presuned to repre-

sent the contribution of the region commonly elimnated by both

mar ked Sengnt S.

Fi ndi ngs of Hearing Loss with Recruitment:

Port mann, et al (1973) characterized recruiting ears by a

di phasi c AP waveform a rapid increase of AP anplitude with intensity
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without a plateau in the input/output curve, and a |atency of
less than 2 msec at threshold. Yoshie and Chashi (1969)

found an abrupt increase in latency for levels closeto the

subj ective thresholds. Eggermont (1977b) showed that |atency

at threshold depends on the audi ogramconfiguration, as well

as on the type of stinmulus used. This may lead to audi ogram
prediction but uncertainly as to the type of pathol ogy

(Bl berling and Sal mon 1976). For practical purposes the slope
of the anplitude-intensity functions has been proposed (Eggernont
and Qdenthal, 1977).

The use of the latency-intensity function for clicks (in
EcochGand BSER) is not without pitfalls. Interpretations is
straightforward in cases of a flat, pure conductive loss (Parallel
shifted curve) and flat, pure cochlear |oss (latency curve
within the normal range), but offers serious problens when dealing
with mxed [osses or with high frequency sensorineural hearing
| oss (McGee aad Clem's, 1980). The latency-intensity function for
tone bursts may elimnate some of these problens (Eggernont).

Differentiating conductive, sensorineural and m xed hearing | oss:

Fol I owi ng conventional audionetric procedures, the use of
bone conducted sound vs. airconducted sound is a major issue in
el ectro audionetry concerned with topical diagnosis. The electro



audi onetric application of bone conduction of fers nunerous
serious problens entered around the vibratory enertia of nost
bone conductors (Yoshie, 1973; Arlinger and Kyl an, 1977).

| n BSER audionetry it is observed that the width of the
|atency intensity range for normal ears at each particul ar
| atency val ue is about 20dB. The inplication is that the
m ni numpur e conductive hearing |oss that can be detected on
this basisw || be about 20dB, and, in addition, the inaccurary
i n the anount of conductive hearing | oss that has been estinated
wi |l also be about 20dB. The sanme inpression is gained fromthe
data presented by Berlin et al (1974).

An additional conplication arises when the wave V | atency-
intensity functionis used, but wave | is absent. In such cases,
there is no control upon the amount of wave V delay attributable
to an increased central conduction tine that ia thought to
result frombrain stemor pontine angle lesions (Starr and
Ham [ ton, 1976). This could lead to a serious over estination
of the amount of conductive hearing | oss, which is especially
inportant in children having the quite common conbination of
conductive hearing | oss and retardation in devel opment (Mir,
at al, 1979). Both factors cause wave Vdel ay irrespective of
stimulus intensity (Mkotoff, et al 1977, Starr, 1977).
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The nornmal range of anplitude intensity curves has for
the | ower anplitude val ues, a width of about 30dB (Egger nont
1976a). The same spread has to be assuned i n conductive | oss.
Because anplitude val ues are negatively correlated (r=0.8) to
| at ency val ues as expressed in the anplitude |latency scatter-
grans (Eggernont, Qdenthal and Schmdt, et al, 1974; Eggernont,
1976a), the conbined use wi Il generally not yield a better
result than one criterian al one.

| n sensorineural hearing | oss the slope of the anplitude
intensity curve in elevated, with respect to those for norna
hearing and conductive hearing | oss (Eggermont 1976a).

Cl ai ms have been made that m xed hearing | osses are
characterized by normal latencies (for click A P) at high
intensities and progressively deviated (increaaing difference)
|atancies for |ower intensities (Berlin et al 1974). The sane
shift, however is observed in pure tone high frequency sensori -
neural hearing | oaa for high frequencies, when the audi ogram
has a shape steeper than 30dB/ octave (Yoshie and Chashi, 1969;
Aran and Negra Verghe, 1973). Differentiating m xed hearing
| osses of upto 50dB into a conductive and sensorineural conponent
on the basis of click stimuli seenms to be nmainly based on
wi shf ul t hi nki ng.

The general "receipe" to distinguish wth sone success,

bet ween conductive, sensorineural and m xed hearing loss is



(1) Use frequency - specific stimuli, (2) determne the slope
and shift of the AP (or wave V) anplitude-intensity function
referredto a normal group results (3) Determnethe slope and
shift of the AP (or wave V) latency intensity function referred
to anormal group result (when dealing with wave V, any del ay
due to nore central dysfunction should be el em nated, and (4)

be aware of the confidence region around the estimated val ues,
due to the considerable overlap of the various response criteria.

Differentiation of various types of sensorineural hearing |oss:

It is a standard practice to subdivide sensorineural
hearing |loss into cochlear vs retrocochl ear | osses. The cochl ear
type may be distinguished into sensory and neural |[osses. Wth
respect to retrocochl ear hearing | oss, we tend to restrict to
t hose caused by pontine angle tunors and only briefly address
t he probl em of pseudohypacusi s.

Differentiation of coehlear hearing |oss:

Audi onetrically, a cochlear hearing loss is at tines,
di agnosed by t he presence of | oudness recruitment. The relation-
ship between | oudness recruitment and deterioration in frequency
sel ectivity has been indicated. Fromexperinents on single nerve
fibre, it has becone clear that a very |arge number of ototoxic
agents result in the same change in tuning curves i.e, the |oss
of the sharply tuned portion (Evane, 1975). Anmong these ototoxic
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agents are drugs such as Kenanycin (Kiang et al 1970) and

ot her physi cal agent s auchas noi se (Ki ang, Li ber nanand

Leuni, 1976), hypoxia (Robertson and Manl ey, 1974) renoval
of perilynph (Robertson, 1974) on stinulation of the olivo
cochl ear bundle (Wederhold and Kiang, 1970).

Audi ol ogi ¢ ABR strategy:

1) Cick-evoked ABRs provides a better eastimate of type of
I npai rnent than of the degree of |oss at frequencies
bet ween 1000 and 4000 Hz.

2) ABR threshpolds for tone bursts of 2000 and 4000Hz afford
reasonabl e prediction of high frequency audionetric configu-
ration, bet predictive accuracy suffers as the sl ope of
hearing | oss above | 000Hz, steepness; and

3) Several techniques (derived responses, tone pips in notched
noi se, the FFR, and the SN;;) can be used to approxi mate
hearing at 500 end |000Hz. Consideration of these points
can culmnate in the selection of an ABR strategy for
audi ol ogi ¢ pur poses.

Apart fromthe ABR strategy applied for the eatimation
of hearing | oss, andiologic application of the ABR nust include
an assessnent of neurologic status in the context of interwave
| atency and relative anplitude neasurenents. The presence of
neurol ogi ¢ disorders can reduce the accuracy of audiol ogic
predictions.
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Potential use of BSER

Brai n stemevoked response (BSER) are the evoked poten-
tials fromauditory structures in the brain stemas recorded
with surface electrodes (usually vertex vs nastoid or earl obe)
and arising within 10 msec. after stimulus presentation,
BSER is sensitive to binaural stimulation. BSER provides
(only at noderate-to-high sound intensities) a wave | (AP)
and only at the highest intensities a discernible CM(More,
1971, Thornton, 1975a).

The sl ope of the AP magnitude vs intensity function has
provento be a good indicator for the presence of |oudness
recruitment (Eggermont 1977b). \Wen tone bursts are used as
stimuli, this indication can be given for each frequency under
study. Using BSER cl ai ns have been nade that the wave V | atency
versus intensity function could be used in this way, but it
appears that it mainly distinguishes flat pure conductive | osses
fromflat sensorineural hearing |osses (Gl anbos and Hecox, 1977)

Thisfeaturesthat thelatencyintensityfunctionforthe
AP as wel| as wave Vtends to shift parallel to the nornal
function in ears with a pure conductive hearing | oss, has
frequently been used in discrimnating mddle frominner ear



di sturbances (Berlin et al 1974; Gal anbos and Hecox, 1977).
The for of the latency-intensity function, however, does not
unambi gously relate to the type of hearing | oss.

Differentiation of cochlear |esions on the basis of CM
and SP neasurenents is only possible with ECochG (Eggernont,
1976¢, 1979a).

|t appears that the main diagnostic potentiality of the
BSER is inits excellence in site-of-lesion testing within
brain stem structures. Wth ECochG attenpts to discrimnate
bat ween cochl ear and retrocochl ear hearing | oss generally
reveal poor results (Brackmann and Selters, 1976; dams and
Mtchel |, 1977).

Cinical applications:

The use of the BSERA for clinical purposes involves atwo
phase process. First, the distinction nust be nade between
normal and abnormal results in the context of the technical and
subj ect related factors.

Second, the results nust be interpreted together with
related information (eg. behavioral audionetric reaults, case
history information, physical findings and the results of other
I nvestigations studies) inorder to support or contradict a work
diagnosis of a specific lesion, inpairnent, or disease,
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This two phase process inherently involves the under-
standi ng of how pathol ogi cal conditions affecting the auditory
systemcan influence normal ABR parameters. These conditions
i nclude inpairnents of hearing (audiologic) and disorders of
neural function (neurologic) (Fria, 1979).

Audi ol ogi c Appli cati ons:

The audi ol ogi ¢ applications of the ABR involve the estina-
tion of hearing in pediatric patients who cannot be tasted
bahavioral |y or who yield ambi guous or unreliable behavioral
hearing test results. In this context, the technique is used
to predict the typeand degree of hearing loss with particul ar
enphasis on estimating frequency specific thresholds.

It nust be realized that the ABR cannot test "hearing" in
t he perceptual sense. Rather, it serves to nonitor the respon—
sivity of neuronal elenents in the peripheral and brainstem
auditory tract. Achild who cannot integrate sound at the
cortical level may yield "normal" BSSR results. Moreover, the
failureto elicit BSER does not always indicate hearing |oss,
since the synchronous firing of neurons required for the response
I's not necessary for a behavioral response to pure tone signals,
and hence, Children with normal audiograms may not yield a
recordabl e BSSR (Wrthington and Peters, 1979). These limtation
enphasi ze the need to interpret the ABRin the context of other

clinical findings.
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METHCDOLOGY

| . Subj ects:

10 nornmal hearing subjects and 10 pat hol ogi cal subjects
with mld-to-noderate sensorineural hearing loss, in the age
range of 17 to 40 years were sel ected on randombasis. The
subjects with normal hearing were selected on the follow ng

criteria:;

1) They shoul d not have had any history of ear discharge,
tinnitus, giddiness, earache or aay other otol ogical com
pl ai nts.

2) They should be able to relax and feel confortablewith
el ectrodes on, within 10-15 mnutes after their placenent.

3) They shoul d not have had any history of epilepsy or other
neur ol ogi cal conpl ai nts.

4) Their el ectrophysiological input should come bel ow 500
mcrovolts within 10-15 mnutes after el ectrode placenent.

The pat hol ogi cal subjects were selected on the follow ng
criteria:

1) They shoul d not have had any history of eardischarge or any
ot her m ddl e ear pathol ogy.

i11) These hearing | oss should be of mld to noderate sensori -
neural type.

iii) They should be able to relax and feel confortable with el ec-
trodes on, within 10-15 mnutes after their placenent.



|'1. Equi pnent :
The following instrunents were used i s the study.

The equi pment consists of a stinulating system (a stimulus
generator which feeds the stinuli to a transducer earphone or a
bone conductor) and a recording system The latter consists of
el ectrodes, anplifiers, filters, averager and display together
wi th some device for obtaining a permanent record.

Brief Descriptionof the Equi prent :

It consists of a SLZ-9793 desk tap consol e which contains
al | of the operating controls, indication and readouts for the

system SLZ-9794 preanplifier which is an isolated BBS preanpli-

fier wth frequency response and gain specifically designed for
ERA. Also a set of standard silver cholride el ectrodes, TDH 39
ear phones and circunmaural cushion MX-41/ AR Calibrated paper to
record the responses, electrol yte gel, adhesive tape, spirit and

bone conduction vi brator.

Controls and their operation:

TA- 1000 operates on 4 knobs and 9 push button switches.

Al knobs are marked to indicate their functions. Al such

buttons indicate, by neans of internal |anps, the active state of

t he sel ected function.
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The knobs are: —

1)

t he stimulus function knob which permts selection of
frequencies 2 KHz, 4 KHz or 6 KHz at a repetitive rate of

5 or 20 stinuli per second, and patient's response intervals
of 10 nsec. or 20 nsec imediately follow ng the acoustic

| ogan sti nul us,

Stinulus attenuation knob permt to establish the present-
ation level from0O dBHL to 100 dBHL,

t he scal e function knob whi ch permts sel ection of system
sensitivity and nunber of average response sanples,i.e.,
for 2048 sanples 0.2, 0.5, 1 and 2 uV per div. sensitivities
are avail able. For 1024 sanples 0.5, 1 and 5uV per div.
sensitivities are available. For 4096 sanples 0.1 uV,
0.2uV, 0.5uVand 1 uVper div. sensitivities are avail -
abl e, and

the latency control knob provides a cursor nark on the

osci | | oscope di splay of the BSER wave for a precise deter—
mnation of |atency. Readout of latency in msec. to 0.1
meec. is displayed in digital formdirectly above this
control.

The Push-Butt onSwi t ches:

These are: —
1) Power Switchenergi zest hesystemandi ndi catesthesystem

st at us,
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2) scoreswtchcontrolstheoscilloscopedisplay,

3) Clear push button clears the mcroprocessor averager,

menory resets the sanple display counter and corrects

t he m croprocessor operating node to correspond to the
current control status.

Start/stop push button initiates the mcro processor
average function. As the nunber of sanples accunul ates,

t he averager can be stopped to evaluate internediate
results and restarted without disturbing the averager
action. The averager function is automatically term nated
when t he sel ected nunber of sanples has accumul at ed, of
when any average nenmory channel is full automatic term na-
tion requires a clear to permt restart,

record push button indicates the plotter readout of the
averager is not active,

mask push button applies broad band noi se masking to the
contralateral ear only when either air left or air right
stinulus is active,

air left stinulus to |eft earphone.

air right stimulus to right earphone, and

bone push button stimulus to bone vibrator transducer.

TA-1000 al so has facilities for the follow ng functions

besi des t he ones nentioned earlier: —

)

paper thunb wheel for the chart paper,
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iIi) limt indicate which is very active at high sensitivities,
i) TWW RUN EEG- normal |y RUN positionis used. Wen in
TWF position after clear, the oscilloscope w || display
a characteristic test waveformto confirmoscilloscope
operations. In EBG position, after clear, the oscilloscope
wi || display the ongoing patients EEGactivity, the raw
signal fromwhich the averaged response i s derived.

dinical Audioneter

Make - G ason- Stadl er

Model - GSI-10

Power - Directly fromAC source of 220 volts

Ear phone - TDH 39 with MX-41/ AR Supra-aural cushi ons.

[11. Test Environnent:

The experinents ware carried out in sound treated and
centrally air conditioned roomat the Aadi ol ogy Departnent of
Al Indialnstitute of Speech and Hearing, Mysore - 570 006.

| V. Procedure;

There are two stages in the experinments carried out in
t he present study. The two stages were:
i) Pure Tone Audionetry, and
ii) BSERA
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1) Pure Tone Audi onetry:

Pure Tone Audiometry for the both the ears were done.
The special tests were al so admnistered for the confirmation
of the hearing | oss of sensorineural type.

2) Hectric Response Audionetry:

| nstructions:- The subjects were instructedtoliein relaxed

position on an examnation table. Subjects were told that the
el ectrodes woul d be placed and they woul d be hearing inter-
mttent sounds. The subjects were not sedated. El ectrode

pl acenent was as fol |l ows:

Red(+) signal, to high forehead,

Wiite(-) reference, at the mastoid of the test ear.

Bl ack: ground, at the nastoid of the non-test ear.

To the normal hearing subjects only right ear was tested.
For the bilateral sensorineural hearing | oss subjects both ears
were tested and for the subjects with unilateral hearing |ost
only the pathol ogi cal ear was tested.

Headphones were pl aced and t he headset was positioned in
such a may that it was confortable to the subject.

E.RA was set as foll ows:

1. Stimlus frequency on2KHz, 4KMz and 6KHz, 20 pul ses pet
second and 10 nms. sanple tine.
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2. The scal e swtch on 2048 sanples and 0.2 uV/ div.
3. Simulus intensities ware varied for getting the Vwave
at the lowest intensity, to determne the threshol d at

each test frequenci es.

Latency of the V peak of BSER at 2KHz, 4KHz and 6KHz

wer e det er m ned.

Al the subjects were tested i n t he sane nanner.



(2) 0SCILLOSCOPE

Buiit-in with slectrostatic focus
and deflection. All functions
such as intensity, focus and

blanking, are automatically con- ~

trolled for the convenience of
the operator. Automatic 4X,
2X and 1X microprocessor-
controlled gain displays the pat-
tarn at maximum usable ampli-
tude.

(1) LATENCY CONTROL AND
DISPLAY
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RESULTS AND DI SCUSS| ON

The aimof the present study was to establish the relation-
shi p between behavioral thresholds and ABR threshol ds, using
10 normal and 10 pathol ogi cal subjects.

The wave V threshol d was obtained in both the above
mentioned popul ation. The raw data was treated for mean and
standard deviation. Theresults are putforthin a tabular form

Table-1: States wave V threshold at 2 KHz, 4 KHz, and 6 KHz

for 10 mld-noderate sensorineural hearing | oss eases. The
data is obtained fromboth unilateral and bilateral cases. The
tabl e states val ues for both behavioral thresholds and BSERA

t hreshol ds.

Table-2: States wave Vthreshold at 2 KHz, 4KHz and 6 KHz for
10 subjects with normal hearing. The data is obtained only

for the right ear. The table gives values for both behavioral
t hreshol ds and BSERA threshol ds.

Table-3: It illustrates the nean and S.D. values for 2 KHz,
4 KHz and 6 KHz in 10 m|d-noderate sensorineural hearing |oss
cases.

Table-4: It illustrates the mean and S.D. val ues for 2 KHz,
4 KHz and 6 KHz for the normal hearing subjects.



TABLE- | |

vioral Thresholds and B.S E R A (V wave) Thresholds at 2KHz, 4KHz, and 6KHz of 10 normal hearing
ects. (Thresholds of right ear only).

Pure tone Threshol ds (dB) BSERA Threshol ds (dB) (V wave latency, m sec)
2KHz 4KHz 6 KHz 2KHz Lat ency 4KHz Lat ency 6KHz Lat ency

) 10 S 30 6.8 30 7.3 40 6.8
) 15 10 30 6.7 30 7.4 35 6.8
10 0 0 35 6.7 25 7.5 30 6.3
) 10 S 30 6.8 30 7.3 30 7.0
10 0 5 30 6.7 30 6.8 25 7.2
10 10 5 30 6.8 30 6.7 25 7.3
5 15 10 30 6.3 40 6.1 30 6.7
0 5 0 30 6.3 30 6.4 25 7.1
15 0 5 40 6 30 6.2 25 7.2
15 10 30 6.5 40 6.0 30 6.8




TABLE - |

Behavi oral Thresholds and B.S.E R A (V wave) Threshol ds at 2KHz, 4KHz and 6KHz of 10 m | d- noder at e sesxineurd

hearing | oss subjects (For both, Unilateral and Bil ateral

hearing | oss subjects).

Sl . No. Pure tone Thresholds (dB) BSERA Threshol ds (dB) (V wave Latency, m sec.)
Ri ght ear Left ear Ri ght ear Left ear
2 4 6 2 4 6 2 Late 4 Late 6 Late 2 Late 4 Late 6 Lat
KHz KHz KHz KHz KHz KHZ KHz ncy KHz ncy KHz ncy KHz Nhcy KHz ncy KHz ncy
1 50 60 55 - ) - 70 5.2 65 514 70 5.5
2 10 15 10 15 30 55 35 6.8 30 7.2 35 6.8 40 6.5 60 6.3 70 6.3
3 40 SB) 50 35 50 55 60 57 75 5.5 70 5.6 55 5.7 60 5.8 75 5.5
4 55 75 70 50 70 70 75 6.0 70 6.3 90 5.9 80 5.9 80 6.1 95 6.0
5 25 25 45 30 45 50 50 6.5 55 6.0 55 6.1 40 6.2 65 6.1 75 5.4
6 30 25 45 35 25 45 60 5.9 70 514 75 5.6 70 5.6 75 5.5 75 5.3
7 45 35 35 10 20 20 75 6.1 65 7.3 80 6.3 35 6.8 40 6.1 45 6.3
8 35 40 45 5 15 10 60 6.1 65 57 65 59 35 6.7 30 7.3 35 6.8
9 15 30 55 - - - 40 6.5 60 6.3 70 6.3 - - - - - -
10 40 55 55 35 50 50 60 5.7 75 5.5 70 5.6 - - — — - -




TABLE-I11

Mean and Standard Devi ation val ues of Behavioral Threshol ds and BSERA (V Wave) Threshol ds at 2KHz,
4KHz and 6KHz in 10 m | d-noderate sensorineural hearing |oss subjects.

Pure tone Threshol ds (dB) BSERA Threshol ds (dB) (VWave |Latency, m sec.)
Ri ght ear Left ear Ri ght € ar Left |ear
2 4 6 2 4 6 2 |Late| 4 |Late-| 6 |Late| 2 |Late, 4 |Late| 6 |Late

Kz | Kz (KHz |KHz KHz | KHz | KHz |ncy | KHz |[ncy | KHz hcy | KHz |ncy | KHz ncy | KHz |ncy

34.5 | 41.5 | 46.5|26.88| 38.13/44.38/ 58.5 [6.05 |63 6.06 68 |5.96 |50.71|6.2 |58.57|6.17 |67.14|5.94

13.86 | 18.03| 15.0/14.34 17.49 18.45| 12.85 0.44 |12.49 0.68 |14.0 0.39 |16.78|0.45 |16.63|0.52 |18. 87 0.52




TABLE- I V

n and Standard devi ation val ues of Behavioral Thresholds and B.S ERA SV wave) Threshold, at 2KHz
z, and 6KHz of 10 nornmal hearing subjects (Thresholds for Right ear only

No.

Pure Tone Threshol ds (dB) BSERA Threshold (dB) (V wave latency. m sec).
2KHz 4KHz 6KHz 2KHz Lat ency 4 KHz Lat ency 6KHz  Lat ency
in 7 8 5.5 31.5 6. 56 31.5 6. 77 29.5 6. 92

4 6 3.5 3.20 0.26 4.5 0.55 4.72 0.29
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DI SCUSSI O\

The mean val ues are plotted on an audi ogram representing
bot h behavi oral threshol ds and BSERA threshol ds for both ears.
There are separate audiograns for nornals and t he sensori neural
| 0ss cases.

It is determned fromthe graph that BSERA threshol ds
correl ate best with audionetric hearing |oss between 2000H
to 6000Hz.

In the 10 subjects with sensorineural hearing |oss, the
mean difference between the wave V threshol d and behavi oral
threshold was 22.6 dB for right ear and 22.3 dB for the left ear.
There is a probability that wave V threshol ds are approxi mately
22dB of the behavioral threshol ds.

In the 10 normal subjects the nean ifference between the
wave V threshol d and behavioral threshold was 28.5dB for the

right ear.

Thi s correspondence is essential for using ABRto estinate
t he degree of hearing loss inpragmatic of hearingtermis
in the context of the audi ogram
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SUWARY AND CONCLUSI ON




SUMARY AND CONCLUSI ON

The present study was done with an aimto establish
t he rel ati onshi p between behavi oral threshol ds and ABR

t hreshol ds, using 10 nornmal and 10 pat hol ogi cal subjects.

The frequencies tested were 2 KHz, 4KHz and 6 KHz. The
scal e was set to 2048 sanples and 2 v/Div. Sanple tinme of

10 m sec was chosen and rate of presentation was kept constant
20/ sec.

It was determned that in normals the wave-V threshol d
an approxi nately 28.5dB of the behavioral thresholds. For
the mld to noderate sensorineural hearing | oss subjects the
wave V threshol ds are approximately 22 dB of the behaviora

t hr eshol d.

I nplication of the study:

Several investigators have denonstrated that nornal
subjects yield ABRs to stimulus intensities that closely
approxi mate their subjective thresholds for the stimlus.
Patients with hearing | ose now even can yield response,
threshol ds that are el evated by varying degrees above t he

normal subj ective thresholds for the stimnulus.

The results expressed in audiogram1 and 2 approxi mat es

Seitz, et al (1979) results who found that the wave V threshol ds
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to a 4000Hz tone burst was "well within" 15dB of tht andionetric
| oss at that frequency in 80%of 10 patients with sensorineura
hearing | oss.

The study to a certain extant answers the question regarding
t he correspondance between the el evated ABR threshold and the
degree of hearing loss, a patient has for audiomatric stimuli.

Limtations:

The study was limted to only right ear threshold for the
10 normal subj ects.

The age factor was not conparable for the two popul ations

I.e. the sensorineural hearing | oss cases and nornal subjects.
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