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CHAPTER

| NTRCDUCT! ON

"Audi ol ogy has two najor areas to control. Stimulus
and response. The stimulus has conme quickly under the
control of instrumentation. Jdient response control how
ever has eluded the examner and his instrunentation."”

(Fulton and LI oyd, 1975).

Accur at e assessnent of hearing according to Lanb (1975)
is often hindered by the inability or unwillingness of the
subject to respond to sound in a prescribed manner. Fuiton
and Ll oyd (1975) refer to such subjects as "the difficult
to test” and report that the Audiology with the difficult
to test has arrived at a new era after progressing through

‘three phases’' .

In phase - 1, an individual, not responding to standard
pur et one techni que was di agnosed as hearing inpaired and

hence assessment was i nconpl ete or inappropriate.

To overcone the short comngs of Standard puretone
audi onetry, classical and instrunmental conditioning proce-

dures were devel oped i n phase - 2.

In phase - 3 it was nade clear by reliability and
validity studies that reliable assessnent is possible in
many individual s when stringent control over variables is

applied in the conditioning procedure.
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The forenost concern of the new contenporary era
I's the devel opnent of inproved nethods for applying
advanced el ectronic instrunmentati on and human engi neering

principles to audiol ogi c procedures.

The first three phases correspond to the subjective
tests and the new phase to the objective tests in audio-
metry. "The test is objective if the patients responses
can be evoked w thout any form of voluntary response from

the patient" (Coles, 1977).

"Mbdern audi ol ogi c assessnent is based on puretone
audi onetry, which is a reliable procedure for assessing
auditory sensitivity in humans" (Lloyd, 1975). Puretone
data provide an ordered set of threshold responses indi-
cating auditory sensitivity in low, mddle and high fre-
guenci es and possible differential between sensitivity to
air conducted and bone conducted sounds. Skillful inter-
pretation of puretone thresholds can provide gross diff-
erential diagnosis of the site of auditory inpairnment and

comuni cati on di sorders.

Children constitute a najor portion of the "difficult
to test' group. As Brewster and Morrison (1978) observe,
when a child cones for audiological testing, "Oe is
dealing with an extrenely conplex little human bei ng who

I's doing nuch nore than responding (or not responding) to
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the clicks, bangs, warble tones, filtered speech, filtered
nusi ¢ and narrow band noi ses we present to him" So each
child is individualistic and selection of appropriate test

procedure to suit his needs is absolutely essential.

I n puretone audi onetry, in order to elicit 'subjective
response fromthe child audiol ogi sts have desi gned specia
techni ques.' Conditioned Oientation Reflex Audionetry'
(CCRA) by Suzuki and Qgi ba (1960),' Peep Show techni que' by
D x and Hol | pi ke (1947), 'Food Audionetry' by Ewertson and
N el son (1970),' Ear choi ce technique' by Curry and Kent zrock
(1951) are sone of the specially designed techniques for
assessnent of the difficult to test children. These pro-
cedures have been successful in assessnent of hearing in
many difficult to test children. But responses in the
subjective tests, sonetines may be influenced by certain
variables. Lloyd (1975) outlines these variabl es as
follows - 1) Linguistic variables - vocabul ary and ot her
| anguage i mtations can influence the instructions,
training and conditioning aspects of puretone audi onetry.
2) Motivation, cooperation and attention variables differ
fromchild to child depending on physical, psychol ogi cal
and enotional problens the child mght have. The inmatu-
rity of children may inpose limtations on accuracy of

their judgenents |leading to supra threshol d responses
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rather than a valid index of auditory sensitivity. A
negative attitude in the child mght result in earphone

rejection by him

3) Response node variables - Neurol ogic or physiologic
disabilities such as cerebral pal sy nmake the child unable
to give notor responses |ike hand raising, block dropping

or button pressing.

4) Stimulus variables - when puretones are used, |ow
frequencies (250Hz and below) tend to be easily masked by
envi ronnmental and body noi ses. The hi gher frequency tones
(2000 Hz, and above) are occasionally confused by tinnitus.
Nar r ow band maski ng noi se mght be confused with test

signals, especially at | ow frequenci es.

Thus, in sone children, it mght not be possible to
elicit reliable responses by subjective audionetry. It is
necessary that hearing | oss nust be identified as early as
possible so that its effects on the child nay be di m ni shed.
This is where objective audionetry conmes in to picture.

(bj ective tests may al so be used to cross check the results

obt ai ned by subjective audi onetry.

Through sophi sticated instrunentati on and nore precise
eval uati on procedures, new objective tests are bei ng deve-
| oped to nmake direct physiol ogical neasures of body reactions

to auditory stimuli. Wile objective techniques |ike H ectro-
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encephal i ¢ response audionetry (especially early and late
response audi onetry), H ectro cochl eography, |npedance

audi onetry have al ready becone popul ar. New net hods such as
Respiration audi onetry, Heart rate response audi onetry, vaso-
not or response audi onetry are developing rapidly. Hectro
dermal or psychogal vanic refl ex audionetry has been reported
to be successful with sone children. M sual response audi o-

netry, although has a long way to go, is quite prom ssing.

In the area of inpedance audi onetry, the acoustic
reflex, because of its several characteristics, has been
used by audiol ogists to estinate integrity of peripheral
auditory system(Hnelfarb etal, 1978). Acoustic reflex
In humans results froma contraction of stapedi us nuscle
In response to auditory stimulation. It is involuntary and
not affected by the state of the subject, various drugs,
or by other factors which usually influence behavioural or
subj ective auditory assessnent. Acoustic reflex can be
quantified by nmeasuring the acoustic inpedance of the ear

by neans of a quick, sinple, non-invasive procedure.

In the early stages, presence or absence of Acoustic
reflex threshold was used to infer presence of hearing | oss

Popel ka, 1981). The difference between acoustic reflex

threshold for puretones and acoustic reflex threshold for
broad band noi se called "Noise tone difference" (NTD), was

used by N eneyer and Sesterhenn (1972, 1974) to predict
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hearing sensitivity since then nany pridictive nethods have

been report ed-

i) Dfferential |oudness summation test(Jerger, 1973)
i) Sensitivity prediction by the Acoustic Refl ex- SPAR
(Jerger et al, 1974)
iii) 1977 SPAR (Hall, 1978)
iv) Prediction of hearing for single frequencies(Sesterhem

and Breuni nger, 1977)

Fewinvestigators (Baker and Lilly, 1976; Lilly, 1977,
R zzo and G eenberg, 1979) have given hearing prediction

formul ae based on regressi on equati ons.

Using the ratio of acoustic reflex threshol ds for noise
to tone called, 'Noise tone ratio', bivariate plot coordinate
systens were devel oped for prediction of hearing (Popelka,
Margolis and Wl ey, 1976; Handl er, and Margolie, 1977;
Margol i s and Fox, 1977; Silman and Cel fand, 1979).

Jerger etal (1978) attenpted to predict hearing by
1) supra threshold anplitude ratio - ratio of the reflex
anpl i tude of 1000 Hz tone and broad band noi se stinuli.
2) Supra threshol d noise tone difference - difference in
refl ex anplitude between 1000 Hz and broad band noi se.
Three groups of adult subjects were used - normal hearing,

flat sensorineural |oss and sloping sensorineural |oss.
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The two supra threshold anplitude indices were not found
to be as effective as noise tone difference in reflex

threshold for hearing prediction.

Need for the present study:-

Inchildren, who forma |arge segnent of 'difficult to
test' popul ation, objective prediction of hearing is very

usef ul .

Jerger et al (1978) reported that the predictive accuracy
of 1977 SPAR was extrenely good in children (2 to 12 years
ol d). Predictive accuracy was 100% i n nornal heari ng,
85%in severe hearing | oss and 54%i n noderate hearing | oss

chi l dren.

So far predictive efficiency of 'NTD in reflex magnitude

(anplitude) has not been investigated in children.

Pur pose of the present study:-

It was sought to investigate NID (reflex magnitude) in
children and to explore any possibility of its use in the

predi ction of hearing sensitivity.

Nul | hvpot hesi s-

"There exists no difference between the refl ex nmagnitude

for puretones and the reflex magni tude for broad band noi se".

The study was designed to find answers for the follow ng

questi ons: -
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a) Does the magnitude of reflex increase as intensity of
the stimulus increases?

b) Is there a difference in NTD (reflex magnitude) between
right and left ears?

c) Does NTD (reflex magnitude)differ with respect to sensation
| evel (reference: ART) of the stinmulus?

d) Does NTD(reflex magnitude) of normal ears differ from

that of sensorineural |oss ears?

Brief plan of the study

Thirty three normal hearing children (age range of
5to 10 years) and two (age 13 years) with sensorineural

hearing | oss were taken as subjects for the study.

Puretone thresholds were established at frequencies,
250Hz to 8000Hz using the "up 5-down 10' method with
principles of Hughson-Westlake ascending technique (G een,

1978).

Tynpanonetric and static conpliance measurenments were
made to ensure absence of m ddle ear pathology. Acoustic
reflex thresholds were established for the puretones
(500Hz, 1000Hz and 2000Hz) and broad band noise. Reflex
magni tude measurements were carried out at the reflex
threshold level, at 10 dB sensation |evel (reference: ART)

and 20dB sensation level (reference: ART).

Noi se tone difference (reflex magnitude), For right

and left ears at 10dB sensation |evel and 20dB sensation
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| evel was conputed. Data were statistically analyzed.

Definitions of the terns used:

Pure tone: Periodic sound wave of the sinusoidal type which

has no partial or overtone (Scottwood, 1971).

Broad band noi se(Wiite noise): a sound in which energy is
present over a wi de range of frequencies wth equal energy

per cycle (Qorig,1968; Martin, 1975).

Puretone threshold: is the |east audible sound pressure

| evel often defined as the level of a sound at which it

can be heard by an individual 50%of the times.(Mrtin, 1975)

Acoustic reflex threshold: |Is the intensity in dBSPLS

which is just capable of inducing a reflex contraction of
st apedi us nuscl e as induced by conpliance change in the

i npedance of the tynpani c nenbrane. (Jepsen, 1966).

Acoustic reflex magnitude: in the present study is the

nunber of units of deflection of bal ance neter needl e,

in response to sound stirmulation.



CHAPTER- 11

REMVI EW OF LI TERATURE

"An objective hearing test is one which defines a

patient's hearing ability without the patient's active

participation or co-operation" (Northern & Downs, 1978).

Schimzu (1981) outlines ideal requirenents of

obj ective audionetry as foll ows: -

1.

2
3.
4

Patient's co-operation is not required.

Subj ective judgenent of the examner is not needed.
Results of the test are highly reproducible.
Response threshold can be obtained at |east within
20 dBSL.

Response is frequency specific so that audi ogram can
be predi cted.

The techni que used is non-surgical.

The procedure i s not risky.

I nstrunentation is sinple enough for daily clinical use.

In practice, an objective test should satisfy at

| east sone of these ideal conditions.

(bj ective tests that try to establish auditory sensi-

tivity in children are: -

1.
2.

3.

E ectro encephal ic Response Audi onetry.
El ectro Cochl eogr aphy.

EH ectro-dermal or psycho gal vani c response audionetry.
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4+ Respiration Response Audionetry.
Heart rate response audi onetry.
Vasonot or response audi onetry.

Vi sual response audionetry.

©® N o o

The Acoustic Reflex battery.

Areviewof literature in these topics is as follows: -

1. ELECTRO ENCEPHALI C RESPONSE AUDI OVETRY:

Davis (1939) noted that the electrical activity of
the brain as indicated by el ectro encephal ographi c recor-
di ngs showed a change because of auditory stimulation.
They were reported to be nost promnent fromvertex of the

scal p and hence referred to as "V potential s".

E ectro encephal ogram or EEG was used to determne
hearing sensitivity in pre-school and hard of hearing
children by Derbyshire et al (1956) and Derbyshire and
MDernott (1958). Threshol ds obtai ned by themwere wi thin
+ 18 dB of routine audionetric thresholds. Wtharow and
Gol dstein (1958) reported EEG threshold to be + 10 dB
of Standard Audionetric threshold on testing hard of

hearing chil dren.

In order to reveal relatively snall V potenti al
fromthe on going EEG potentials, Dawson (1954) devel oped

a phot ographi ¢ superi nposition technique.
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A ark(1958) and A ark etal (1961 ) devel oped a conputer
whi ch averaged the consistent changes in the electric
potentials related in tine to the onset of the stimulus.
Meanwhi | e, random noi se in the background consisting theo-
retically of an equal nunber of positive and negative
electrical potentials was averaged out to be of zero val ue
so that only the wanted response activity summated in the

conput er .

Instrunmentation for ERA, as specified by Price (1975)
consists of a puretone oscillator; Audio signal generated
Is controlled by tiner; switch and attenuator and delivered
to the subject by ear phone. Wth the onset of the stinulus
a pulse is sent by the tinmer to trigger the average response
conputer - The low voltage potentials fromthe scalp are
pi cked up by el ectrodes attached, anplified by the anplifier
system and nade available to the conputer. At the end of
a predetermned nunber of sweeps, averaged data stored
in the conputer are traced on a graph by X - Y plotter
with tine on X - axis and voltage on Y - axis. In order
to allow for greater flexibility of analysis, stimlus
and response can be recorded during test session on a
tape magnetic system Accunul ation of data can be noni -
tored by neans of visual display on oscilloscope. A

canera attachnment to photograph the response fromthe
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osci |l oscope hel ps in maintaining a permanent record of
the averaged response. An Gscillograph recordi ng EE6

activity gives informati on concerning state of subject,
effect of sedation, artifacts such as heart beats, etc.

(see Fig.1).

Figure-1

Bl ock Diagram of instrunentation used in ERA

Surface of the scalp is cleaned chemcally (eg.by

acetone) in the areas where el ectrodes have to be attached.
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An electrolyte is used between scalp and el ectrode to conduct
potentials. Hectrodes are securely attached to scalp by

tape or glue to prevent artifacts from physical displacenent

Price(1975) gives tw types of el ectrode arrangenent.
(i) Dfferential inputs- where voltage differences between
electrodes C, and A, are anplified while electrode A not
attached to input of anplifier connects the subject to the

ground. (See fig. 2)

(ii) Inputs referred to the ground in which potentials at
electrode G, are recorded as they relate to electrode A
whi ch i s grounded. Potentials anplified are voltage

di fferences between C, and earth (See fig. 3).
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IﬁPui's NfoMd {'D q'*ou_“d_

AMPLIFIER

_

3

(o
A bbs and G bbs(1950) find the "differential inputs’
arrangenent nore advant ageous because "di sturbances between

earth and inputs are not anplified".

Pl acenent of El ectrodes may be bipol ar or nonopol ar.
I n nonopol ar recording an el ectrode on an active area is
referred to one on an inactive or indifferent area, where
as in bipolar recording, both the electrodes are on active
areas. A nonopol ar technique is nost commonly used to
record the auditory evoked potentials (Skinner, 1978).
Mageri son, St.John Loe and Binne (1967) find bipol ar
recordi ng technique to be useful in conparing electrical
activity of the scalp in one region with the activity of

anot her regi on.

Subj ect should be confortably seated or reclined in
a quiet test roomadjacent to control room An assistant
should stay with the child in the test room A sound
treated roomw th electrical shielding and provision for
visual and auditory nonitoring is an ideal testing

envi ronment .
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The determnation of threshold is a special problem
in ERA. As aignal intensity decreases the anplitude of
response al so decreases. As a result, near psychophysica
threshold it is difficult to distinguish the evoked

response from background activity.

A prelimnary step is to present noderate to high
intensity signals to evoke a clear averaged response

usi ng ascendi ng or descendi ng procedure.

There are two general techniques followed in ERA
(Price, 1975):- 1) Predetermned schedul e of stimulus
frequencies and intensities wth interpretation of each
series postponed until all series are conpl et ed.

2) Threshol d searching procedure where intensity and
frequency of each series is determned on the basis of

judgerment of information from preceedi ng one.

Skinner (1978) divides auditory electro encephalic
response (AER) arbitrarily in to four classes of
responses on the bases of latency, different properties
and presumably different automcal origins. They are-
a) The early or brain-stemresponse.

) The mddl e response.
c) The late response.
)

Very | ate response.
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(a) The early or brainstemresponse

The brai nstem conponent or early response whi ch was
reported by Jewett and his associates in 1970, is a noderately
large(1l to 10u-VDH) pol yphasi c wave, occuring from1l to 8 mac
after the onset of an auditory stinmulus (Hood, 1971; Jewett

and Wl liston, 1971; Jewett etal, 1970).

The early response is conposed of a series of very
fast waves(100 to 2000Hz) with seven peaks originating from

different regions of brain stem (Jewett and WIlliston 1971).

Starr and Ham | ton(1976) using patients with confirmed
brain stemlesions attributed various peaks of brainstem
response to the follow ng conponents; auditory nerve(J;),
cochl ear nuclei, trapezoid body and superior olivary nucle
(Ji and Jj;;) and lateral lemniscus and inferior colliculus
(Jyv and J,). Largest anplitude occurs at peak v which

also is the nost stable of various peaks.

A click stimulus is used in evoking a brai nstem response
because it creates an abrupt pressure change within the
peri pheral hearing apparatus and auditory pat hways produci ng
synchronous neural firings. Wich can be detected by surface

el ectrodes. (VWber, Seitz and McCQut cheon, 1981).

Tone pips or bursts with rise tines slower than 2.5nsec
do not elicit the early response (Cobb, Skinner and

Burns, 1977).
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Suzuki and Horiuchi (198l) recomrend rise tines of
3,2,1.5 and 1 nsec for puretone pipe of 0.5, 1,2 and 4 KHz
respectively. A 5 nsec rise tine is best for frequency
specificity and response recogni zability(Stapells &
Picton, 1981). BERis prinarily on onset response (Hecox,
Squi res and Gal anbos, 1976) produced by the onset of the

signal and unrelated to signal duration (Skinner,1978).

Jewett and WIliston(1971) have found good brai nstem
responses with click sensation levels at 60 and 75 dB and
rate of presentation 2 per sec. Hood(l97l) recomends

3 per sec.

Brai nst em response consi sts of seven waves when sti mul
are applied at slowrepetition rates (1 to 10/ Sec) and at
faster repetition rates (33.3/Sec) wave V is the nost
prom nent (Mkotoff et al,1977). Rowe(l98l) recomrends a
stimulus rate of 30 to 50/ Sec for acuity testing. The
early response (4 to 8 nsec) nay be obtained with very high
stimulus repetition rates but optimally with 5 to 10 per second

and requires 1000 or nore stinmnulus sanpl es(Glattke, 1975).

An anal ysis band pass of 1.6 to 2500Hz gi ves cl earest
early response (Jewett and WIIliston.,1971). Motokoff etal
(1977) recommend a band pass of 100 to 3000Hz Laukli &
Mair(198I)find a wi de band pass of 2-5000Hz suit abl e.
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Berlin(1978) and Rowe(198l) finds nonaural stimulation

to be nore sensitive than bi naural .

Mean behavioral click threshold obtained froma group
of nornal listeners can be used as the QdB reference
intensity for Brai nstem Response Audi onetry(VWeber, Seitz
and McCQut cheon, 1981) .

The abrupt signal risetimes required to elicit the
br ai nst em response produce w de energy, dispersion across
frequency (Skinner,1978). |In order to overcone this,
Picton etal (1 979) proposed the use of 'notched noise'
masking to limt the tone response to a specific region of

cochlea. This yields nore accurate threshold i nformation.

Brai nstem response nay be neasured using surface
el ectrodes on the scal p(vertex) and on the earl obe or

mast oi d( Hood, 1975)

Terki | dsen and Gsterhamel (1981) found a pair of
electrically linked el ectrodes one on each side of the neck
to be useful as reference el ectrodes for active vertex

el ectr ode.

Stapells and Picton(198l) recomrend that reference
el ectrode shoul d be | ower down the mastoid to avoid

distortion of early response by post auricular reflexes.
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Brai nstem response i s not dependent upon subject
arousal levels and therefore a mld sedative, natural
sl eep or even general anasthesia can be used to aid
Brai nstem response audi onetry when necessary. (Fujikawa
and Weber, 1977). Early response can be recorded nore
reliably in relaxed or sleeping subjects as they are of
very | ow vol tage and nay be observed easily by nyogenic

potential s (Ski nner, 1978).

Researches agree that fifth wave, the so called

Jewett (J ) is the nost useful one for audionmetric purposes
\% \%

(Sohnmer and Fei nnesser, 1970; Hood, 1975; Davi s, 1976;
Gal anbos, 1976; Meuni er and May, 1976).

The latency of J, peak has been found to be inversely
proportional to the intensity of the stimulus wth nean
nornmal adult latency of 4.6 to 5.1 nsec. During infancy,
Jy latency progressively shortens to attain adult val ue
between 12 to 18 nonths. (Hecox and Gal anbos, 1974; Sal arny
etal,1976. (See fig.4)

Figure-4

Brai nstem evoked responses at three age |evels: Each

tracing represents sumof 1000 to 2000 responses to 1 nsec

nonaural click delivered 30 times per sec.
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This latency shift has been attributed to recedi ng
conductive hearing | oss due to progressive resorption of
mddl e ear nmesenchyne with gestational age by Hecox and

Gl anbos(1974) and Berlin(1978).

Rowe( | 981) recomends absol ute peak | atencies to be

taken in to consideration for neasurenment of hearing accuity.

Brai nst em evoked response audionetry is gaining w de

acceptance for evaluating hearing in children.

Jerger and Hayes(1976) recommended the procedure as a
useful cross check in determning hearing | evels of young

difficult-to-test patients.

Mot okof f et al (1977) tested children from6 week
old to 15 years and defined followng criteria to

Identify hearing | oss-

1) No response to a 60 dBHL stinul us

1) awave Vlatency, in response to 60 dB stimul us,
that is prolonged for the age of the patient and
(3) absence of response or an abnornally prol onged wave

| atency at one or nore stimulus intensities bel ow 60 dB.
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Jerger and Maul di n(1978) by carrying out correl ationa
anal ysi s between BER threshold, BER |atency and ot her audionetric
indices in ears with different configuration and degree of
sensorineural hearing | oss, concluded that - "Average
puretone threshold for 1,2 and 4KHz is nost accurately
predicted by multiplying BER threshold by 0.6". But
standard error of estimate of predictions was relatively

| arge (15-16 dB).

Jerger, Hayes and Jordan(l980) gave three categories
of auditory sensitivity depending on results of BER
audi onetry on children as foll ows-
1) Nornmal sensitivity/mld sensitivity |oss
-presence of Auditory Brai nstemresponse(ABR) in
either or both ears at 40 dBHL.
i) Moderate-Severe sensitivity |oss
-ABRin either ear to signals of 50 to 90 dBH.
iii) Profound sensitivity |oss

- Absence of an ABRin both ears to signals at 90dBHL.

Stein, Q(zdamar and Schnabel (1981) used BER audi onetry
with 82 devel opnental |y del ayed infants and children
suspected of being deaf and blind. Their criteria for

interpretation of responses is given in table 1.

Threshol ds obtai ned by BER audionetry on 24 infants
were | ower than those obtained by recording heart rate change

as a response neasure (Gl anbos & Gl anbos, 1975).
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Criteria for interpretation of Brainstemevoked response

Tabl e-1
Cat egory I nterpretation Qiteria
A Audi ol ogi cal |y and (1) Detectable wave V at an

Neur ol ogi cal |y
nor mal

Audi ol ogi cal |y _
abnor mal , neur ol ogi -

cally normal .

Neurol ogi cal |y
abnorna?,

cally normal

Audi ol ogi cal |y

abnor nal and/ or
neurol ogi cal ly
abnor mal

audi ol ogi -

(2)

(1)
(2)

intensity level of 30 dBHL

Latency intensity curve for
wave V within the range
established for normals by
age.

Det ect abl e wave V at an
intensity |evel of 30dBHL

Latency intensity curve that
deviates either in a parallel
or falling manner from the
normal curve for age.

Presence of a 1-v wave
interval within established
normal range or |atency of
wave v at high intensity
within the normal range for
age.

Det ect abl e wave v at an
intensity | evel of 30 dBHL

Prol ongation of 1-v, 1-111
or 111-v wave i nterva

Di stortion of conponent
waves.

No Auditory brainstem
response at maxi num
intensities.

Wave 1 but no conponent
waves

Det ect abl e wave V prol onged

in latency, no detectable
wave 1.
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Fuj i kana and Weber (1977) found that increasing the rate
of click presentation and thereby increasing the stress on
the systemhelps in the earlier detection of brainstem
di sorders. This was shown as greater |latency shifts in
infants, geriatric adults and rmultisclerotic patient than
young adults. They altribute this shift to | oss of

nyelization and | oss of cell count.

Davi s(i976) summarizes clinical inportance of Brainstem
Response audi onetry to include wave form consi stency, easy
recordability and optinal |atency-slow enough to avoid
confusion with cochl ear m crophonic yet fast enough to

avoi d bei ng nasked by the earliest muscle refl exes.

Berlin(i978) warns agai nst exclusive use of BER
audionetry with children because at high intensity |evels,
transcranial transmssion nay take place at the |evel of
Jv nmaking it unsure as to which ear has yiel ded response.

He reconmmends BER audionetry to be included in test battery.

BER audi onetry involves signals with short rise tine
and hence responses reflect predomnantly the basal turn

of the Cochlea(Davis, 1976).

Rose et al (1967) reported that synchronous firings of
units of auditory nervous systemto | ow frequency tones

can be recorded.
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Based on this principle, Wrden and Marsh(l 969)
described ' Frequency followi ng response' (FFR). It is a

m crophoni ¢ |ike response which follows the driving frequency

of the stimulus.(See fig.b5)

Figure-5

Sanpl e FFR to 500H, tone bur st

For recording this response, Stillnman, Mushegi an and
Rupert (1976) use a vertex target electrode, a reference,
right earlobe electrode and a ground el ectrode placed on

opposi te ear | obe.

A high gain high frequency preanplifier is used with
low frequency limt set in the preanplifier to allow |ow

frequency synchronous di schar ges.

Response is clearly observed for tones 500Hz & bel ow.
Rse tine of toneis 4 to 5 msec. |If a stimulus of frequency

250Hz is presented to cochlea, a group of firings from
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units of cochlea in synchrony with phase angl e of 2$0Hz

tone is elicited.

Davis and H rsh(1979) reported a sl ow negative response
at 10 nsec post stimulus (SNip). It seens to termnate the
brai nstem sequence. Source is thought to be dendritic

materi al .

It can be elicited by tone pips of 500, 1000 and 2000Hz

at lowintensity levels and cli cks.

SNijg can be recorded with active el ectrode on forehead,

reference on right nastoid and ground on | eft nastoid.

Latency in newborn is longer than adults. SNy provided
nore information than Jv in newborn subjects. SNy can be

useful as a threshold indicator for |ow frequencies.

(b) The m ddl e response:

The mddl e response is conprised of a series of fast
waves(5 to 100Hz) (Col dstein, 1969). There is much controversy

regarding the origin of mddle response.

Wiile Gisler, Frishkopf and Rosenblith(1958) believed
that the conponent was of neural origin, Bickford,Jacobson
and cody(1964) indicated it to be nyogeni c because response
anpl i tude changed systenatically with variation in tonus
of necknuscles. Geisler(1964) proposed that the mddle
response was neurol ogically generated with anplitude dependent

on nuscl e tension.
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The m ddl e Response when recorded from postauricul ar
| ocation is nyogenic. (Kiang et al, 1963, Cody et al, 1964)
Mast (1963, 1965) reported that the mddl e response conprised
of both neurogeni c and nyogeni ¢ conponents as the response

recorded fromvertex was consistent with nuscle contracti on.

Neurogenic origin of the response has been supported
by several investigators, (Borsanyi and Bl anchard, 1964;

Lowel I, 1965; Col dstein, 1965; Ruhmet al , 1967).

The mddl e response is presuned to be arising from

primary cortical projection areas(Coldstein, 1969).

Lowel | (1965), Ruhmet al (1967), ol dstein(1969) have
described the wave form of the mddl e response as conpri si ng
of two positive peaks P, and Pa at 12 and 32 nsec | atencies
respectively and three negative peaks Ny , Na and Nbo at

| atencies of 8,18 and 52 respectively. (See fig.6)

Fi gure-6

e
N“ 52

15 Mv
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Lowell et al (1960) reported that the anplitude of the
m ddl e response increases with the decrease in stinmulus
rate. Qptinumstimulus repitition rate of 10 per sec is
best for clinical measurenent of the mddl e response

(Mendel , 1973).

Response anplitude increases in direct relation with

stinmulus intensity.

Ski nner and Antinoro(1969b)found that stimuli wth fast
rise time (10 sec) were nost effective in eliciting the

m ddl e response.

Lane and Kupper nan(1969) and Skinner and Anti noro(1970)

found mddl e response to be unaffected by signal duration.

Filtered clicks and tone pips have been used to elicit
the mddl e response, but interpretation of frequency

information is difficult with such stimli(Hood, 1975).

The response waveform characteristics of the mddle
response are stable and unaffected by natural sl|eep(Mndel

and Col dstein, 1969) or S eep because of sedati on(Mendel, 1973)

Kar | ovi ch and ol dstei n(1969) suggest 500 or nore
stimulus sanples to be taken for analysis of the mddle

response.

Wth the finding of close(within 5 or 10 dB usually)

agreenent between m ddl e response threshol ds and behavi or
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thresholds for the same stinuli, mddl e response threshold can
be used as an indicator of auditory sensitivity (Ceisler

et al, 1958; Coldstein and Rodman, 1967; Lowel | et al, 1960;
Mast , 1965)

Davis et al (1974) Skinner(1973) found m ddl e responses

to be inconsistent to allow any estimate of threshol d.

M Randle, Smth & CGoldstein(1974) could elicit mddle
response in newborns during sleep with clicks at 55dBHL.
These authors find this response to be useful in threshol d
audi onetry for neonates.

(c) The |l ate response-

The | ate response conprises of 'slow waves' (2 to 10Hz)
presumably arising fromprinmary cortical projection and

sensory associ ati on areas(Appl eby, 1964; Scott, 1965).

The | ate response was described in |964(Davis, 1964,
Davis et al, 1964; Dubyshire and Mccandl ess 1964; Mcandl ess
and Best, 1964; Wl ter, 1964;)

This response is generally accepted as neurogenic in
origin. It is a diffuse response that is easily recordabl e
fromnearly anywhere on the scal p, but has its |argest

anpl i tude when recorded fromthe vertex(Davis, 1939).

Wiile | ate responses can be evoked by auditory, visual

and tactile signals, and recorded fromnany areas on the
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cortex the wave forns differ anong sensory nodalities, auditory

stimuli eliciting largest anplitude. (Walter, 1964).

Late response in sleeping subjects probably gives rise
to "K conpl ex" a special pattern of EEG reported by Loom s

et al (1938) and Davis et al (1939).

Wave formof the late response is pol yphasic with
vertex positive peaks at about P 75 and P, 200 nsec and

vertex negative peaks at about N 150 and N, 275 nsec.

Increase in the |late response anplitude wth decreased
rate of signal presentation has been reported by several
I nvestigators (Keidel and spreng, 1965; Davis et al, 1966;
Nel son and Lassman, 1968). Al though one signal per 10 sec.
yielded | argest anplitude, it is too tineconsumng for
clinical use. MCandl ess and Best (1966b)reported repetition
rates of 1 click per 2 sec or slower to be satisfactory for
eliciting late response. Irregular rather than constant
interstimulus internal pronotes a higher anplitude response

(Barnet, 1971).

Lei bman and G- ahan(1967) and Rose and Ruhn{ 1966)
indicated that 100 or nore signals nmay be used without risk
of inhibition. The |east nunber of runs reported to be
adequate are from32 (Davis et al, 1966) to about 50(Cody
and Bi ckford, 1965; Lei bnan and G aham 1967, M Candl ess and
Best, 1964; price and CGol dstei n, 1966) .
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Many studi es have denonstrated that an increase in
i ntensity produces an increase in peak anplitude and a
decrease in | atency. Skinner and Antinoro (1969b)and
Antinoro et al,(1969) have shown that the relationship
between signal intensity in dB and | ate response anplitude

in mcrovolts is linear for | ow and mddl e frequenci es.

Anplitudes for fairly loud click stingli(50 to 70dBSL)
range from 10 to 20 volts and get quite snall as

behavi oral threshold is approached (Davis, 1965).

A distinctive drop in the anplitude of |ate response
when rise time of the stimulus reached 30 nsec(ni shi and
Davis, 1968) was observed. Thus, arise tinme of 25 to 30nsec
is optimal since it is gradual enough to produce a puretone
and sufficiently abrupt enough to evoke a clear late

response.

Mishi & Davis (1968) reported that with optimal rise
time of 25 to 30 nsec no effect of signal duration on |ate
response anplitude. Skinner and Jones(1968) al so did not
find any consistent change in response anplitude with

change in signal duration.

Barnet recomrends signal duration of 100nsec while
price and ol dstei n(1966) used signal duration of 30nsec

in their study.

Several authors have reported that the anplitude of late

response decreases as test frequency goes above 1000Hz
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(Antinoro et al, 1969; Evans and Deat herage, 1969; Hender son,
1972; Rot hman and Davi s, 1970) .

Hender son(1972)reported that the | ate response threshol ds
were within 10dB of behavioral thresholds at 250 and 500Hz
whil e at 4000 and 6000Hz, |ate response threshol ds were

20dB poorer than behavioral threshol ds.

An anal ysis band pass of 3 to 15Hz is optimal for
children and 1.5 to 30 Hz for testing adults (Hood, 1975)
Davis and N envel | er (1968) suggest band pass of 3 to 35Hz
for children inorder to fitter out |ow frequency novenent

artifacts and high frequency nuscle potential s.

H ectrode arrangenent consists of an active el ectrode
on vertex of skull on interaural plane, reference el ectrode
on ipsilateral earlobe and ground el ectrode clipped to contra-
| ateral ear. Test stinulus may be presented through earphones,
free field speaker or bone conduction vibrator (M candl ess,

1967)..

The late response is highly influenced by the age of
the subject. Price and CGol dstei n(1966) found decrease in
| atency and anplitude of the |ate response with increase in
age. (See figure7) By the age of 7 years the | ate response
appears nuch like an adult's response(See fig. 7)

(Davis et al, 1967)
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M candl ess and Best (1966a)and Davis and Zerlin(1966)
concl uded that the evoked response is highly variable
at all ages, between subjects and test/retest reliability

with the same subjects.

The wave formof the |ate response changes consi derably
and at tines unpredictably during both natural and sedated
sleep. Peak |atencies tend to becone | onger (Skinmer and

Antinoro, 1969a)as sleep gets deeper.

Rapi n and Bergman(1969) found that in waking children,
constant waves were Nl;o0 and P25, where as in sleeping
children the constant peaks were P2, N2 350/ 500 nsec and

soneti nes P3sp0 & 800 nsec. (see fig.8)
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WI |'i ans, Tapas and Morl och(1962) reported that during
certain stages of sleep, in the adult, a |large negative
peak occurs at about 300 nsec which appears to be an
exaggerated NL. This negative conponent in sleeping children
is a good indicator of hearing. (Price & ol dstein, 1966)
(See fig. 9)
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Peak | atencies tend to becone | onger (Skinner &

Anti noro, 1969a) as sl eep gets deeper.

Any nedi cation which affects ongoing EEG activity is
likely to affect evoked response. The | ate conponents of
the response are observed when the patient is sedated with
pentothol (Price & Goldstein, 1966; Rapin and G azi ani, 1967).
Rapi n and G azi ani (1967) reported good results with children
sedated with chlorpromazi ne. Late negative conponent of
response at about 300 nsec(N) is enhanced by pentobarbit al

sodi umi nduced sl eep.

Price(1975) recommends an anal ysis tinme of 750/ 1000 nsec
in sleeping infants inorder to insure against |oss of

I nf ormat i on.

Wl ter(1964) reported that habituation, a progressive
attenuation of a cerebral response to nonotonous presentation
of regular stinmuli, is a promnent feature of evoked response
Weber (1972) did not notice any evidence of habituation in

twelve i nfants (14-18 week ol d).

In very young children for interpretation of late
responses, norns are of very little value(M candl ess, 1967;
Lentz and Mccandl ess, 1971; price, 1969; Price & Gol dstein,
1966). A typical responses are the rule rather than exception
I n these popul ati ons of young children where it woul d be

nost useful .
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Rose and Ruhn{1966) nade a significant contribution
to clinical practice with the evoked response by suggesting
the use of a silent run during which tinme, the EEG activity
I's averaged but no acoustic stinulus is presented to the
subject. Results fromthe silent run are then conpared to

results froma stimulus presentation run.

Price(1975) suggests conbining silent run and stinul us
presentation run by extending (by about 500 nsecs) the
conputer analysis tine and triggering the sweep of conputer
500nmsec. Prior to onset of each stimulus. Then corti cal
activity during prestimulus period can be conpared with
post stimulus period activity. Wen the stimuli are bel ow
threshol d, pre and post stinulus averages are simlar. Wen
stimuli are above threshol d responses are clearly evident

I n post stinmulus portion.

Late response has been used for auditory threshold

testing in children by nmany investigators.

Davis et al (1967) found the difference between | ate
response threshol ds and behavi or threshol d obtained with
sane stinmuli, to be 0.1dB in deaf subjects. Mcandl ess(l967)
found that evoked response thresholds tended to be poorer by
5-10dB than threshol ds obtained by play audionmetry in
children between ages of 3 and 7 years. Rose and Rttnanic
(1968), in their study of nornmally hearing nmentally retarded

children found the difference between voluntary threshold and
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evoked response threshold to be 10 dB.

Suzuki and Oiguchi (1969) found evoked response techni que
to be nost sensitive in severe hearing inpairnents, the late
response threshold differing by 0.43 dB from conditi oned

orientation reflex threshol d.

Rapin, QGaziani and Lyttle(l969) gave following criteria
for interpretation of evoked response threshold- i) Threshold
40 dB or less-mld loss 1i)45-70 dB threshol d-noderate | oss
and iii) 75dB or nore threshol d-severe | oss. They could
establish normal hearing by evoked response threshol d
criteriain 11 children who had been di agnosed as hearing

| npai red by behavi oral response audi onetry.

Suzuki, Taguchi and Yoda(1979) found | ate response or
sl ow vertex response nore reliable for audionetry in
children with sensorineural hearing | oss, even when they

are asl eep.

Sone investigators have directed their attention toward
infants. Appl eby(1964) reported that 85%of 40 neonates
(2-10 days ol d) responded to 50 dB pi ps when evoked responses

of vertex positive conponent were obtained.

Evoked responses in neonates ranged from 45dB to 60dB
(Barnet and Godwi n, 1965; Suzuki et al, 1966; Toriyama
et al, 1966)
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Taguchi et al (1969) on testing O to 4 day old infants
found better evoked response thresholds for |ower frequencies

and slightly better thresholds in sonewhat ol der infants.

Evoked response thresholds for prenature infants(59 dBH.)
was higher than those for nornal infants (43 dBH.) (Lentz and
Mccandl ess, 1971).

Barnet (1971) reported that nearly half of the infants
suspected of having a hearing | oss did have a hearing |oss

when examned wi th evoked response audi onetric techni ques.

Lowel I, Lowel|l and Goodhill (1975) found consi derabl e
agreenent between test and retest results in a |ongitudinal

study on evoked response audionetry in children.

Price(1969) cautions clinicians against false positive
j udgenents where the patient is judged to have an auditory
perceptual problem to be a nmalingerer, or to have a
Psychogeni ¢ hearing | osses or false negative errors where
true organic threshol ds are exaggerated. False positives
nmay be reduced by establishing strict criteria for responses
and by obtaining frequent reference series. By repeating
the anal ysis several times for interpretation, false

negatives nmay be m nim zed.

(d) Very late responses:

The 'very late' responses have been described as the
' expectancy wave' which is the last peak in the |ate

response (Davis, 1973) and the 'contingent negative variation
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which is a long | atency negative potential (DC shift)
(Walter, 1964). Both types of responses can be related to
specific conditioning stinmuli to test certain cognitive or
Psychol ogi cal operations in children as well as in adults
(Skinner, 1978). They do not cone under objective hearing

tests as they require active participation of the subject.

2. ELECTROOOCH_ECERAPHY:

The term ' H ectrocochl eography' was coined by | enpert
et al (1947). Wich involves recording and anal ysi s of
electrical potentials that originate within the cochl ea

or the auditory nerve.

There are three classes of electrical potentials,
anal ysed in Ecoch G- 1) The cochl ear M crophoni c(CV
descri bed by wever and Bray(1930) as originating from hair
cells of organ of corti ii)the action potential (AP) from
the auditory nerve noted initially by Derbyshire and
Davi s(1935) and iii) the summati ng potential (SP)
identified by Davis (1950).

Cochl ear M crophonic reflects the acoustic stinmulus
wavef orm over a considerable frequency and intensity range
(Wever,1966). It is the earliest of three potentials,
occuring nearly instantaneously after a stimulus reaches
the cochlea. (Simmons and d attke, 1975). It is extrenely

risky to use cochlear M crophonic as an index of auditory
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thresholds or site of lesion though it has been suggested
(Ruben, 1967). Reason is that CMrecorded from outside the
cochlea indicates response froma snall segment of cochl ea
(Msrahy et al, 1958; S mmons and Beatty, 1962) correspondi ng
to frequencies above 10KHz. For neasuring OM response to

| oner frequencies, electrodes have to be placed within

the cochlea which is not a possibility in clinica

Ecochd Dal | 0s, 1969, 1973).

The SP conponent is a do shift in response to stinulation
(Van Bekesy, 1960), which is not in contention as an i ndex
of normal cochlear function in humans. (S mons &

d attke, 1975).

The AP has been thought to originate in the internal
auditory neatus where the fibres fromthe spiral ganglion
twist together to forma conpact bundle (Tear et al, 1962;
Dal | ow, 1973). Derbyshire and Davi s(1935) suggested that
the AP recorded from the roundw ndow and its sorroundi ngs
originated fromnerve fibres in bony spiral |amna.

"The AP has proven to be the nost sensitive indicator of
the functional state of the peripheral auditory system

yielding informati on about both the threshold and supra
threshold characteristics of the cochlea and auditory

nerve". (dattke, 1978).

The individual nerve fibres produce unitory 'spike
di scharges of constant anplitude and duration. Sum of these

spi ke potentials is the conpound Action potential (Berlin, 1978).
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Froomet al (1935) were the first ones to pick up
cochl ear potentials fromthe human ear. They reported good
recordi ngs of cochl ear m crophonic fromround w ndow ni che,
otic capsul e pronontory, mastoid process and wal | s of
external auditory canal on testing patients with |arge

perforations of tynpanic nenbrane.

Lenpert et al (1947) reported EcochG resul ts conduct ed
at the tinme of surgery in 11 patients. They reported that
potentials recorded from roundw ndow yi el ded | ar gest
potentials with hypodermc needle inserted in the skin of
external ear as inactive electrode, Lenpert et al (I950)
found that it was difficult to carry out EcochG through intat
tynpani ¢ menbrane and hence suggested that the procedure

was clinically inpractical.

Ruben(1967) reported that it was not possible to obtain
specific information about anount of frequency characteristics

of hearing | oss by recording CM and AP.

The use of an averaging conputer (Qark et al 1961)
was extended to human cochl ear recordi ngs by Roni s(1966).
As this procedure permtted recording of very snall voltage
responses, it was no | onger necessary to place the el ectrode

as close as possible to the organ of Corti.

E ectrodes and recording sites used in EcochG fall in

to three groups: i)transtynpani c needl e el ectrodes, mnaking
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contact wth the pronontory of cochlea ii)intraneatal
surface electrodes and iii) Surface el ectrodes attached

outsi de the ear canal (d attke, 1978).

Port man, Lebert and Aran(1967) and Yoshi e Chashi and
Suzuki (1 967) devel oped Transt ynpani ¢ nmenbrane techni que.
El ectrodes are hyperdermc needl es, 3-6 inches in | ength,
I nsul ated except at the point and outer ends. Needle point
after passing through posterior/inferior quadrapt of
t ynpani ¢ nmenbrane contacts the pronontory. It is held in
pl ace by nedi cal grade cenent applied to tragus(Yoshie, 1973)
or circumaural ring held in place by a headband(Port nman
and Aran, 1971). Reference electrode is attached to earl obe
on the same side and a ground el ectrode placed on the
forehead. (eneral anesthesia is used in young and difficult
to test children to permt electrode placenment and
subsequent recording (Eggernont and Qdent hal , 1974a |
Naunt on and Zerlin, 1976a).

Intranmeatal surface electrodes are placed within the
external neatus near the tynpani c nmenbrane(Yoshi and Chashi,
1969; Qullen etal, 1973; Coats, 1974) Local anesthesiais
used to place the electrode in the skin of posterior wall
of external Canal 5mmfromthe annulus of the tynpanic
nmenbrane. Reference electrode is placed on the earl obe

and ground on the forehead.
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Surface el ectrodes outside of the ear include those
which are clipped to the earlobe (Sohrmer and Fei nnesser, 1967)
or fitted to a device which holds themin contact with the

hard pal ate (Kei del, 1971).

Transtynpani ¢ technique is appropriate when conventiona
behavi oral and other forns of objective techni que have
produced equi vocal results. (Schmdt and Spoor, 1974;

Mont andon et al , 1975).

The AP can be elicited only if rise tine of the stinulus
Is faster than 1 nsec. ((oldstein and Kiang, 1958). So
clicks or tone bursts are used in EcochG for the purpose
of providing abruptness (Portnmann and Aran, 1971; Yoshi e,
1968, 1973; Eggernont, 1974; Naunton and Zerlin, 1976b).

The phase of each signal can be held constant or
i nverted 180° during the course of gathering responses.
Then the QM portion of the observed responses will mmc
the phase of click or tone pip and when signal is inverted
180° and presented, CMportion gets cancelled. (Peake and
Ki ang; Dallos, 1973). Meanwhile the summred Action potenti al

Is free of mcrophonic influence.

Measurenent of the sound pressure |evel for clicks and
tone pi ps cannot be acconplished with conventional sound
| evel neters because the signals are too brief to be read

accurately by neter. Teas, H dredge and Davi s(1962) have
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suggested the nethod of determ ning peak equival ent SPL.
The transducer is placed in the usual position far EcochG
and the mcrophone is placed in a position corresponding to
| ocation of patient's pinna output of the nonitoring mcro-
phone is observed on an oscilloscope while clicks or tone
pi ps are generated by the transducer. The peak anplitude
and principal frequency of transducer output are noted.
Then a continuous sinusoid is given instead of tone pip

or clicks and is matched to the anplitude and frequency
noted previously . Sound pressure |level is neasured for
this substitute signal and it is called peak equival ent

SPL.

In clinical practice, it has becone comon to express
signal levels in dBwth reference to nean click or tone

pip threshold for nornmal |isteners.

Rate of presentation of clicks or tone pipsis 5 to 10
per sec. (dattke, 1978). Eggernont and odent hal , (1974 a)
found that there was 50%reduction in anplitude of the AP

when stimulation rate was increased to about 30 per sec.

Pronmontory recording requires between 50 and 500 sanpl es
for analysis where as intraneatal and surface recordi ngs

requi re nore than 500 sanpl es, (4 attke, 1978).

Typi cal apparatus used for EcochGis described here.

A small netal cup attached to the active electrode's outer
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end is connected to the preanplifier lead. The differentia

I nput anplifier concels the electrical noise, conmmon to active
and reference el ectrodes and enhances the AP. The fitters are
set from0.9 Hz through 10KHz (S mmons and d att ke, 1975)

with total gain in anplification 10,000 to 100,000 in order

to provide | evels adequate for conputer processing. Conputer
nust be able to sanple the evoked activity fromthe

recording anplifier and return to get next sanple at a rate

twice that of highest frequency passed by anplifier.

Yoshie et al (1967) describe a typical action potential
response, as an initial wave N, followed 1 sec later by a
snal l er negative wave N, and followed occasionally |ater
by a still snaller negative Wave N; latency of N, is defined
as the time between arrival of click at the eardrumto the
peak of N. The anplitude of the response is neasured
fromthe idealized baseline drawn through the tracing of
spont aneous activity at the zero response |level to the peak
of the wave. (See Fig. 10).

Figure=-10
Electro cochleographic  averaged  yesponse
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Aran(1971 is nore interested in the dynamc range of
variation rather than absolute anplitude of the N, response.
He neasures peak-to-peak anplitude of the response and the
| atency of the first negative peak Ny . He reports that
the waveformis diphasic (Negative wave positive wave)
at low and nmediumintensities and nonophasic (negative

wave only) at high intensities.

The plot of N, peak latency and rel ative anplitude
against stinmulus intensity is called cochl eogram

(S mmons & d attke, 1978).

Yoshi e(1968) exam ned | nput/output functions which
plotted click intensity against anplitude of N, wave in
mcrovolts. He found that the curves rise rapidly in the
begining fromthreshold level to an initial hunp and then
rise again to a second hunp which is the maxi mal |evel of
output. Yoshie designated the |ow and high intensity
portions of action potential response as L and H curves
respectively. A 70 to 80dB peak equivalent SPL, the

curve shows the inflection point.

Aran(1971) has an interesting techni que of show ng
several types of results on sane cochl eogram i ncl udi ng
threshol d of response to click, the pattern or input-output
function of the click evoked response at supra threshold
| evel s and anplitude and | atency pattern of many curves.
(See fig. 11)
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Yoshi e and Chashi (1969) have EcochG patterns for

i) Nornmal hearing subjects as N, curve show ng two distinct
segrments of input-output function(L and H curve) which

m ght have been generated by different popul ation of
neurons stimulated by different class of sensory cells.

ii) Conductive hearing | oss as showing a latency shift for
the N, wave and anplitude change that was proportional to
the degree of | oss.

iii) Sensorineural hearing |oss denonstrating an overal
reduction in the anplitude of N, which nay be related to
reduced nunber of neurons capable of firing, disappearance
of L-segnent of input-output function indicating specific
goup of pathol ogical hair cells and a prolonged N, because of

neural delay from asynchrony of neural inpul ses.
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Tone pip signals result in Ap responses with anplitude
and | atency characteristics which are related to the
frequency region and tenporal features of the individual

si gnal .

It was reported fromEggernont and Gdenthal (1974b)and
Naunton and Zerlin (1976a)that EcochG threshol ds nay be
greater than 10 dB above perceptual thresholds for 500 and
1000Hz tone pips, but that they are likely to be within
10dB of perceptual thresholds for 2000, 4000 and 8000Hz.

Portman, Aran and Lagourgue(1973) reported 'recruiting
cochl eogram associated with sensorineural hearing | oss.
Here the response grows in anplitude very rapidly wthout a
pl ateau catching upto the anplitude of a nornal subject at
the sane level of intensity, although it is considerably
closer to the threshold of recruiting patient. The |atency
of response will be very short failing to show the progression
seen in normal cochl eograns. A diphasic response patternis
seen at all sound |l evels. Audiogramin such a case shows
sloping or flat configuration. The change in slope of
response curve which usually occurs around 60dB threshol d
reflects transition fromouter hair cells and inner hair
cells. Therefore recruiting Cochl eogram shows damage to

outer hair cells (Yoshie, 1971; and Portnman et al, 1973)

D sassoci ated pattern of cochleogramin sensori neural

heari ng | oss cases was reported by Aran et al (1971).
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Audi ogram shows nornmal hearing till 2000Hz, a notch of
60dB at 6000Hz and near nornal threshold at 8000Hz Ap
response threshold is slightly elevated with the response
function growing nornally till 60dB. At 60dB, a 'new

N, conponent appears which dom nates the response at higher
click intensities. In cochleogram this change in wave
formis reflected as abrupt disjuncture of anplitude and

| atency curves at 60dB. This hole in the cochl eogram
corresponds to loss of sensitivity between 2 and 8KHz.

(S mmons & d attke, 1975).

The 'larges' (broad) responses where there is flattening
or broadening of N, response is observed in patients with
retrocochl ear |esion(Portman & Aran, 1972). An ' Abnornal’

AP configuration with an initial positive conponent before
N, conponent nay represent a conbi ned cochl ear disorder

and a nore general brain pathol ogy.

B ectrocochl eography is a physiological test of cochlear
function in individuals who cannot be tested by conventi onal
audi onetry and whose responses to other el ectrophysiol ogi cal

tests are equivocal. (S mons & d attke, 1975).

Aran(1971) reports results obtained from 29 children
(as young as 1 nonth of age) on el ectrocochl eography. He
found no response to click stinmulus of 100dBSPI in 9 children,
slight responses at 100dB in 3 children; in 7 of them clear

responses to | evels between 60 and 90dB; 6 children show ng
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clear responses between 0 and 30 dB and 4 show ng 'abnornal’

response with positive peak.

Sohner and Fei nnesser (1967, 1973) report good results
obtained with an active earlobe clip electrode and a
reference scalp vertex disc electrode in infants and childre]
Wi th suspected hearing | oss or uncertain diagnosis. 1In 22
cases, absence of EcochG response confirnmed periphera
hearing | oss, normal cochleogramin 13 cases indicated that
behavi oral hearing | oss was not peripheral in origin, in?2
children EcochG provi ded hearing evidence confirned | ater
by behavioral techniques and in 22 infants, there was
abnormal responses with high thresholds, small anplitudes or
long | atencies. Sedation seened to have little effect on

Action potential response.

Parving, BEberling and Sal onon(l981) tested 149 children
with age ranging from2 to 123 nonths with EcochG There
was high correl ati on between EcochG threshol ds and puretone
thresholds in 53 children. Wen a conparison between
Behavi or observati on Audi onetry (BQA) and EcochG threshol ds
was made, it Was found that BOA underestinates degree of
heari ngl oss. EcochG gives valid estinmates of hearing

t hreshol ds even in young chil dren.

e of the advantages of EcochGis that each ear can be
studi ed i ndependently w th naski ng obviously unnecessary

(Berlin,1978). Northern and Downs(1978) hope that EcochG
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may aid in evaluating an infant's potential for hearing aid
fittings or educational placenent by testing his auditory

sensitivity.

But EcochG gives information only about basal turn of
cochlea i.e., frequencies above 1500Hz. On | owf requency
stimul ation, even though correspondi ng neural fibres
I nnervating cochlea respond, their contribution cannot be
det ected because the |arge anplitude basal response

obscures them (Davis, 1973).

When hi gh pass bands of noi se that progressively
extend to |l ower cut off frequencies are used, responses
evol ving from progressively nore apical cochlear regions are

obtai ned (S mons and 4 att ke, 1975).

3. BELECTRO DERVAL R PSYGHO GALVAN C RESPONSE AUD QVETRY

Psychogal vani c refl ex(PGSR) or el ectrodermal response
(EDR) was observed first by Fere(l888), named by Veraguth
(1909)and was reportedly used to neasure hearing sensitivity

by Al brecht (1918).

For the assessnent of PGSR two basic nethods were
devel oped (Lindsley,1963)- i) The exosornatic approach of
Fere which invol ves recordi ng the degree of resistance
offered by the skin in conducting an externally applied,
| ow voltage current. Term Galvanic skin Reflex is enpl oyed

to describe dernal responses detected by Fere nethod.
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i i) Tarachnoff nethod of endosonatic approach where
difference in electrical potentials generated by effector
organs of skin are neasured. This is called el ectroderna

response. Fere approach is nore frequently used(Hogan, 1975).

Bordl ey, Hardy and R chter(1948) utilizing nodern
audi onetric equi prent applied the technique of pairing pure
tone stimuli with mld electric shock. After severa
presentations, tone al one was capable of eliciting the

desi red PGSR

"The change in skin conductance which is the characteri-
stic precurs or of EDR can be elicited by virtually any
suprat hreshol d auditory or nonauditory stinmulus with or

w t hout conditioning".

The recording el ectrodes Can be attached to inner surface
of forearmor pal mof the hand. Shock el ectrodes can be
connected to one hand and response el ectrodes to other hand

for ease of application. (Knox, 1978).

Gol dstein reported that latency of GSRis within a
range from 1.8 to 2.9 secs. GSR tends to habituate on
repeated sound stimulation(Berlin,1978). In conditioning EDR
40%r ei nf orcement Schedul e (Chai klin etal 1961) and present -
tation of shock 0.5 sec. after the onset of tone are carried

out (Bitterman et al 1952).
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Qowell et al. (1965) observed GSRactivity ininfants as
early as 20 to 67 hours. There have been many studies
reporting application of PGSR technique in retarded children
(Irwinet al, 1957; Kodman et al, 1959; Moss et al, 1961,

Wal don, 1968). Spradlin, Locke and Fulton(l969) reviewed
the state of the art of EDA with nmentally retarded children

and found it to be essentially ineffective.

Knox (1972) suggests that uninhibited nature of children

al nost precludes them from bei ng candi dates for EDA

Conditioned EDR is difficult with children as it is
not objective and requires active participation fromthe
child. Unconditioned EDRis not a threshold | evel

assessi ng device (Berlin, 1978).

4. RESPI RATI ON ALDI OVETRY

Al t hough breathing pattern alternations had been

observed follow ng sound presentations, it was only |ater
that measurenent of these alterations were used to quantify
hearing sensitivity. The procedure has been terned

"Respiration audi onetry" (Bradford and Rousey, 1972).

Mosso, in the late nineteenth century, investigated
respiratory functioning of humans and ani mal s by recording
abdom nal and thoraci c novenents with a pneunograph. In
1878, he recorded his sleeping brother's respiration and

pul sepressure changes to the sound of light taps on a table top.
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St ubbs(1934) was the first person to conbi ne pneunograph
records and controlled auditory stimuli for the assessnent
of hearing. She examned the effects of duration, intensity
and frequency 6f puretones on respiration in newborn infants
while they were asl eep, in awake-inactive,silent active and
crying active states. Puretones in the intensity range
of 30 to 85 sensation |levels were given through a speaker.
Respi ration was recorded by pneunograph. Respiration
response were increase in rate and decrease in anplitude as
stimulus duration increased from1 to 15 sec. Snaller
percent age of responses occured with increase in intensity
Frequency of stimulus did not have nmuch effect on responses

nor did the physical states of infants.

Fromthis study onwards various investigators have
tried respiration audionetry with different kind of stimuli

and i nstrunentati on.

Rosenau( 2962, 1962b) recorded respi rati on novenents using
a kynograph connected to pneunograph, The forner recorded
the respiratory novenents of thorax and abdonen picked up
by the latter. He found noise stinmulus to be nore effective

than puretones for eliciting respiratory changes.

Wagner (1963) used a nodi fied Psychogal vanoneter and
constructed a different pneunobelt to inprove respiration
recordi ngs Lehnhardt(1963) introduced a cadmum sul fide

phot o pneunograph to record nore accurately thoracic



2. 46
novenents for air and bone conduction assessnents.

Mahl er and Wagner (1967) used inpul se puretone stinmuli
where as CGerhardt et al (1967) used rhythmc white noise

| npul ses synchroni zed with subject's respiration rate.

Suzuki et al (1964) used 500Hz tone and artificial
sound (cow nooing) for a duration of 4 to 5 sec. in 10dB
i ncrements from30 to 80dB. Low mddle and high frequency
nodul at ed puretones were the stimuli in Heron and Jacob's

study (1968, 1969) .

Teel et al (1967) reported the use of a mercury in
rubber strain gauge positioned around the chest of the
subject to pick up respiration changes. Straingauge is
attached to channel recorder through a wheat stone bridge
change in bal ance of the bridge circuit caused by respiration

novenents are anplified and fed to recording pen.

Bradf ord (1975) describe the respirati on audi onetry
equi prent as consisting of a bellow actuated photoel ectric
cell strain gauge, stinmulus tinmer and a two channel pol ygraph

recorder with heat sensitive paper(See fig. 12)

~figure-lc
_Schematic cbravo'mq of the respiration audiometry eguipmen
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The strain guage is fitted snugly but not tightly
around the chest of the person being tested. Myvenents of
the chest during respiration |engthen or contract the
bel | ons. The bell ows, changes are recorded on the pol ygraph
as upward deflections for inspiration and downward defl ections
for expiration. ne channel of polygraph serves as the
event marker to record the point and duration of 250 nsec.
stimulus tone and second channel records the respiration
cycle traces. The paper speed of pol ygraph can be set to
run at 5 and 10mm per sec. The anount of stylus deflection
is adjusted by a bal ance control knob so that anplitude
of respiration cycle recordings can Vary between 25 and 60mm
inwdth. Stimuli can be delivered fromthe audi oneter

t hrough bone conduction vibrator or earphones.

Kankkunen and Li den(1977) used warbl e and puretones of
frequencies 0.25,0,5,1.0,1.5,2.0,3.0 & 40KHz, presented
t hrough ear phones or | oudspeakers or Bone Conductor VM brator
Frequency nodul ati on was +5% 10 tines per sec. Recording
appar at us descri bed by them consisted of electrodes attached
on either side of chest with tapes and feel w th weak
current. Breathing novenents change air vol une of |ungs
resulting in alteration of inpedance. This can be picked up
as voltage variations by el ectrodes and recorded by an ink
recorder operating at a speed of 0.5cmisec. An event
marker to indicate tone stimilus is connected to one of

channel s of recorder.
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Many investigators have used Respiration audi onetry

in children to assess hearing.

Roseneu(1962a)in his sl eep-hearing test found that
nornmal hearing children had a nean reaction threshol d by
respiration from50 to 60dB at 125, 400, 1250 and 4000Hz.
D fference between' nean reaction threshold by respiration
and audionetric threshold was from40 to 55dB for those with
I nduced deafness and 34 to 39dB for organically deaf group.
Rosenau found that sleep had no effect on change of respiration.
Lehnhardt (1 963) reported threshold by respiration to be
el evated by 30dB in deep sleep and by 30 to 40dB with

sedation in children.

Rosey et al (1964) found |ow | evel stimuli evoking |arger
changes in respiration patterns. Suzuki et al (1964) in 45
normal neonates observed three respiration alterations: -

I )changes rate or deepness of respiration ii)Decrease in
regularity of respiratory novenents lasting 20 to 30 seconds
after auditory stinmulation and iii)appearance of sudden deep
inspiration increasing significantly at 70 and 80 dB intensity
| evel s. They found average of respiration responses to be

628dB.

Teel et al (1966) used respiration audionetry in subjects
between ages 7 and 21 years. They considered the threshol ds

obtai ned by respiration audionetry to be in agreenent if they
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were within 15dB of audionetric threshold 94% achi eved

this criteria.

Mahl er and Wagner (1967) report that both the sleep and
waki ng tests can be used with infants 6 nonths of age and

ol der using respiration audi onetry.

CGerhardt (1967) found increase in respiration rate with
increase in rate of stimuli and change in respiration rate

on termnation of stinmuli.

Heron and Jacops(1968, 1969) report the nost frequent
respiration alteration in neonates to frequency nodul at ed
tone stimulation to be change of rate or depth of respiration

or a 'gasp' reflex.

Kunpf and Landwehr (1970) used white noise, filtered white
noi se and warbl e tones as stimuli, presented through ear
phones increasing in intensity at a rate of 1dB per sec.
This was recorded on one channel of tape recorder while on
the other channel, subject's breathing sound was recorded.
These recorded sounds were played in to a | evel recorder
to obtain synchronized wite out called as ' pegel di agram
by kunpf. On analysis, it was found that decrenment in the
anpl i tude of breathing sound occured near auditory threshol d
consi sting of pauses between inspiration and expiration.

I ncrenent in anplitude of breathing sound occured when |eve

of stimuli was above or equal to 30dB sensation |evel.
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This technique is useful to neasure air and bone conduction
thresholds with children when awake and when under sedati on.
The procedure is not successful when subject is sleeping

deepl y.

Hogan(1970) has given a neasure 'the Respiration
Response | ndex whi ch provides a single nunerical val ue sensi -

tive to response activity in rate, anplitude and wave-form

Bradford (1975) gives three respiration cycle patterns
to be considered when scoring the responses /- 1) resting
cycles which are regul ar breathing cycles i mediately pro-
ceeding a tone presentation. 2) response cycle is the single
cycle in which the puretone stimulus is delivered and
3) recovery cycle which is imediately follow ng the response

cycl e.

Rosey (1969) reports 3 response cycle alterations
related to hearing thresholds. They are: a) a reduction
of anplitude, b) jammng of two cycles together or an
M shaped pattern and, c) flattening of positive peak,

(see Fig. 13).

G the resting and recovery cycles, the cycle with
the lesser anplitude is used for conparing a response cycle
reduction. |If the anplitude of the recovery cycle is | eas
than the anplitude of the response cycle, or if the recovery

cycle is disturbed by sonme body novenent, it isS necessary
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to reestablish the resting cycles and to introduce the tone
again at sane intensity level. For considering it as a
response, cycl e alterati on nust occur imrediately follow ng
the presentation of the tone. Two and preferably three of
the described alterations nust occur at consecutive 5dB
intensity levels before the cycle alteration at the | owest

intensity level can be considered the threshol d. (Braford, 1975).

Significant |engthwiing of respiration cycle occurs at

or near auditory thresholds for puretone stimuli and
respiration threshol ds determned by | engthening criteria

were within = 10dB of voluntary thresholds in 93% of subjects.
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(Rousey et al, 1964; Poole et al, 1966, Rousey and Reitz,
1967; Teel et al, 1967 and Brooks and G eschen, 1968).

Rousey (1969) found that nore accurate estimation of
t hreshol ds can be obtai ned by automation from cycle |ength-
eni ng neasures than anplitude change neasures. Respiration
t hreshol ds obtai ned during second stage of natural sleep
produced thresholds simlar to those found during the

waki ng state..

Rousey and Bradford (1971) reported that respiration
t hreshol d obtai ned during sl eep, indicating nornmal hearing
is valid but if it indicates hearing deficit, rechecking

shoul d be done.

Bradford etal (1972) found respiration threshods of
preschool children to be nostly with +, 10dB of vol untary

t hr eshol d.

Bradford etal (1972) tested infants during first year
of life - shortly after birth, at 4 nonths and at 12 nonths
of age. Results indicated that puretones alter the new born
and infant's respiration pattern in the same way as has been

observed with older children and adults.

Kankkunen and Li den (1971) obtained respiration
thresholds in 92%of high risk children. Follow up investi-

gation showed that results were very reliable.
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These findings indicate that 'Respiration Audionetry
may be enpl oyed for determning a neonatal and infant
hearing sensitivity (Bradford, 1975) and is neither exp-

ensive, time consumng nor noxi ous to patients.

5. HEART RATE RESPONSE AUDI OMETEY!

According to Sokol ov (1963, 1969) and Rouitenber (1968)
a human being responds to stimuli in two ways- i) Defen-
sive reflex which occurs in the presence of high inten-
sity stimulation and limts the effects of stinmulation,
i) orienting reflex which is elicited when subj ect
attends to or recieves environmental stimuli at |ow or
noderate intensity levels and includes changes in heart

rate (HR) .

Zeaman and Vegner (1956) neasured the HR response
toamldauditory stimulation in 4 normal adults and
suggested the possibility of response as an index of

obj ective test of hearing.

Smth and Borton (1980) outline the measurenent

procedure of HR response in audi onetry.

During the cycle of its action, the heart generates
el ectrical potentials which are conducted to skin
t hrough body fluids. Each heart beat produces charac-

teristic wave form (see fig- 14) consisting of waves
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Figure - 14

Wave form of a heart beat

P, Q R Sand T. P wave is associated with el ectri cal
activity of atria of heart; Q R and S waves consti -
tuting 'QRS conpl ex' are associated with ventricul ar
excitation where as T wave is used to indicate repolari-
zation of ventricles. 'R wave is used in heart rate

response audionetry (Smth and Borton, 1980).

The raw cardiac activity transduced by recording
electrode is anplified. Resulting signal is filtered
to discorage the recording of nmuscle or other artifacts

in the record.

R wave is detected by a circuit called 'Schmlt
trigger'. This electronic circuit is sinply a voltage
| evel detector which is adjusted so that it is triggered
by a relatively | arge voltage change (R wave) but not

by snaller voltages (other cardiac waves or noi se).
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This circuit provides a pul se which triggers a one-shot
mul ti vibrator which gives rise to a uniformsquare

pul se for each heart beat when the uniform square pul ses
representing the successive R waves are fed into a
cardio tachoreter, it converts the time interval between
successi ve R waves into instantaneous rates by the
forml a:

HR = 60
tine interval

The result is displayed as digital readouts of

i nstantaneous HR or recorded as strip chart deflections

on a calibrated scale (see fig. 15).
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B senberg (1976) refers to the tine interval as

"tan or T'.

Silver or gold electrodes are used. Placenent of
el ectrodes can be on inner surface of wists (Beadle
and Crowel |, 1962) or left lower leg and right fore
arm (Suzuki, 1978). E senberg (1976) recomends 2
chest electrodes, one in third interspace just to the
left of the sternumand the second (ground) adjacent to
the left nipple; the third back el ectrode is attached

at the mdline over the vertebral col um.

Recording sites and el ectrodes are cleaned with 70%
| sopropyl al cohol. They are coated with electrolytic ge
or paste. About half an hour |ater cardiac el ectrodes

are appli ed.

Sone use puretones (Beadle and Growel |, 1962,
Jasi enska etal, 1967, Suzuki, 1978) where as others
band | i mted noi ses centered around 500Hz and 3600Hz
(Schul man and Wade, 1970) as stimuli in HR response
audi onetry. Schul man and Kriter (1971) find band limted
noi se to be nore effective because it contains nore
energy than a puretone at sane sound pressure | evel.
Turkewitz etal (1972) for the sane reason found puretone
to be nore effective when conbined with other tones than

when used al one. Gerber, Milac and Swain (1976) hence
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used both 3150Hz puretone and 1/3 octave band noi se in
their study. E senberg (1976) uses synthetic vowel 'ah'

as sti mul us.

Beadl e and Growel | (1962) used stimuli of 5 sec
duration where as Suzuki (1978) used duration of | OOnsec.
Bl ack(1964) observed that response latency increased in
time as duration of signal was increased. Turkewitz etal
(1972) found that durations of 1,2,4 and 8 sec did not

differentially influence heart rate responses.

Bart oshuk (1962) noted greater response decrenent
associated with short interstimulus interval (6 secs)
than |l onger one (60 secs). Cerber et al (1976) did not
use a fixed interstimilus interval where as it was 30 sec
in Beadle and Gowel | 's study (1962) and 15 sec in
Suzuki's i nvestigation(1978).

Heart rate response is usually diphasic in nature
starting with a brief interval of rate decel eration(peak D)
followed by a period of rapid acceleration (peak A;) . Sone
exhi bit a second decel erati on phase to end the response

(Hogan, 1975), (see fig. 16).
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Beadl e and Growel | (1962) on anal yzi ng the neonat al
cardi ac responses to auditory stinulation found that change
in cardiac rate began al nost immedi ately and covered a tine
peri od of approximately 10 seconds follow ng the onset of

stimul us.

Butterfield (1962) finds HR response audi onetry not

useful in children with nental age bel ow 3 years.
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Bart oshuk (1964) reported on the basis of results
obtai ned from 39 neonates, that the absolute threshold
for neonatal HR accel erati on 1KHz tone was bet ween 38

and 48 dBSPL.

Jasi enska etal (1967) tested 35 newborns (1 to 10
days ol d) and observed that average change in the pul se

frequency to be 11 beats per m nute.

St ei nschnei der, Lipton and R chnond (1966) denon-
strated a systematic shortening of |atency wth increasing

| evel s of auditory stimlation.

Magni tude of heart rate change increases wth
increase in stimulus intensity (Bartoshuk, 1964; G aham
and difton, 1966; Lipton etal, 1960). But it was found
by Barnet and Goodwi n (1967) and Davis etal (1955) that
HR response is of all or none type with no significant

correl ati on between response nmagni tude and signal |evel.

G ahamet al (1968) observed that HR response
showed an accel eration within first second, reaching
peak by fourth second after which there was decel eration

to approximately prestinulus | evel.

Berg and G aham (1970) report that lowintensity

stimuli resulted in a HR decel erati on where as noder at e
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stimulus intensities produced a diphasic response and

HR accel eration resulted for high intensity stimnulation.

Schul man and Wade (1970) neasured HR response in
normal infants and found that nost prom nent response
was decel eration, at 34 dBSPL, 6 secs after the stinulus
onset. According to Giffiths (1975) criteria for posi-
tive HR response is deceleration of HRby 4 to 5 beats in

4 to 6 secs after the stimulus onset.

Ei senberg (1975) reported reliable HR responses to
uni nfl ected synthetic vowel of 60dB in newborns and
adults. The predomnant change in HR pattern was a
prol onged decel eration i ndependent of subject's |evel
of arousal. The peak nmagnitude in infants was often

found 6 or nore seconds subsequent to stinulus onset.

Wl der (1950) reported that cardiac response
follows "laws of initial values" where prestimlus HR
rate influences post stinmulus rate. GCerber etal (1976)
in their study of 15 newborns (24 to 48 hours) controlled
the influence of prestinulus heart rate upon post stimulus
rate statistically by the use of anal ysis of covariance.
Results indicated that magnitude of post stinmulus rate
change differed anong subjects who were a significant
source of variance. HR response was different in nagnitude
and | atency for each subject. They recomrend that heart

rate patterns in infants nust be observed in terns of
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absol ute change for each individual subject without

considering the direction of change of HR response.

Suzuki (1978) reports that the nost prom nent and
consi stent response to be an abrupt and brief deceleration
with peak latency of 1 to 1.5 sec by testing children
under 12 nonths of age. This deceleration occurred in
the interval between first and second beats after the
stimulus onset. As stinmulus intensity increased, decele-
ration increased i n magni tude and second accel eration

becane prom nent.

Advant age of HR response audionetry is that it does
not invol ve noxious stimuli (Gerber etal 1976), yields
| ess fal se positive response than slow vertex audi onetry
(Suzuki, 1978). The main drawback is "indi vi dual

variability,"

6. VASOMOITCR RESPONSE AUDI QVETRY:

In response to auditory stinmulation, changes in the
bl ood fl ow and hence pul se vol unme occur. These vasonot or
responses have been used for detecting response to auditory
stimul ati on objectively. Changes in pul se volune nmay be
det ected by rheographi ¢ or plethysnographi c net hods,
(Mpj dehi etal, 1980).

Rheography utilizes differences in conductance of

electricity in tissues and bl ood.
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Vasi | ev, D skalenho and Plepis (1975) used rheography in
detection of response to puretones of 10 secs duration.
Responses occurred at 20dBSL in nost of subjects at 125Hz
3000Hz and in half of subjects at 6000Hz. They recomrend
r heography as an objective technique. The principle used
I n rheography is that blood is a better conductor of
electricity than tissues and hence changes in pul se vol une
are shown by changes in relative conductance of electricity.
So one electrode is attached to index finger and anot her
to pal mar surface. Wen there is vaso constriction in
response to auditory stimulation, there will be decrease

i n blood volune thereby increasing the total inpedance of

electricity.

Qranl ey (1975) reports that although referred to as
"i npedance pl et hysnography”, "rheography" is not a direct

neasure of vol une or pressure.

Pl et hysnogr aphy nmakes use of vol ume changes of a body
segnent. Photo pl et hysnography uses a photo cell to detect

changes in blood flow corresponding to vol une changes.

Moj dehi et al (1980) outlined the procedure for
Pl et hysnography as follows:- Subject is seated confortably
and a photocell covered by black cloth is placed on the
| ateral surface of the snmallest digit and held in place by
tapes. Roomtenperature is maintained at 78 to 82 F as

response can be evoked fromcold. An interstinulus interval
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of more than 30 sec is used to allow full recovery of
physi ol ogi cal system Vasonotor response in the form of

mcro circulation is detected by photocell and is charted

as pul se on graph called- ' phl eborheograph or PRG (see fig.
17).

"Law of initial value" (WIlder, 1950) is considered by
recording 10 sec period of stable pul se anplitude.
Oriteria for response occurence is 1) a change of 20%in
digital pul se volunme anplitude on conparison with pre-
stimulus anplitude; 2) the first change in pul se anplitude
occuring within 1.6 to 10 seconds of stinulus onset

(Levander etal, 1974).



2.64

S emaszko- zak (1976) gives anot her nethod of recording
digital pulse volune called 'water plethysnography'. Here
the index finger is fitted in to an alumniumcapsule, it
is filled wwth water and closed tightly. The capsule is

connected through stiff plastic tube to electro manoneter.

A dip in the plethysnographic curve bel ow the base line
or nerely fall in anplitude of waves follow ng acoustic
stimuli evidenced a decrease in volune of finger tip bl ood
flowie. vasonotor response. D p lasting at |east during
2 beats of pulse and not snaller than 20%of anplitude of

proceedi ng pul se vol unme was accepted as | east change.

Caly (1965) obtained vaso constrictor responses in 10
sl eeping subjects to thermal noise stimulation. |In 80%of

subjects there was response at 5 dB stimnulus | evel.

Jansen (1969) found that anong awake subjects, a white
noi se stimulus of 18 seconds duration evoked the response
begining at an intensity of 70 dBSPL. Response was in

relation with band width and intensity of the signal.

S emaszko-zak (1976) recorded vasonotor reactions to
sounds of 1024, 2048, and 4096Hz frequency at |evels of
0, 10, 20, 60, and 80dB i n nornmal hearing persons (6 - 35
years). Latency of response was found to be 2 to 5 secs

not depending on intensity or frequency of stinmulus.

Responses were noticed in both during waki ng and sl eep
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state and % of responses increased with increase in

stinmulus intensity.

Moj dehi et al (1980) could record vasonotor responses
in 11 out of 12 nornmal hearing adult subjects at 35 to

70 dB SPL.

So vasonotor response audi onetry seens to be an

obj ective technique which still has to be tried on children.

7. VI SUAL RESPONSE AUDI OVETRY:

Pupi| dilation as a response to auditory stinmnulation
has been used to test hearing. Baker (1938) conditioned
pupillary responses to sub threshold auditory stinulation
and Unger (1939) used pupillary dilation as an indicator

of heari ng.

dynes (1962) was the first person to anal yze the
dynamc properties of pupillary response to sound using
averagi ng conputer; objective analysis yielded follow ng
results- (a) pupillary responses could be elicited to
puretone stinulation at 40dB above threshold. (b) anplitude
of the response increased little with increasing signal
intensity. (c) the response consists of aninitial dilation
reaching a peak at about 1.5 seconds after stimnulus onset
and a subsequent prol onged constriction phase lasting for

20 seconds. (d) a differential sensitivity to abrupt changes
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in either signal anplitude or frequency and (e) no

fatigue or adaptation in response.

Suzuki and Kamjo (1961) evaluated pupil reaction
In nornal subjects (3 to 53 years). Two - third of subjects
yiel ded positive response at stinulation |level of 20 dB or

| ess and remnai ning subjects at 30 to 80 dB.

Suzuki et al (1964) observed pupilary responses in
sleeping children by lifting eyelids, for auditory stinu-
| ation. The threshold disparity was 50 to 80 dB in nornal
heari ng and conductive | oss children, where as in sensori

neural loss childrenit was 30 dB.

This area of utilizing visual responses to auditory
stinulation for testing hearing sensitivity is stil

devel opi ng.

8. THE AQOUSTI C REFLEX BATTERY:

The Acoustic Stapedial Reflex is defined as "a reflex
contraction of stapedius nuscle induced by sound stiml a-
tion," (Sheehy and Hughes, 1974). The reflex i s consensua
so that stinulation of one ear produces contraction of

muscl es in both the ears.

Metz (1946) denonstrated that this contraction of the
nuscl e produces an increase in the inpedance of tynpanic
menbrane. This inpedance change is nonitored to nmeasure the

stapedi al refl ex.



2. 67

The reflex testing can be done -
1) ipsilaterally where inpedance change is nonitored in
the sane ear as the stinulating ear or
i) contralaterally in which the inpedance change is

nonitored in the ear opposite to stinulating ear.

Acoustic Reflex Threshold (ART) is the intensity in dB
hearing | evel at which the reflex response can first be

detected (D upesl and, 1980).

The contral ateral acoustic reflex can be expected to
occur at 70 to 95 dB sensation level (SL) in normal ears
(Jepsen, 1951, Deutsch, 1972, Peterson and Liden, 1972)
and about 3 to 12 dB lower SL for ipsilateral (Mller, 1962,
Fria et al, 1975).

In contralateral reflex testing, if the mddle ear
function is being evaluated, then the test ear is the ear
i n which nonitoring probe is fixed (probe ear). If ART
or other dynamc characteristics of the reflex are being
studied, then the ear being stinulated is the test ear
and the ear in which inpedance change is nonitored the

probe ear (Feldman, 1978).

After setting the bal ance nmeter of inpedance instrunent
to maxinumsensitivity and nulling it to zero, reflex
stimulus (tone or noise) is introduced. Intensity of the

stimulus is varied until the lowest dBH.L at which there is
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defl ection of bal ance neter, synchronous w th onset and

offset of the tone. This is ART(Jerger, 1970).

In clinical setting, the acoustic reflex battery can
be used to help in the detection of -
1. Mddl e ear pathol ogy,
2. Sensory pat hol ogy,
Neur al pat hol ogy,

3

4. Central pat hol ogy,

5. Hearing threshold | evel,
6

Nonor gani ¢ hearing | oss.

The present topic of concern is detection or prediction

of hearing threshold | evel by acoustic reflex.

Early attenpts at naking predictive statenents concern-
ing auditory sensitivity from ART neasurenents revol ved
around two concepts -

1) If Acoustic Reflex is present, it was assuned that atl east
sone auditory function is present.

2) |If ART was | ess than neasured auditory threshold, it was
assuned that subject had better auditory sensitivity than

that behavi our threshol ds indicated (Popel ka, 1981).

The rel ati on between puretone auditory sensitivity and
ART had been suggested as a nethod of predicting the degree
of SNloss in neonates, young and difficult to test by nany

i nvestigators (Dednon and Robi nette, 1973; Jerger, 1970;
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Robert son, Peterson and Lanb, 1968; Terkil dsen, |960;
Wdenberg, 1963). But auditory sensitivity predictions
based on ART for puretones appeared tenuous Since puretone
and Acoustic reflex thresholds may occur at sane intensity
| evel s in both normal hearing and sensori neural |oss ears

(Dednon and Robi nette, 1973; Beedle and Harford, 1973).

Then, the Noise Tone Difference (NTD) in Acoustic
Refl ex Thresholds fornmed the basis for hearing prediction
fromART. It was reported by many investigators (Mller,
1962; Dallos, 1964; Fisch and Shulthess, 1963; Lilly, 1964;
D upesland, FHottorp and Wnther, 1967; Deutsch, 1972,
Peterson and Liden, 1972) that ART for Broad band Noi se (BBN)

are 15 to 25 dB lower that that for puretones.

In 1972, N eneyer and Sesterhenn investigated the
rel ati on between ARTs for puretones and white noi se and
hearing thresholds in nornmal and sensori neural |o0ss subjects.
The difference level (dl;) between nean ART for tones (500
to 4000 Hz) and ART for white noise was correlated with the
difference |l evel (dl;) between the nmean ART for tones (500
to 4000 Hz) and nean hearing threshold for tones (500 to
4000 Hz). It was found to be linear function wheredl=2.5dl,

O the basis of this relation, N eneyer and Sesterhenn

proposed the forml a:

Mean Hearing Threshold = ART tones - 2.5 dl ;.
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But they found that although in flat sensori neural
| oss cal cul ated hearing threshold was within 4 dB of
neasured threshold, in sloping hearing | oss, the predic-

tion was not that accurate.

So N eneyer and Sesterhenn (1974) nodified their
formula to include ART for | ow pass (100 - 1600Hz) noi se
(LPN) and H gh pass (1800 - 13500Hz) noise (HPN) to be
used for low (250 - |1000Hz) and H gh (2000 - 8000Hz)
frequencies in prediction. In nornmal ears, dl, for LPN~5 dB
and for HPN~20dB. (3 : 4ratio). In falling audi ograns,
d, for HPN dl, for LPN. This relation was unchanged
in children. Predictions as reported by themwere within
+ 10dB of actual hearing in 73%of cases and = 15 dB in

90%of cases.

MIler and Davis and G bson (1976) attenpted prediction
of puretone threshold on 100 ears using N eneyer and
Sesterhenn (1974) formula. There was high error rate of
fal se positives. They suggested a higher multiplication
factor in the fornula for better prediction. Coles (1974)

has suggested a factor of 2.7 instead of 2.5*

Margolis and Fox (1977) reported high fal se positive
rate and poor distinction between mld - noderate and severe
heari ng | oss when N eneyer and Sesterhenn (1974) fornul a

was used.
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Keith (1977) on using this fornmula found poorer
predi ction accuracy than reported by N eneyer and Sester-
henn. He found no error for 35%of predictions, 56% of
predictions to be within £ 15dB 67%w thin £ 10dB and
82%wi thin + 15dB.

Ragunat han (1977) established multiplication factor
"k' for each of frequencies 500, 1000, 2000 and 4000Hz for
the Indian popul ation, Kk factor for the above frequencies
was 2.8, 3.6, 3.8 and 3.8 respectively. Wth this hearing
threshold coul d be conputed for each of these frequencies,

i ndi vidual Iy using N enmeyer and Sesterhenn (1972) formula.

Sest erhenn and Breuni nger (1976) proposed a nethod for
determning hearing threshold fromART in patients i n whom
t hreshol d was frequency dependent. Basis was that acoustic
reflex for low frequency signal can be elicited 20 to 30 dB
| oner than threshold | evel by neans of preactivation with
hi gh frequency tone. Procedure involves determning ART
for 8KHz tone, the preactivating stimulus. Then the intensity
of the continuous 8kHz tone is adjusted to be at threshold
barely eliciting reflex and an interrupted | ower frequency
(0.125 - 4kHz) tone is introduced simltaneously. Level of
this interrupted tone is reduced fromthreshold | evel downwards
until any reflex activity disappears. The difference between
normal and reduced ART is dl, and difference between hearing

threshold and normal ART is dl; dl;= dl, Because of
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different values for dl, at different frequencies in nornal
heari ng subjects K factor has different valu
-0.5 KHz), 3(1KHz), 3.5 (2KHz) and 4(4KHz). H
for each frequency can be determ ned. Predic

this nmethod was best in normal hearing profo

subjects and | east in noderate | oss cases.

Jerger (1973) suggested a fornula for the prediction of

It is called "D fferential | oudness sunmationtest™
or unwei ghted fornul a.

Here NID= 500Hz ART +1000Hz ART + 200 Hz ART

3
- BBNART (SPL) + 2000Hz ART.

In 1971, Flottorp, DO upesland and Wnther denonstrated
critical band phenonenon operating on ART. They observed
that ART in dB renained essentially the sane up to a specific
band wi dth value (critical band w dth) beyo.nd which ART
decreased approximately 3 to 6 dB per octave. These findings
wer e used by Jerger, Burney, Maudlin and Gunp (1974) to
explain NTD in nornmal hearing and sensorineural |oss ears and

to devel op another fornula for hearing prediction. This is

referred to as 'SPAR the 'Sensitivity prediction by the
Acoustic Reflex'.

Jerger et al (1974) hypothesize that in nornmal ears, ART

I s reached when a stinmulus exceeds a critical |oudness (L).
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Here the loudness is referred to that neural activity which
Is in one to one correspondence wth hunan |istener's | oud-
ness experience. Ly and Lggy are the | oudness experienced
when puretone and Broad band noise are the stimli
respectively. Lgy 1S taken as the sum of | oudness
contributed by critical bands Gy, . Because the puretone is
confined to a single critical band and noi se derives | oudness
fromn critical bands noise takes less intensity to produce

reflex than the tone and hence NID is observed in nornal ears.

In sensori neural hearing | oss ears, there is w dening
of critical band width (Scharf and Hel | mran, 1966; Deboer and
Bournmester, 1974; Martin,1974). As aresult of this, the
nunber of critical bands available for |oudness summation
I's reduced. Then, sloping loss in these cases, reduces the
rel ative | oudness contributions fromcritical bands in
hi gh frequency region (see fig. 18).

Figure - 18
Hypothetical  Explaination of Noise Tone Difperence [Tergeretal
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Tabl e- 2

Showing criteria for prediction of sensitivity of hearing

D BBN SPL Predi cti on
20 or | arger Anywher e nor nal
15 - 19 80dB or |ess nor nal
15- 19 81dB or nore m | d- noder at e
10 - 14 anywher e m | d- noder at e
| ess than 10 80dB or |ess m | d- noder at e
| ess than 10 90dB or nore Severe
Ref | ex not observed Pr of ound

For prediction of slope of hearing | oss, difference
in ARTs for |owpass filtered (bel ow 2600Hz) noi se- LPFN
and H gh pass filtered(above260CHz) noi se- HPFN was used.
Qriteria for prediction was as given in Tabl e-3.

Table - 3

Showing criteria for prediction of slope of hearing | oss

D fference Predi ction

(LPFN - HPFN)
O or positive Fl at configuration
-1 to -5 inclusive G adual sl ope

>- 5 St eep sl ope
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Predi ctions were nade for 1156 patients in the age
range 3 to 91 years. To evaluate predictive accuracy of
the net hod, audi ograns (according to the degree and confi -
guration of hearing | oss) were categorized as given in
table - 4 and table - 5 respectively.

Table - 4

Showing criteria for categorization of audi ograns (degree of
Hearing | oss)

Cat egory Criteria
Nor mal PTA | ess than 20 DBKL
MIld - Mderate PTA 20 to 49 dBH. inclusive
Severe PTA 50 to 84 dBH. inclusive
Pr of ound PTA 85 dBH.L or nore
Table - 5

Showing criteria fpr categorization of audi ograns (configuration

of hearing | o0ss)

D fference in threshol d Configuration
bet ween 1000 & 4000Hz

Less than 5 dB Fl at
From 6 to 40dB gr adual
greater than 40dB St eep
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Predi ction accuracy was found to be best for either
nornmal hearing or profound | oss and | east successful for
mld to noderate or severe |oss categories. Prediction was
perfect in 60%of cases. Errors were noderate (prediction
and average result diverging by one category) in 36% of
cases and serious (divergence by 2 or nore categories in 4%

of cases.

In order to facilitate for uniformclinical SPAR pre-
dictions anong various testers and i npedance audi oneters,
Jerger etal recomrended a ' physiological calibration rather
than physical calibration.' It is carried out by subtracting
the average reflex threshold for 10 normal hearing subjects
(10 to 30 years) for BBN fromaverage reflex threshold for
3 puretones 500, 1000 and 2000Hz. Result is normal NTD for
that inpedance apparatus. This is subtgacted fromthe ori -
ginal normreported by Jerger etal (25 dB) to get a correction
factor for that instrument. This is added to D obtained for
a particular patient and result is interpreted according to

the table - 2.

On using Jerger's weighted fornula, Stelmachowi cz eta
(1974) found 72%of normal predictions, 10%of mld to nod-
erate and 33%of severe hearing | oss predictions to be

correct.
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Jerger (1975) and Keith (1977) find unwei ghted for-
mula to be nore accurate for hearing prediction than
the weighted formula. The weithted formula i s charac-
terized by high rate of false positives (Johnsen etal 1976;
Margolis and Fox, 1977) w th prediction accuracy decreasing
directly with decrease in hearing sensitivity (Schwartz

and Sanders, 1976; Vanwagoner and Goodw ne, 1977; Hall 1978).

I n both weighted and unwei ghted formul ae, false negative

i's uncommon (Keith, 1977).

Sl ope of hearing | oss was predicted according to confi -
guration categories of Jerger etal. Predictions were
correct in 52%of flat ioss, 30%of gradual |oss and 100%
of steep |loss ears (Keith,1977). Vanwagoner and Goodw ne
(1977) found error rates for prediction of slope of hearing
| oss to be much higher than that for prediction of magnitude

of | oss.

Jerger, Hayes and Anthony (1978b) gave a revi sed set
of SPAR criteria called the 1977 SPAR as it was found by
previous studies that NTD was not precisely sensitive to
degree of loss (in noderate to severe range). Here absol ute
ART for 1000Hz puretone was taken into consideration (see
Table - 6). They suggest that this criteria elimnates

fal se negative results in children.
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Table - 6
1977 SPAR criteria

NTD 1000Hz ART  BBN ART Predi cti on

20 95dBHL Anywher e Nor na
<20 >95dBHL 95dBSPL M | d- noder at e
<20 >95dBHL  >95dBSPL Sever e

1974 SPAR net hod has predictive accuracy rate of 60-75%
and SPAR 1977 virtually elimnates serious under estimation

of hearing | oss(Hall, 1978).

In 1977, Keith considered ART for BBN stinulus for
separating nornal hearing and hearing inpaired ears. ART of
85dBSPL or |ess for BBN stimnulus signified nromal hearing
where as ART greater than 85dBSPL i ndicated hearing | oss.
Wien this criteria was used on a group of 52 normal s and
92 hearing inpaired persons, Keith observed a fal se positive

rate of 13%and a mss rate of 3%

In 1976, Baker and lilly introduced statistica
regression for predicting hearing | evel using ART data on
adult hearing inpaired popul ati on of 125 subjects. Here
noi se and tone signals are weighted differentially according
to their contribution to hearing threshold | evel (HTL)
prediction. The equation predicts HIL for 4 frequencies
(500, 1000, 2000 & 4000Hz) .



2. 80

dBHTL = 1.11 ART BBN{SPL)-0.81 ART 500Hz( HL)
+ 0.85 ART 1000Hz(HL)-0. 43 ART 2000Hz(H.)
+ 0.25 ART 4000Hz (HL) + 64.7
Wth this formula, in cases where ART is absent for
one or nore frequencies, HIL cannot be predicted. So
LiIly(1977) introduced anot her equation which permtted
HTL prediction fromART for BBN or conbi nati ons of BBN
and 500Hz or 500 & 1000Hz or 500, 1000 and 2000Hz.

dBHTL = 1.07 ART BBN(SPL)-0.82 ART 500Hz( H.)
+ 1.11 ART 1000Hz (H.) - 0.45 ART 2000Hz (H.)
+ 0.06 ART 4000H (H.) - 67

Baker and Lilly (1976) reported that the nedian error
of prediction to be O dB where as Hall (1978) found to be 3dB.

QG her set of regression equations devel oped by R zzo
and G eenberg (1979) use ART for a single puretone signa
500Hz and a hi gh pass Noi se band. These equations al so pre-
dict HIL for 4 frequencies or 3 frequencies depending on the

equat i on used.

0. 078ART 500Hz (HO)
- 7.515)°2

dBHTL ( 4f r equency) (0.2 6 ART HPN( SPL)

dBHTL (3 frequency)= (0.197 ART HPN(SPL) - 0.080ART 500Hz (HO

- 7.986)?2

These regression equations have an advantage that they
predict threshold in dB. But they are also characterized

by false positive errors and with increased hearing | oss, they
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underestimate hearing loss (Hall, 1978, Hall and Bl eakney
1981b). The regression equations pose 2 fundanental problens.
1) They are devel oped on the assunption that there is |inear
rel ationship between hearing threshold levels for noise and
tone signals. On the contrary, effect of sensorineural |oss
on acoustic reflexes is not linear and varies as a function of
degree of loss and the signal (Jerger etal, 1978a; Hall and
Weaver, 1979). On the average BBN ART increase 3 to 5 dB for
every 70 dB | oss and puretone ART decrease slightly with
increasing |oss of up to 45 or 55 dBHTL.

2) Regression equations devel oped by a popul ati on honmbgenous in
degree of loss and age will not hold good for a popul ation that

I s heterogenous in these respects.

Because of clinical need for a nethod that would permt
prediction of hearing sensitivity in different frequency regions,
‘Bivariate plot coordinate system was devel oped by Popel ka,
Margolis and Wley in 1976.

This method is based upon two inportant relationships
(i) As hearing loss increases reflex threshold for tona
stimuli remain constant for mld | osses, then begin to increase
for more severe | osses.
(ii) Difference between reflex threshold for tonal and noise
stimuli is large for normal subjects and patients with severe

| osses and small for cases with mld to noderate | osses.
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Therefore two neasures - ART for puretone stimulus on

Y axis and ART WBN x 100 on X axis were used. These
ART tone
two neasures tend to increase with nagnitude of sensorineura

| oss and hence when they were plotted, a scatter plot was

obtai ned, in which nornal hearing and hearing i npaired subjects -
segregated in to separate regions. Nornmal region was defined

by 2 line segments in such a way that false positive and m ss
rate type of errors were kept at a reasonable | evel. The
scatter plot showed nornmal hearing clustered towards | ower

| eft portion and sensorineural |oss cases towards upper right

porti on.

Handl er and Margolis (1977) found that ARTs for elderly
group and young adults were sane for 500Hz, 1000Hz and 2000Hz
and LPN but higher for 4000Hz, HPN and WBN in el derly group.
So they introduced LPN i nstead of VBN i noorder to increase
the predictive accuracy in elderly subjects. They report that
use of LPN yielded 0% fal se positive rate where as WBN gi ves

38% false positive results.

Margol is and Fox (1977) gave a bivariate plot systemin
whi ch on the absci ssa, LPN ART was used for 500Hz and 1000Hz
ART and HPN ART for 2000Hz ART. In each plot normal region
was defined by |ine segments - x=k; and y= -x+k,. Values of
ki, and k, for each frequency plot were chosen to include as

many as norrmal ears and yet to exclude as many as hearing
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inpaired ears possible (see fig - 19).

A bivariate plot for 4000Hz was not reported because ART
data for 4000Hz signal was variable and did not contribute
to the predictive accuracy of the technique. QOiteria for
predicting an individual to have normal hearing or sensori
neural |oss was that he should fall in the appropriate region
for 2 of 3 frequencies. By this procedure, false positives
were mnimzed and subjects with average puretone | oss

greater than 32 dB were correctly identified as inpaired with

hi ghaccuracy (93%) .
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Silman and Gel fand (1979) report that the criteria on
used by earlier investigators in bivariate plot analysis,
for hearing | oss was an average |loss of 32 dBH. for speech
frequencies without regard to audionetric contour or to
threshold at higher frequencies. so the method cannot be
applied to cases with sloping and high frequency | osses. $So
Silman and Gel fand suggested a new procedure. They classify
the subjects in to 4 categories (I) normal hearing, (2) ears
with PTA 30 dB but with high frequency sensorineural |o0ss
( 40 dBHL) begining at 4kHz or above. (3) ears with | oss of
33 - 40 dB for 2 poorest of 500, 1000 and 2000Hz or a | oss of
35 - 55dB for one of these frequencies. (4) Ears with average
loss of 45 dB for 2 poorest of these frequencies or |oss

of 60 dB for one; These categories fall on different regions

of graph as shown in figure 20.
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If average ART is not elevated, then results shoul d
be plotted on the bivariate graph. |If plotted results fall
in to category 1 areathen one nmay predi ct normal hearing
or hearing | oss above 500-2000Hz. If results fall in to
category 4, significant loss is predicted. |If bivariate
plot is |ocated el aewhere, the patient has atleast high

frequency hearing | oss.

In a series of experiments reported by Margolis and
associ ates (1981) sinplified bivariate plotting (where VBN
was used instead of filtered noise band) was found to be as
effective in predicting hearing loss in difficult to test

children as adul ts.

Fal se positive rate is mnimzed in bivariate plot
nethod conpared to SPAR  This nmay be because i) bivariate
plot region for nornmal hearing has an upper average hearing
threshold [imt of 32 dBwhile in SPARit is 20 dBHL.
ii)of difference in noise signals: SPAR uses BBN where as

bi vari ate systemuses LPN and HPN (Hal I, 1980).

Johnsen and Col | eages (1976) suggested that isol ated
hi gh frequency sensorineural |oss el evates ART for VBN even
in patients with relatively normal hearing in 500 - 2000Hz
region. According to SPAR criteria for hearing | oss, these
Pases woul d have normal hearing but el evated BBN ART give

rise to lower Dpredicting a hearing loss. This results in
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fal se positive prediction. In bivariate plot method, ART
for 2000Hz and HPN woul d be affected by high frequency | oss
but not ART for 500Hz, |000Hz and LPN and since criteria
for normal hearing is normal categorizationin 2 of 3

bi variate plots, normal prediction is got not fal se positive.

Hal | and Bl eakney(1981b) found fal se positive errors
to be nore common than fal se negative in bivariate pl ot

anal ysi s.

Since all of the predictive nethods rely on relations
between refl ex threshol ds and hearing | oss, any variable
that differentially influences these relationships is a
potential source of error (Margolis et al; 1981). So

factors influencing hearing prediction should be consi dered.

Static conpliance changes as a function of age in
adul ts (Jerger et al, 1972, Hall, 1979) and children(Hal |l &
Waver, 1979) and children (Hall & weaver, 1979), Even ART

is reported to be influenced by chronol ogi cal age.

Refl ex thresholds for tone signals inprove slightly
with increasing age frominfancy through adul t hood
(Margol i s and Popel ka, 1975, Robert son Pet erson & Lanb,
1968; Abahazi and G eenberg, 1977)

Hnelfarb et al (1978) observed refl exes in nost of

their neonatal subjects (8 to 96 hours) by nonitoring
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acoustic conductance output on a stripchart recorder.

Veat herby and Bennett (1980) coul d observe refl exes at

| oner | evels in neonates (10 to 169 hours) using high
frequency probetones. Absence of reflex with 220Hz probet one
I n these subjects was probably because of |ow i npedance
eardrumacting as a shunt elenent at | ow frequencies

and obscuring i npedance change caused by the reflex.

It appears then that there is no lower age limt
restricting the use of predictive procedures provided that
appropriate consideration is given to frequency of probe

signal (Margolis et al 1981).

Handl er and Margol i s(1977) found that ARTs for 4000Hz,
HPN and BBN was higher in elderly group than young adults.

Jerger et al (1978) reported that with the exception of
4000Hz, all puretones show sane decline of about 7dB with
increase in age. But reflex thresholds for BBN activators

are not affected with increase in age.

Jerger et al (1978 a) hypothesize that there is el evation
in ART for puretones because intense reflex activating
signals result in the production of increased distortion
products in elderly individuals even though there is no
concomttant hearing | oss. But BBN ART is not affected
because the distortion products due to BBN add very little

to energy already existing with in the band of noi se.
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S I man(1979a)found that young adult and el derly nor nal
heari ng subjects had simlar ARTs for tonal stimuli where as
el derly group had higher reflex thresholds for w de band

noi se.

Jerger (1979) attributed Silman's findings (which were
contradicting the distortion hypothesis) to presence of mld
high frequency loss in the elderly group of Silman's study.
This mght have resulted in Silnman's younger group having
subjects with better threshold than elderly group even though

they were normal according to sel ection.

Silman (1979b)in reply to Jerger, reported that post
hoc i nspection of his data reveal s no di fferences i n BBN ARTs
bet ween subjects with puretone threshol ds above and bel ow

20dBHL at 8000Hz.

Cel fand and Piper (1981) duplicated Silman's study with
20dBHL threshold criteria extending for 8000Hz for both
young and ol d subjects with younger group's threshold natched
as closely as possible to elderly subjects. Results supported

Silman's findings.

Net result of differential effect of age onreflex thre-
sholds for tone and noise is a reduction in NTD. Hence
accuracy of hearing prediction nethods based on NTD such as
SPAR tends to dimnish as a function of age (Hall 1978;
Jerger etal, 1978).
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Predi ctive accuracy of SPAR 1977 as reported by Jerger
etal (1978) was extrenely good in children (2 to 12 years)
wi th predictions of severe | oss being correct in 85% of
children and for noderate |1 oss in 54%of children, predictive
accuracy was poorer in elderly group (60 to 90 years) than

young adult group (20 to 40 years).

Prediction accuracy for Baker - Lilly formula decreased
systenatically with age with hearing | oss held constant,
(Hall, 1978) and this has been reported with other regression
equations al so (Hall and Bl eakney, 1981a).

Wth increase in age predictive accuracy decreased for
1974 SPAR but increased for 1977 SPAR (Hall and Bl eakney,
1981b). So 1977 SPAR is preferable in ol der popul ati ons.

Bivariate plotting procedures can be effective with
el derly subjects provided a LPN is used (Handl er and
Margolis, 1977).

Li ght, Ferrell and Sandberg (1977) found that sedation
wi th di azepam and neper di ne does not have a significant
effect on SPAR testing and hence these sedatives can be

used in cases of difficult to test.

Schwartz and Sanders (1976) hypot hesi zed that if successfu
predi ction of | oss depends on an abnormal w dening of critica
band in sensorineural |oss ears, there should be a direct

rel ati onshi p between degree of |oss and abnornal /w dt h of
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critical band for ART. They found no consistent differences
i n abnormal w dening of critical band in subjects with

mld to noderate | oss or severe | oss. Abnornal w deni ng of
critical band did separate those with nornmal hearing from
those with sensorineural |oss. Except bivariate plot system
ot her predictive nethods attenpt to differentiate degree of
hearing | oss on the basis of NTD, a critical band phenonenon.
Therefore findings of Schwartz and Sanders may explain in-
accuracies in prediction by these nethods in mld - noderate

| oss cat egori es.

Accurate differentiation of those with normal hearing
Vs those with sensorineural loss is prinmarily dependent on
NTD a rel ative value. Above 45 dBie. mld - noderate -
severe region, accurate predictions nust rely on absol ute
| evel of noise and / or tone ART. 1977 SPAR enpl oys both
NTD criteria and absol ute threshold for both noi se and

1000 Hz signal (Hall, 1980).

Hal | and Weaver (1979) reported that reflex threshold
for noise signals increase relatively systenatically with
the loss while reflex threshold for tone signals inprove
slightly through mld - noderate | oss region (26 to 45dBHL).
Based on this data criteria for absolute threshold for noise
and 2000Hz rather than | 000Hz seemto be nore directly
related to degree of loss (Hall, 1980).
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Keith (1977) reports that with N eneyer and Sesterhenn
net hod al so greatest portion of prediction error occurs with

mld - noderate | oss.

Margolis and Fox (1977) report that in bivariate plot
procedure probability of a subject falling outside of nornal

region increases with the severity of |oss.

Hal | (1978) reports that Baker and Lilly regression
equati on nost accurately predicted hearing in subjects with

mld to noderate | oss.

Hal | and Weaver (1979) reported that relatively conpliant
ears el evated puretone ART from3 to 5 dB and BBN ART by 10dB
and slight negative mddle ear pressure (-50 to -100mm wat er)
el evated puretone and noise ART by 2 to 5 dB. Hall (1978)
reports that subtle mddle ear abnornalities increase serious
prediction errors in SPAR 1974 and SPAR 1977 versions and
Baker and Lilly (1976) forrmula is not affected probably because

it does not depend on absol ute | evels of Acoustic reflex.

Hal | and Bl eakney (1981a) found that 1977 SPAR is nore
affected by mnor mddle ear disorders than 1974 SPAR  This
I's because in patients with mnor mddl e ear disorders, there
Is elevation of puretone ART. So they pass NID criteria but
fail innormal criteria for 1000Hz ART in 1977 SPAR recieving
a prediction of mld loss;. In 1974 SPAR these subjects recieve

normal prediction NTD based N eneyer and Sesterhenn net hod
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wll be seriously affected by mnor mddl e ear abnornalities

where as bivariate plot woul d be unaffected.

Predi cti on nethods based in part on absolute reflex
threshold level nay tend to produce false positive results
in central auditory disorder (Margolis and Fox, 1977).
This is because of elevated acoustic reflex threshold for
puretones. Hall (1980) hypothesises that reflex threshold for
conpl ex auditory signals such as noise wll be nore sensitive
to central auditory disorder than sinpler puretones. This
nmay el evate noi se reflex threshol ds conparatively nore than
puretone reflex thresholds resulting in reduced noi se tone
difference. The net result is false positive prediction.
This elevation of acoustic reflex threshold in central auditory

di sorder has obvious clinical inportance for hearing prediction.

It has been reported by many investigators that the
magni tude of acoustic reflex increases withinlimts as the
intensity of the stinmulus increases (Metz, 1951; Moller, 1958;
1962; Dallos, 1964; Hung and Dal | os, 1972; Peterson and
Li den, 1972; Beedle and Harford, 1973; Kaplan et al, 1977).

Mol ler (1962) denonstrated that the | argest reflex nagni -
tude was elicited by binaural stinmulation followed in order
by ipsilateral and then contral ateral signal presentation.
He reported acoustic reflex growh functions at selected sti-
mul us frequencies from200 to 4000Hz. As the stinmulus frequency

I ncreased, slope of the growh function decreased.
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Ravishankar Shukla(1980) found increase in reflex
amptitude with increase in sensation levels to be not

linear on both ipsilateral and contralateral stimulation.

The intensity range over which the acoustic reflex
demonstrates growth (between threshold and saturation) is
called 'Dynomic range of acoustic reflex'. With puretone
stimuli, the range varies from 15 to 17dB(Djupesland et al,
1967) and for broadband noise stimulus, range is 30dB

(Dallow,1964) .

As probe tone frequency is increased, the magnitude
of reflex measured in terms of impedance (Q) decreased

(Dallow,1964) .

Jerger,Mauldin & Lewis (1977)found that reflex magnitude
or amplitude increases with increase in intensity. Growth
of reflex is rapid for longer duration stimulus (500 msec)
and gradual for shorter duration (10 msec)stimulus. Duration
at which maximum summation is reached is same (100 msec) for
both 1000Hz and BBN signal. They also found that at lower
intensity levels, slope of BBN function is more gradual than
slope for tone duration, whereas at high intensity levels,

the slopes are parallel.

Wilson & McBride(1978) measured magnitude as change in
acoustic admittance in mmho. BBN & 1000Hz stimuli produced

largest reflex magnitudes while smallest were observed for
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250 & 4000Hz puretones. Dynamc ranges for puretones were
frequency dependent. For puretones, the rate of growh

of reflex increased in the begining and decreased | ater where
as for BBN, growth is gradual through out the intensity

r ange.

Jerger et al (1978) conputed reflex anplitude as
equi val ent change in SPL in dB of probe signal (250Hz) in a
2cc cavity, subjects were normal hearing adul ts(age range:
20 to 52 years). Results were as follows- i)ipsilatera
reflex anplitude was slightly larger than the contral ateral
reflex anplitude for both 1000Hz & BBN stimuli, ii)the
reflex anplitude for BBN stinulus was consistently |arger
than the reflex anplitude for 000Hz tone. iii)Reflex
anpl i tude growth was a nonotonic function of signal |evel.
iv)In presumably nornal hearing subjects, probably because
of mnor mddle ear disorders, reflex anplitude functions

wer e devi ant.

On studying 51 ears of 31 sensorineural |oss patients,
Jerger et al (1978) cane to follow ng concl usions regarding
the reflex anplitude functions: a) sensorineural |oss
patients with flat configuration showed Iinear functions in
reflex anplitude for both tone and noi se stimli
b) Sensorineural sloping | oss cases showed gradual anplitude
functions. c)There was little relation between degree of
| oss and anplitude functions. d) As the degree of slope of

sensorineural |oss increased, reflex anplitude decreased.
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The anplitude difference between BBN and 1KHz refl exes
as a function of signal |evel was calculated for 3 groups,
i) normal hearing, ii)Hat sensorineural |oss and
iii) Sloping loss. Results indicated that in nornmal group,
the anplitude difference increases rapidly with signal |evel
to 90dBSPL, then plateaus at about 0.30dB, in the flat |oss
group, the difference increases slightly and never

exceeds 0.19dB and in sloping loss group the difference is

even snal | er, never exceeding 0.13dB (See fig. 21)

These large anplitude difference effects anong three
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groups encouraged the authors to explore the possibility
that some index of suprathreshold reflex anplitude m ght

prove to be a predictor of hearing.

Two indices were conputed - (1)Suprathreshold anplitude

ratio:- Ratio of anplitude of 1KHz tone and BBN functions
at the signal SPL showi ng | argest anplitude for BBN functions.

(2) Supra threshold noise tone differences: Average of

di fferences of 1KHz and BBN functions at 100% 75%and 25%
poi nts along 1KHz anplitude function where 100%is defined

as the maxi mum anplitude function.

Results showed that anplitude ratio as expected,
decreased with hearing | oss. But effect was small. Supra-
t hreshol d noi se tone difference decreased as expected with
hearing | oss and effect seesoned substantial. Mean val ues
for anplitude indices for three groups are given bel ow
(Table 7)

Tabl e-7 showi ng values of 2 suprathreshold indices for normm

hearing, flat |oss and sl oping | oss groups.

Supra threshold | Supra threshol d

G oup anplitude ratio | Noise tone difference
Nor mal 1. 60 4. 24
Hat SN 1.38 2.84

Sloping 9N 1. 40 2.22
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Jerger et al (1978) concluded that "neither supra
threshold anplitude ratio nor supra threshold noi se tone
difference works as well as the noi se-tone threshol d
separation in differentiating normal from sensorineura

hearing | oss".

The present study was an attenpt to investigate, noise
tone difference (reflex nmagnitude) in children, to
expl ore any possibility of its use in the prediction

of hearing sensitivity.



CHAPTER- II

METHCDOLOGY

The experinment conprised of the follow ng steps:-

1. btaining puretone thresholds of frequencies
250Hz to 8000Hz in nornmal hearing children through
behavi oural audi onetry.

2. Establishing Acoustic Reflex thresholds in both
the ears for puretones 500Hz, 1000Hz and 2000Hz and broad

band noi se.

3. Determning the acoustic reflex magnitude for
each of the above stinmuli at Acoustic reflex threshold
| evel , 10 dB above acoustic reflex threshold and then
20 dB above Acoustic Reflex Threshol d.

4. Oollecting simlar data fromchildren with sen-

sorineural hearing | oss.

Subj ect s: -

Normal hearing subjects in the study were thirty
three (17 nales and 16 fenmales) in the age range of 5 to
10 years. None of themhad ear aches or ear discharge
previously or at the tine of testing. Al of themhad
nornal hearing according to Godnan's (1965) classification

of hearing inpairment (reference: ANSI, 1969). Al the
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subj ects had A type tynpanogram static conpliance wthin
normal range of 0.30 to 1.60cd(Jerger,|970) and mddl e

ear pressure within normal limts of £+ 50 mmHQ Porter, 1972).
Sone ears with elevated or absence of Acoustic Reflex
Threshold had to be discarded as it was not possible to
neasure reflex magnitude at and above Acoustic Reflex

Threshold in these ears.

In the sensorineural |loss children (of age range 5 to
10 years) whomthe experinenter tested, Acoustic Reflex
Threshol ds(ARTs) were either absent or elevated. $So

they could not be included in the study.

Two subj ects having sensorineural |oss (age 13 years)
in whomit was possible to carry out reflex nagnitude

nmeasur enents were considered for the study.

The instrunentati on and environnent: -

For establishing, puretone thresholds, a clinical
audi oneter (MA - 30) with TDH - 39 earphones and MX - 41/ AR

cushi ons was used.

| npedance( Tynpanonetry, static conpliance and acoustic
reflex) neasurenments were carried out using an electro
acousti c i npedance bridge (Madsen ZO 73) with Type E head
set and Tel ex 1470 earphone housed in MX - 41/ AR ear
cushion (see fig. 22), the probe tone frequency bei ng 220 Hz.



Al the testings were done in sound treated roons of

Al India Institute of Speech and Hearing, Msore.

Calibration of instrunents: —

Audi oneter MA - 30 was calibrated to ANSI (1969)

standards using the instrunments, artificial ear assenbly
(Bruel and Kjaer Type 4152), condenser m crophone (Bruel

and Kj aer Type 4144), Precision sound | evel neter (Bruel and
Kj aer Type 2209) with 1/3 octave filter set (Bruel and Kjaer
Type 1616) and adapter (Bruel and Kjaer Type 0962).

Calibration procedure with this involved the follow ng
ateps: -
1) Artificial ear with the mcrophone was connected to the

sound | evel neter .
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2) Earphone from the audi oneter was placed on the artificia
ear and the weight over it was adjusted to 550 granms.

3) Sound I evel meter was set to 'external filter' position.
4) 250Hz puretone was delivered at 90 dBHL fromthe

audi ometer. The octave filter set was set at 250Hz and
attenuator of sound |evel neter at 100 dBSPL.

5) Earphone was readjusted till maxi mum readi ng on soundl evelL
meter was obtained. This output |level was conpared wth
the expected output at 250Hz (ANSI-69) to get correction
factor.

6) Procedure was repeated with other frequency signals

(500 to 8000Hz) and a correction chart was prepared.

Linearity of the audioneter attenuator was checked
directly fromthe audioneter by neasuring electrical output
in voltage and converting it to dB. Linearity was satis-
factory, (ANSI Standard; output within + 1.5 dB of dia

readi ng) .

Cal i bration of puretones of the inpedance bridge was

checked using the procedure as described above.

Broad band noise from the inpedance bridge was calibrated
as fol | ows: -
I . The same equi pnent as nentioned above were used,
Ii. Sound |level nmeter was set at 'linear' position and
attenuator at 90 dBSPL.
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iii. Broad band noi se was presented fromthe i npedance
bridge through the earphone at 90dBHL.

iv. If the output was not within = 1dB of 90 dB, then
correspondi ng potentioneter was adjusted to bring the

output within the required limts.

Linearity of attenuator of inpedance bridge was checked

and was found to be satisfactory.

The acoustic inpedance section of the bridge was
calibrated by inserting the probe into built in 2 cc
cavity of the bridge turning the conpliance control to
get zero on bal ance neter and checki ng whet her the conpliance
scale balanced at 2.0 cc . If not, correspondi ng potent -

| ometer was adjusted till proper reading was obt ai ned.

To check for air pressure | eakage, the probe was
inserted to built in 2cc cavity, air pressure control was
adj usted to +200mm on pressure neter. The pressure neter

needl e was observed for any | eakage.

In the present study, |ower red scale of bal ance neter
fromzero to ten with zero at left hand side was consi dered.

As a result, maxi mum possible deflection of needl e could be

read on the neter. |[|f the deflection was beyond 'ten' on

the neter, neasurenment was carried out at sensitivity '2'.
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Everytime, before inserting the probe for testing the
subject, the pressure neter was set to zero to ensure that

full airpressure range was avail abl e.

Test procedure

Puretone threshol ds for frequencies 250 to 8000Hz were
established using "up 5 down 10" method w th principles of
Hughson- Wst | ake ascendi ng techni que (G een, 1978). Each

subject was instructed verbally as foll ows.

"Now you are going to hear a series of sounds, first
in the tight ear and then in the left through this tel ephone
| i ke i nstrunent (earphones of the audi oneter were shown).
Wien you hear the sound, whether it is soft or |loud, raise
your finger. Keep the finger raised as |ong as you hear
the sound and put it down when you stop hearing. Renenber

to raise your finger every tinme you hear the sound".

The instructions and type of response varied dependi ng on
child s age and interest. The earphones were placed on

subj ect's ears and puretone threshol ds were obtai ned.

Before starting the inpedance testing the subject

was given follow nginstructions.

“In this test also, you are going to hear sounds. Unlike
the previous test, you need not indicate that you are hearing
the sound. Just relax conpletely. Sit quietly wthout

much novenents."
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Sonetimes, these instructions were varied depending
on the child s co-operation. Further testing involved the
foll ow ng steps:-

(1) Earphone was adjusted over one ear and with the
appropriate ear tip, probe was inserted in to contral ateral
ear. Absolute air tight seal was ensured for each subject.

(2) Tynpanogram static conpliance and m ddl e ear
pressure were obtained using the standard procedure, at
sensitivity '1'.

(3) Acoustic Reflex Thresholds for 500Hz, | 000Hz, 2000Hz
and broad band noise: Pressure nmeter was set to mddle ear
pressure. Sensitivity knob was turned to '3"' position.

Bal ance neter needle was adjusted to be at zero of |ower
scale. Reflex eliciting stimuli were delivered to test ear
through the Tel ex 1470 earphone stinmulus duration was
constantly maintained at 1.5 seconds. The intensity of the
stimulus was increased in 5dB steps. The level at which
there was bal ance nmeter needl e deflection by 1.5 units was
consi dered as Acoustic Reflex Threshol ds.

(4) For each stinulus, acoustic reflex magnitude interns
of bal ance neter needle deflection was noted at the follow ng
| evel s.

(a) At Acoustic Reflex Threshold |evel

(b) 10dB above Acoustic Reflex Threshold (10 dB SL)

(c) 20dB above Acoustic Reflex Threshold (20 dB SL)
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The inpedance bridge settings for reflex magnitude

neasurenents were sane as nentioned for Acoustic Reflex

Threshol d det erm nati on.
The data for each subject was recorded as foll ows: -

TEST EAR PRCBE EAR :

| NTENSI TY LEVEL ACOUSTI C REFLEX MAGNI TUDE AT STI MLI

G THE STIMLUS | 500 1z | 1000 Hz = 2000 Hz BBN

Acoustic Refl ex
Thr eshol d

10 dB SL

20 dB SL

(5 Five mnutes later, acoustic reflex magnitude

nmeasurenents were repeated to check for reliability.
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RESULTS AND DI SOUSSI ONS

In this study, noise tone difference (reflex nmagnitude
was investigated in the normal hearing and sensorineura

| oss ears.

O the thirty three normal hearing subjects (66 ears),
55 ears (20 right + 29 left) were included in the study.
11 ears had to be discarded because of elevation or
absence of acoustic reflex threshold. Two subjects with

sensorineural loss (4 ears) were taken.

Data was collected on reflex magni tude val ues for
pur et ones (500Hz, | Q0CHz and 2000Hz) and broadband noi se
stimuli at reflex threshold | evel, 10 dBSL and 20dBSL. In
order to check for reliability, retesting was done on

ni net een ears.

Gonput ati on of noise tone difference (reflex nmagnitude):

According to Jerger (1973) unwei ghted formula,

Noi se tone difference 500HzART+1000Hz ART+2000Hz ART

(Acoustic reflex threshol d) 3
- BBN ART + Correction factor.

It was reported by peterson and Liden(1972) that the
maxi num refl ex magni tude was attai ned at 20dBSL( Ref : ART)
and further increase in signal intensity |level did not

bring about further increase in reflex nmagnitude.

So, in the present study, for conputing noise tone
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difference (reflex magni tude), amount of increase in reflex
magni tude fromreflex threshold | evel to 10dBSL and 20dBSL

were taken into consi deration.

Formul a used for conputation of noise tone difference
(reflex magnitude) is as follows.
i) AT 10dBSL

NTD (reflex magnitude) = N- P

where P; = a;t+b;+c,
3
a; = Ya - Xa
bs = Yo - Xb

& N]_ :YN-XN

i i) AT 20dBSL
NTD (reflex nagnitude) = N,-P;
where P, = a,+th,+G
3
a, = Za - Xa
b, =zb - Xb
C = 2c - Xc
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Expansi ons of synbols used in the formula is given in the

foll ow ng Tabl e(8)

| NTENSI TY LEVEL ACQUSTI C REFLEX NMAGNI TUDEAT STI MLI
G- THE STIMLUS | 500Hz | OO0OHz 2000Hz BBN
Acoustic reflex X, X X, X
t hreshol d N
Y
10 dBSL Ya b YC Y
20 dBSL % Zy Ze 2

Data was anal yzed using paranetric statistics. Man
values of N, ,P;, N, and P, were conputed for right and

| eft ears (See Tabl e-9).

Tabl e-9 Showi ng Mean values of N, P;, N, and P, for right

and |l eft ears.

MEAN VALUES
EAR
Nl P]_ NZ PZ
RI GHT 2.48 1.97 4.07 3.67
LEFT 2.34 2.03 3.75 3.63

From the above table, it is clear that a difference exists
bet ween average refl ex magni tude for puretones (500Hz,
1000Hz & 2000Hz) and reflex magni tude for broad band noi se.

Significance of difference between Mean values of N, and P;



4.4

and N, and P, were calculated. The difference was not

found to be significant. So null hypothesis was accept ed.

Mean val ues of a;, by ,c1 & Ny and a,, b,, ¢, and N, were

determned for right and left ears (See Table 10).

Tabl e- 10 showi ng Mean val ues of a;, by, c;&Nyanda,, by, C, &N

for right and left ears

EAR
a by C;, N | a b, C N,

R GHT 2.42 1.92 | 1.53|2.48 4.15/3.92|2.80  4.07

LEFT 2.43 2.25 | 1.44|2.34/4.41 1 3.87|2.62 3.75

Conpari son of values a; & ap, b; & by, ¢; & ¢, and
Nt & N, indicate that there is increase in reflex magnitude
as sensation |level (ref: ART) increases. This findingis
in agreenent with previous studies(Mtz, 1951; Ml ler, 1958
Dol | 0s, 1964; Hung & Dal |l 0s, 1972; Peterson & Liden, 1972;
Beedl e & Harford, 1973; Kaplan et al, 1977; Jerger et al,
1977, WIlson & McBride, 1978; Jerger et al, 1978).

Noi se tone difference (reflex magnitude) val ues were
conputed using the formula at 10dBSL and 20dBSL for 26
right ears, 29 left ears and 19 retested ears. (See Tabl es

1 &12).
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Tabl e-11 show ng noi se tone difference (reflex nagnitude)

values fop 26 right ears and 10 retested ears at 10dBSL
and 20 dBSL.
g R GHT EAR
No. 10 dBSL 20 dBSL
FI RST TESTI NG | HETESTI NG | FI RST TESTI NG | RETESTI NG
1 0.5 0 0.17 0.17
2 -0.5 -0.33 -0.5 -0.5
3 0. 17 -0. 16 1 0.5
4 0.34 0.17 -1 -1.16
5 0.17 0.5
6 2.67 3
7 0. 67 1.5
8 0.67 0. 67
9 - 0.66 -0. 66
10 0 0 0 0.17
1 -1 0. 67
12 0. 84 1.34
13 1. 67 1.34
14 0 -0.5
15 1.84 1.47 2 15
16 0. 67 1.34
17 0.34 -1
18 -0. 66 -2.16
19 -0.33 0.17
20 -0. 66 0
21 0. 67 0. 67 0 -0.6
22 0.34 0 0.34 0.17
23 15 1. 67
24 0.17 0.34 -0.5 -0.1
25 0.84 -0. 16
26 2.5 0. 84 2.84 1.17
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Tabl e-12 show ng Noi se tone difference (reflex nagnitude)
values for 29 left ears and 9 retested ears at 10dBSL & 20dBSL

SL. LEFT EAR
NQO 10dBSL 20dBSL
FI RST TESTING| RETESTING | FIRST TESTING| RETESTI NG
1 - 05 - 0.16 0 - 0.33
2 0.17 0
3 0.5 0
4 0.17 1.84 0.5 - 0.16
5 0.34 0 0.2 0.5
6 0.17 - 0.66 0.5 0.4
7 - 0.33 - 0.83
8 0.5 0.84
9 0. 67 15
10 0. 67 -1
11 0.17 - 0.66
12 - 0.66 - 0.33 - 0.83 0.17
13 1.17 1
14 0. 47 0.84
15 - 0.33 1
16 - 0.5 - 0.5
17 2. 17 1.84 2.5 2.47
18 0. 37 0. 67
19 0.17 - 116
20 - 0.16 - 2
21 1.34 0.17
22 0. 67 0
23 15 1.84 0.34 0.5
24 - 0.33 0.17 0 0. 67
25 - 0.33 0.16
26 0. 67 1 0.5 0. 84
27 0.84 1. 67
28 1.17 0
29 - 1.16 - 15
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The statistical Mean(M of noise tone difference
(refl ex magni tude) val ues, was determned for each ear at
each level. To find individual variability within the
group, the standard deviation(S. D values were conputed
for right and left ears at 10dBSL and 20dBSL. The product
nonent co-efficient of correlation(f) was calculated to

check for test-retest reliability (see Table 13).

Tabl e- 15 showi ng Mean(M, St andard devi ation(S. D) and product

nonent Co-efficient of correlation( ) values of noise

tone difference for right and left ears at 10dBSL and 20dBSL

STATI STI CAL R GHT EAR LEFT EAR
MEASURES OF
NOI SE TONE
Dl FFERENCE 10dBSL | 20dBSL | adBSL | 20dBSL
( REFLEX MAGNI TUDE)
1. M 0. 49 0. 46 0. 33 0.12
2. S.D 0.75 0. 17 0. 70 0.94
3. 1 0. 84 0.91 0.72 0.81

Fromthe above table, it can be observed that nean
noi se tone difference (reflex magnitude) is larger for
right ear than left ear. So ear difference should be
taken in to consideration while using the normative data

on noi setone difference (reflex magnitude).

Noi se tone difference (reflex magnitude) in both

ears was greater at 10dBSL than 20dBSL. Hence there was
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decrease in noise tone difference (reflex magnitude)

wth increase in sensation | evel.

Standard devi ation values indicate that for both
right and left ears, variability within the group was

nore at 20dBSL than at 10dBSL.

Co-efficient of correlation values were significant

at all conditions indicating good test-retest reliability.

Both the sensorineural |oss subjects (used in this
study) had noderate degree of hearing inpairnment. Wen
the nean values of a;, b,,c;, and Ny were conpared with
a,, b, cocand N, respectively, an increase in reflex
magni tude with increase in sensation | evel was observed.

(See Table 14).

Tabl e- 14 showi ng nean val ues of a;, b;,ci;, and N, and a; , by,

cocand N, for right andleft ears of 2 subjects with

sensori neural | oss.

MEAN VALUES
EAR

ai b1 Ci1 Ny oY) b C2 N,

R GHT 2.25 2.0 15 15/3.25| 3.5 2.5 2.5

LEFT 4.5 | 2.5 3.53.25/6.25 | 5.5 5.5 5
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Noi se tone difference (reflex magnitude) val ues were
conputed using the sane formula for 4 sensorineural |oss

ears(See Table 15). Al the val ues were negati ve.

Tabl e- 15 showi ng Noi se tone difference (reflex nagnitude)

val ues of 2 sensorineural |oss subjects for right and
left ears at 10dBSL and 20dBSL.

SUBJECTS R GHT | EAR LEFT| EAR
( SENSCR
NEURAL LOSS) | 10dBSL 20dBSL | 10dBSL = 20dBSL
1 -0.5 - 0.33 |- 0.33| - 0.66
2 - 0.33 - 0.66 |- 0.16 | - 0.83
DI SCUSSI ONS:

In the present study, reflex nmagnitude for broad band
noi se stimulus was |arger than the reflex nagnitude for
puretones in nost of the normal hearing ears(40 out of 55
ears at 10dBSL and 38 out of 55 ears at 20dBSL). This
ki nd of nmagnitude difference has been reported on adult,
popul ation by Jerger et al.,(1978). The | oudness advant age
enjoyed by the normal hearing ears for broad band noi se

mght be the reason for it.

In the present study, noisetone difference (reflex
magni t ude) was conputed by subtracting puretone reflex
magni tude from noi se reflex magnitude. Hence, for these [40&38

55] normal hearing ears, the noise tone difference (reflex
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