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Chapt er 1

| NTRCDUCT! ON

Children are wonderful, special and stimulating
little things. They are extrenely co-operative and
friendly in their natural environment. But nost often
it is not the case when a young one visits the audi ol ogi st.
At tinmes, for an audiol ogi st evaluation of hearing inlittle
ones can be challenging and often frustrating (Lanb and
Dunkel , 1976; Northern and Downs, 1978). A quiet and shy
child suddenly grows into an agitating, violent creature
at the threshold of the audionetric roons. Mst often
audi ol ogi sts spend their tine in tamng these young ones.

This is nost often the case with the "easy-to-test” ones.

The frustrations are enhanced when the audiol ogist is
called upon to evaluate hearing of a so called "Hard-to-
test” child. Chil dren do not easily wear headphones.

Even if they do, they may not respond appropriately. An
intelligent audiologist mght soon learn to | ook for alter-
nate node of response. Al though experience and insight
woul d cone in handy in nost such situations (Northern and

Downs, 1978) this may prove disappointing in sonme children.

he mght be unable to draw any concl usi ons regarding

the child s hearing based on the observations made. In
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behavi our observation, non-auditory response could be
m staken for auditory ones; that is, a non-auditory sti-
muli may accompany auditory stimuli and this may yield
consistent normal thresholds for exanple hearing
thresholds in a deaf child may be m staken as norma
threshol ds which the audiologist may be unaware. There-
fore, traditional approaches have limtations because
they depend heavily upon the psychol ogical status of the
child.

Audi ol ogi sts who have been confronted with tiring
but stinulating experiences have been working hard and
have designed and are designing a number of tests which

woul d require mnimum co-operation fromthe child.

At present, inpedance and evoked response audio-
metry could be counted as the most favored ones by the
audi ol ogi st. Favored because of their reliability and
validity. Owing to its wide applicability and simplicity
| mpedance is preferred to evoked response audionetry.

and Hayes

Jerger/(197Q) have recommended a cross-check princi-
ple, i.e., whenever possible it is preferable to admni-
ster other tests such as behavioral observation audio-
metry and evoked response audiometry in addition to inpe-
dance audiometry.

| mpedance audiometry is a highly sensitive, diagno-
stic tool used in the identification and differential

.3
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di agnosis of mddl e disorders, cochlear and retrocochl ear
lesions and in identifying accurately brain steml esions.

It is also useful in predicting hearing | oss.

Earlier studies ained at the prediction of hearing
loss in adults (N eneyer and Sesterhenn 1972, 1974; Jerger
et al, 1974). O late, many investigators have applied this
procedure to predict hearing | o0oss in younger age groups,

&WI ey
(Margolis and Popel ka, /1975; Abahazi and G eenberg, 1977;

Margolis and Fox, 1977; Hall, 1978; Hmelfarb et al, 1978).
This prediction of hearing | oss seens to be extrenely en-
couraging while testing the difficult-to-test young children
(Popel ka and Margolis, 1975; Jerger and Hayes, 1976; Keith,
Murphy and Martin, 1976, 1977; and N swander and Ruth, 1977).

Jerger et al., (1974) introduced "Sensitivity predic-
tion by Acoustic Reflex" (SPAR.They reported SPAR could
detect hearing loss with reasonabl e accuracy. This stinu-
| ated a nunber of investigators enploying SPAR as an
obj ective neasure of evaluating hearing in children (Jerger
et al., 1978; Hall, 1978, 1980; Hnelfarbet al., 1978; Hall
and Bl eakney 1981). Wile the original SPAR (Jerger et al.
1974) has been enpl oyed by a few, sone others have nade use
of nodified SPAR and the rest used sone other novel methods
i ke regression equations and a bivariate plot co-ordinate

system (Hal | and Bl eakney, 1981).

I n essence all SPAR net hods depend upon the basic
principle that hearing threshol ds can be detected using

4
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noi se-tone-difference in acoustic reflex threshol ds.

SPAR hel ps in predicting nmagnitude of hearing | oss and
regression equation helps in predicting hearing threshold

| evel in decibel.

Hearing loss prediction by acoustic reflex is affec-
ted by degree of hearing loss (Jerger et al., 1974; Kieth,
1977; Hall, 1978), central auditory dysfunction (Margolis
and Fox, 1977), age factor (Schwartz and Sanders, 1976;
Handl er and Margolic, 1977; Kieth, 1977; Margolis and
and Fox, 1977; Hall, 1978; Jerger et al, 1978; Norris,
1980) m nor mddl e ear dysfunction (Jerger et al, 1978;
Hal I, 1978, 1980; Hall and Waver, 1979), and tine error
(Jerger et al, 1978).

There is evidence to the reduced accuracy of pre-
dicting hearing levels based on noi se-tone difference
(Jerger et al, 1978). Accuracy is better in children
than in adults, especially the normal hearing |evels

(Jerger et al, 1978; Norris, 1980).

Keeping this in mnd, this study was restricted to
children. As we all know that prediction of hearing |oss
is nore essential in children than adults, an Audiol ogi st
responsibility in testing young children does not term -
nate at the audiologic test suite, but actually begins

(Murphy and Shal | op, 1978).



It is felt that there is a great need to study the
useful ness of SPARin predicting hearing |oss in young

children in India. Hence the study was taken up.

In India, no study has concentrated on SPAR in
young children although sone investigators have attenpted
to predict hearing |oss using acoustic reflex (Raghunath,

1977; Sudha Murthy, 1980).

(bj ective of the study.

This study wag undertaken to find answers to the
fol | owi ng questi ons.
1. Do the children exhibit low reflex thresholds for
broad band noise than for acoustic reflex thresholds for
pure tones.
2. Can the difference between reflex thresholds for
pure tone and the reflex threshold for broad-band noise
be used to predict thresholds of hearing in children with
sensori-neural hearing | oss.
3. Can a criteria based on pure-tone reflex thresholds,
br oad- band- noi se reflex threshold be established for nor-

mal hearing and children with hearing | oss.

Brief plan of the study:

Thirty-six children served as subjects (19 nal es
and 17 females). Al had nornal hearing threshol ds
20 dBHL at octave frequencies 250 Hz to 8000 Hz. ( ANSI
. 6
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1969). The subjects were in the age range of 5 to 10
years. Three subjects with noderate sensori-neural
hearing |l oss were also tested to check if they could be
di stingui shed fromthe normal hearing group. The sub-
jects selected net the following criteria, Atype tynpa-
nogramnor mal conpliance, reflex thresholds at norna
hearing levels and with a negative history of any ear com
plaints. Pure-tone thresholds were obtained using nodified
Hughson- West | ake procedure(Carhart and Jerger 1959).
Tynpanonetry, static conpliance and reflexonetry for pure-
tones and broad-band noi se were determned. Fromthe
existing relationship between acoustic reflex threshold
for pure-tones and broad-band-noise the auditory sensiti-
vity using the unwei ghted SPAR nethod was used. The cri-
teria for prediction is the 1977 SPAR The data thus
collected is analysed statistically to judge the validity

of this technique.

Constructs used in the study:

1* Pure-tone: is a sound produced by an instantaneous
sound pressure which is a sinple sinusoidal function
of tine.

2* Broad-band Noise: is a sound in which energy is pre-
sent over a w de range of frequencies w th equal
energy per cycle.

3. Hearing Level (HL): refers to dial reading of the
audi oneter. Here the audionetric zero is taken as

t he reference.
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4, Sound pressure Level (SPL): is an expression of
pressure of the sound with reference to
0. 0002 dyne/ cnf.

5. Critical band; is the restricted band of frequen-
cies surrounding a pure tone. Wen the SPL of the
tone and noise are equal, the tone is barely per-
cepti bl e.

6* Pure-tone 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 tine.

7. Acoustic Reflex Threshold (ART): is the intensity in
dB SPLs which is just capable of inducing a reflex
contraction of stapedius nuscle as induced by
conpl i ance change in the inpedance of the tynpanic

nmenbr ane (Jepsen, 1963).

* taken fromPedcrick N Martin: Introduction to Audi ol ogy,
Englewood Adiffs, N J: Prentice-Hall, 1975". N

#**o0



Chapt er 2

REMIEW O LI TERATURE

The concept of predicting hearing |oss from acoustic
reflex had its beginning in 1972 at Budapest where N eneyer
and Sesterhenn introduced it. However, the report of this
findi ng was published in 1974 (Popel ka, 1981). This cane
I n handy for hearing specialists who were looking for a
non- behavi oral , non-i nvasi ve, inexpensive nethod of hear-

I ng measur enent (Popel ka, 1981) and generated great enthu-
siasmall over the world of hearing specialists. This
was followed by several conferences and journals which
devel oped their major focus to this novel procedure. And
at present, it is considered as an essential part of

hearing eval uati on.

Though initial attenpts were only on adults (N eneyer
and Sesterhann, 1974; Jerger et al 1974a), recent interest
Is on children as evidenced by the abundant literature
(Margolis and Popel ka, 1975; Jerger and Hayes, 1976; Keith
et al 1976; 1977; Abahazi and G eenberg, 1977; Margolis
and Fox, 1977; N swander and Ruth, 1977).

Basi ¢ principl e:

Acoustic reflex threshold level is systematically
related to the band width of stinmulus. For tonal stimuli,
the reflex threshold renains constant for normal ears and

.9
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upto 30 or 40 dB HL in ears with hearing |oss. After
40 dB H. the reflex threshold for tone is alnost directly
related to nagnitude of hearing | oss. For broad-band-
noi se, the reflex threshold is directly related to hearing
| evel upto 60 dB HL and thereafter it is relatively con-

stant (Popel ka, 1981).

In a normal ear, broad-band-noise or white noi se can
elicit acoustic reflex threshold at 20 to 25 dB | ower than
the levels required with tonal stimuli. This is known as
Noi se-tone-difference (NTD) and was reported in 1960's
(Mdler, 1962; Fisch and Schul thers, 1963; Dall os, 1964,
Lilly, 1964; and D upesland et al, 1967) and carefully
defined by Deutsh, 1972; Peterson and Liden, 1972; Mithili,
1976; Hall, 1980). N eneyer and Sesterhenn (1974) nade
use of noi se-tone-difference for the reflex threshol ds

to predict hearing | oss.

Anot her concept used for predicting hearing |oss
is the critical-band concept; that is, the acoustic
reflex threshold does not change for a frequency wthin
a particular band wi dth. Expansion of band w dth beyond
‘critical band width' results in better acoustic reflex
threshold. This is also true for pure-tone threshol d.
In case of sensori-neural hearing |oss there is w dening
of critical bands plus there is a high frequency hearing
| oss. Hence, the NID is reduced in ears with sensori -

neural hearing |oss (N eneyer and Sesterhenn, 1974;

.10
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Jerger et al, 1974a; Dupesland et al, 1975; Mthili,
1976; Popel ka et al, 1976; Schwartz and Sanders, 1976;
Hal | , 1978; Jerger et al, 1978a; Hall and Weaver, 1979;
Hal | and Bl eakney, 1981; Popel ka, 1981).

Based on the above principles four methods for pre-
dicting hearing | oss has energed.
1. Estimating hearing |evel for specific tonal stimuli
(Baker and Lilly, 1976; Raghunath, 1977; Sesterhenn and
Breuni nger, 1977; R zzo and G eenberg, 1979).
2. Estimati ng average hearing loss (N eneyer and
Sest erhenn, 1974).
3. Estimating nmagni tude and configuration of hearing
| oss (Jerger et al, 1974a; ).
4. Dfferentiating nornal hearing from sensori-neural
hearing | oss (Popel ka and Trunpi, 1976; Handl er and Mar-
golis, 1977; Margolis and Fox, 1977).

1. Estimating average hearing | oss:

N eneyer and Sesterhenn 1974 reported of an approach
to estimate hearing loss. The basis for this nethod is,
the difference between reflex thresholds for tone and
br oad- band-noise in relation to average hearing sensi -
tivity. e group of normal hearing and another group of
varyi ng degree of sensori-neural hearing |oss were the sub-
jects of the study. They determned reflex thresholds for

tones from500 to 4000 Hz. (octave frequency) and for

broad-band noise. They did not report reflex threshol ds

211
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as a function of hearing |level. They expected the
difference between reflex thresholds for tone and noi se
to be 17 dB. And this 17 dB, decreased linearly as hear-
ing loss increased. The difference between hearing sensi-
tivity for tones and reflex thresholds for tones also de-
creased linearly in relation to hearing |loss. The rate at
whi ch these two functions differed is by a factor of 2.5

Using this, they introduced a fornula.

Hearing Threshold = pT AR - 2.5(PT AR - VB AR)
wher e

PT AR - average acoustic reflex threshold for frequencies
500 to 4000 Hz. indB s (ISQ 1964)

WB AR - Acoustic reflex threshold for broad-band noise in
dB HTL where Zero dB HIL is equal to 22 dB SPL

Limtations:

1. It is valid in case of nornal and noderate sensori -
neural hearing | oss.

2. The nmultiplication factor covers a w de range and
can i ntroduce error (Popel ka, 1981).

3. They tested only one ear and hence between i ndivi -

dual and between ear vari ati on was seen.

Al so, these investigators enployed another technique
of | ow pass and hi gh-pass broad-band noise instead of w de
range broad-band noi se. Accuracy of this nethod was not
reported. However, errors in prediction are reported
(Keith, 1977, Margolis and Fox, 1977) such as nornal hear-

ing being identified as hearing loss or over estination of
.12
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m | d-to-noderate | oss.

2. Estinmating hearing | evel for specific tonal stimuli:

Sest erhenn and Breuni nger (1977) suggested a diffe-
rent approach towards threshold prediction which is the
nodi fication of N emeyer and Sesterhenn's nethod. They
proposed that by using a preactivating stimulus of 6 to
8 KHZ., threshold can be obtained at a | ower sensation
level. First, the intensity of the tone is adjusted such
that it elecits a reflex. Then the test tone and the
preactivating stimilus are given sinmultaneously. The
intensity of the preactivating stimulus is constant but
the test tone should be reduced until any reflex activity
di sappeared. The difference between the nornal and the
reduced reflex threshold varied from30 dB at 0.125 Hz. to
20 dB at 4000Hz. in normal hearing subjects. The diffe-
rence between the two reflex thresholds (wth and w thout

preactivation) is terned as dl , .

The difference between the hearing threshold and

the normal reflex threshold is called dl; . The formul a

used is:

Thr eshol d(|:) = SRT( F) -k SRT( F - SRT( F8KHz)

wher e

Threshold (F) - Threshold for a particul ar frequency

SRT(p - Stapedius Reflex Threshold for test fre-
quency

Kk - Miltiple for the test frequency

SRT (k6 or skHz) - Stapedius Reflex Threshold in pre-
sence of preactivating stinulus, i.e.
6 or 8 KHz.

.13
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The k values vary with frequency.

k - 2.75 for frequencies 250 and 500 Hz.

k - 3 for 1000 Hz.

k - 3.5 for 2000 Hz.

k - 4 for 4000 Hz.

The overall accuracy of this nethod is test in nor-
mal s and profound sensori-neural hearing |oss subjects
and |least accurate in noderate sensori-neural hearing
| oss. The results are simlar to that reported by N eneyer

and Sesterhenn (1974) and Jerger et al, (1974a)

Raghunath (1977) did a simlar study. This will be

discussed in detail alittle later.

Baker and Lilly (1976) nethod is commonly known as
Regressi on Equation. They studied 125 hearing inpaired
adult population. A formula was constructed using acoustic
refl ex threshol d obtained for broad-band noise and tones of
500 Hz., 1000 Hz., 2000 Hz. and 4000 Hz. The noi se and
tone signals were weighted diffrentially according to their
contribution of the hearing threshold |evel prediction.

Their original formulais:

dB HTL = |.I1ART BBN SPL - 0.81 ART 500 Hz. (H)+ 0.85 ART
| 000Hz. (HL) - 0.43 ART 2000 Hz.(HL)+ 0.25 ART
4000 Hz. (HL) - 64.7

wher e,

HTL = Hearing Threshold Level
BBN = Broad Band Noi se Level
SPL = Sound pressure |evel
H. - Hearing |evel

.14
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The difficulty with the above formula was that ma-
jority of the subjects with hearing inpairnment do not
exhi bit acoustic reflex threshold at 4000 Hz. and nakes
it invalid. Lilly (1977) introduced a new set of pre-
dictive equations for single signal or various conbina-
tions of acoustic reflex thresholds of 500, 1000 and

2000 Hz.

For accurate predictions, he advised the use of
many reflex threshold values. Al so separate equations
for traditional pure-tone audionetry prediction was al so

devel oped.

R zzo and G eenberg (1979) have conputed a best for-
mul a after devel oping series of regression equations.

That is -

dB HTL - 0.216 ART HPN SPL) - 0.078 ART 500 Hz (H.)? -
7.515 2

wher e,

HPN = H gh Pass Noi se 1800 to 6000 Hz.

ART = Acoustic Refl ex Threshol d

HTL

Heari ng Threshold Level.

Al these nethods have the ideal of predicting hear-
ing threshold level indB. Aso the nedian error is re-
ported to be very less. Zero dBin the case of Lilly,
(1976) and -2dB in case of Hall, (1978). According to
Hal I, (1978), a closer examnation of these regression

.15



15
equati ons have really not overcone the "fal se-positive"
encountered by N enmeyer and Sesterhenn (1972) approach.
Wth normal hearing, it predicted mld loss (false-
positive) and underesti nated severe | osses (fal se-negative).
The exact source of error in these equations is unclear.

There may be two fundanmental problens in this approach

That there is a linear relationship between the
hearing threshold |evel and relative acoustic reflex
threshold levels for noise and tones. According to Jerger
et al, 1972; Hall and Weaver, 1979, there is no linear
rel ati onship between sensori-neural hearing |loss and the
acoustic reflex threshold. That is, wth increasing hear-

ing | oss, acoustic reflex threshold for broad-band noi se

for
becones worse while pure-tones they are constant or nmay be

inproved for hearing |oss of 45 or 55 dB HTL. Therefore,

| i near regression equation with sensori-neural hearing

| oss gives unequi vocal results. They consider only one

br oad- band noi se threshold for four pure-tone factors which
is also a factor influencing broad-band noise as a pre-

dicting factor (Hall, 1980)

2. The popul ation they used was not hombgenous in terns
of degree of sensori-neural hearing |oss or for chronol o-

gi cal age.

May be the regression equations are effective in pre-
dicting hearing loss in children and are less effective in

its use with adults.
.16
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3. Estinating Magnitude and configuration of hearing |oss:

Jerger et al (1974a) proposed a new nethod for pre-
dicting hearing loss which was termed as SPAR They tested
1156 subjects with an age range of 3 to 91 years. They ob-
tained acoustic reflex thresholds for pure tone and broad
band- band noise. O 113 subjects, they also determned the
| ow pass and high pass reflex thresholds. They naned the
formul a unwei ghted SPAR

D = PT AR - W AR+ C

wher e

PT AR - is pure tone acoustic reflex threshold at 500, 1000
and 2000 Hz. divided by 3

WN AR - is white noise acoustic reflex threshold in dB SPL
C- is the correction factor
In 1974, Jerger et al proposed the wei ghted formnmul a.
They used the Madsen Z073 el ectroacoustic bridge with a

filter cut-off at 2600 Hz. for low and high pass noi se.

D = 1+ m+n
=T 70

1 = average reflex threshold in SPL for 500, 1000 and 2000

mnus reflex threshold for broad-band noi se

m = Acoustic reflex threshold in SPL for 500 Hz. m nus

Refl ex threshold for broad-band noise
n = The lowest acoustic reflex threshold in SPL armong 500,

1000 and 2000 Hz. mnus reflex threshold for broad-

band noi se.

A bi ol ogical correction factor is added to the diffe-

rence score D.
17
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Interpretation: Nornmal hearing subjects obtained a

difference of 20 or nore. MIld-to-noderate hearing |oss
subj ects obtained a score of 10 to 19. Severe sensori -
neural hearing loss group obtained a score of 10 or |ess.
If the D (Noise-tone difference) was zero or |less, it was

suggestive of profound sensori-neural hearing | oss.

The difference between | ow pass and hi gh pass reflex
threshol ds were used to determne slope of the |oss. If
the difference was positive, it indicated flat | oss. A

difference ranging from-1 to -5 neant a steep sl ope.

The frequencies 1000 to 4000 Hz. were considered to
assign the type of configuration. A5 dB difference in
this frequency region was considered as flat loss. A
difference of 6 to 40 dB is considered as gradual sl ope.

A difference greater than is categorized as steep sl ope.

The biological correction factor has to be conputed
in each clinic for their respective electro-acoustic instru-
ment. To obtain this correction factor Jerger et al (1974a)
recommends that reflex thresholds for pure-tone and noi se
shoul d be obtained on 10 young nornal hearing subjects. The
di fference between acoustic reflex threshold for 500, 1000
and 2000 Hz. and broad-band noi se should be subtracted from
25 the original norm The value obtained is the correction
factor for the electro-acoustic instrunment in use.

.18
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The 1974 SPAR criteria is interpreted as foll ows:

FromJerger et al, 1974a

Noi se-tone Broad- band noi se Prediction
di fference I n dB SPL

>20 Anywher e Nor mal
15-19 < 80 Nor al
15-19 > 80 m | d-to-noderat e
10- 14 Anywher e m | d-t o- noder at e
< 10 < 90 m | d-to-noder at e
<10 > 90 Severe
Ref | exes not
obser ved Pr of ound

The degree of hearing loss is categorized as for

SPAR interpretation:

FromJerger et al, 1974a
Cat egory Qiteria
Nor mral PTA l ess than 20 dB HL

M | d-t o- noder at e
Sever e

Pr of ound

PTA 20 to 49 dB HL i ncl usi ve
PTA 50 to 84 dB HL i ncl usive
PTA 85 dB HL and nore

The ori gi nal

SPAR was revised by Hal l

(1978) and it

is referred to as 1977 SPAR The 1977 SPAR takes into

account absolute reflex threshold for 1000 Hz.

mul i .

tonal sti-
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The 1977 SPAR criteria is as foll ows:

FromHal |, 1978

_ _ Br oaa- bana o
Noi se-tone difference noi se Predi ction
>20 and 1000 Hz. ART < @B HL Anywher e Nor nal
<20 or 1000 Hz. ART>95 dB HL >95dB SPL | m | d-t o- nmode-
rate
<20 or 1000 Hz. ART>95 dBHL >05dB SPL Sever e

According to this criteria, this nethod takes into
account the absolute reflex threshold for 1000 Hz. A
threshold of nore than 95 dB HL at 1000 Hz. al ways pre-
dicts a loss regardl ess of acoustic reflex threshold for
broad-band noise. So, if one has tobe predicted as nor-
mal hearing, he requires an NID 20 and 1000 Hz. reflex
threshold of 95 dB H. or less. |If either of these cri-
teria is not met or none of these is net, then consider
the acoustic reflex threshold for broad-band noise. |If
it is 95 dB SPL or nore, then mld-to-noderate loss is
predicted. |If the acoustic reflex threshold for broad-
band noise is nore than 95 dB SPL, it is suggestive of

severe hearing | oss.

SPAR seens to be a clinically popul ar nethod as re-
veal ed by the nunber of published reports. The accuracy
rate of SPARis 65 to 70% Mderate errors occur at the
rate of 25-35% In 2 to 5%of the popul ation, serious

errors occur. False-positive errors also occur. The in-
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clusion of 1000 Hz. reflex threshold criteria in 1977
SPAR el i mnates serious under-estimation of hearing |oss
(Hal'l, 1978).

4. Dfferentiating normal hearing from sensori-neural
hearing | oss:

Bivariate Plot Co-ordinate system

It was introduced by Popel ka, Margolis and Wley in
1976. This nethod also uses two stimuli - pure-tones and
noise. It permts prediction of hearing sensitivity in
different frequency regions. The bivariate plot nethod
refined further by other investigators (Handler and
Margol is, 1977; Margolis and Fox, 1977). The N eneyer
and Sesterhenn nmet hod, SPAR and regression equation are
based on absolute or relative differences between acou-
stic reflex threshold for tone and noi se. But the biva-

riate plot nethod enpl oys a noi se-tone ratio.

Rationale: Reflex threshold for normal ears
differed fromsensori-neural ear in 2 ways (Popelka et al,
1976). Therefore,

1. Refl ex thresholds tended to be elevated in the fre-
quency region of the sensitivity | oss.
2. I ncreased signal band width seened to have rel a-

tively less effect on acoustic reflex thresholds in

sensori - neur al ears.

The bivariate plot nethod incorporates sinmultaneously
these two above nentioned changes in the reflex threshol ds.
21
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As shown in figure ( 1), the vertical axis repre-
sents acoustic reflex threshold in SPL for a given tone
and the horizontal axis represents 100 tines the ratio of
the acoustic reflex threshold (SPL) for a noise band and

acoustic reflex threshold (SPL) for atone (Hall, 1980).

In a sensori-neural hearing | oss case, elevation of
noi se reflex threshold and tone reflex threshold wll in-
crease the noise-toneratio and therefore the refl ex val ue
shifts outward on the abscissa. By plotting these val ues,
the sensori-neural hearing |oss subjects cluster in the
upper right portion of the graph while, normals cluster in
the left |ower portion of the graph. The |line separating
the two regions is the intersection of two |line segnents.
According to Handler and Margolis, (1977) the X-segnent
value is referred to as K; and Y segnent values as K2.

This is obtained for 500, 1000 and 2000 Hz.

To increase its accuracy, a threshold for |ow pass
noi se (frequencies below 2600 Hz.) is used in the noi se-
tone ratio for 500 and 1000 Hz signals while, high-pass
noi se (frequenci es above 2600 Hz.) is used for 2000 Hz.
signal. The 4000 Hz. is not used as it does not Increase
the efficiency of the technique. So only the patients
acoustic reflex threshold data for 500, 1000 and 2000 Hz.
are plotted in the 3 graphs.
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AccordingtoMargolisandFox 1977, thebivari at e pl ot
I ndi cat es
1. Only a loss but not the degree of loss as in SPAR
and N neyer and Sesterhenn nethods. Nornmal range is upto
32 dB. Hence mld loss cases go undetect ed.
2. Hearing | oss of sensorineural type varies with fre-
guency. Predictions at each frequency is hel pful but
4000 Hz. is a comon region for sensori-neural |oss which
I's not included here.
3. Fal se-positive is relatively mnimzed. That is,
Fal se-Positive was only 6% (Margolis and Fox, 1977). But
fal se-negative findings is usually high.
4, The useful ness of this nethod has not yet been stan-

dardised using a large clinical population.

In addition to above, the bivariate plot nethod gives
| nadequat e information about sensorineural hearing | oss,
when the behavioral thresholds are inconsistent due to
functional loss in adults. A so, hearing |oss scale is
di chotom zed and the intersecting lines and sl ope of the
line segnents are determned by interception and not by

any fornmal optimsation nethod (Hyde et al, 1980).

Factors influencing prediction of hearing | oss:

There are 5 factors which have serious effects on

hearing | oss prediction. They are;

1. degree of | oss.
2. m nor m ddl e-ear di sorders.
3. central auditory disorder.

23
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4. Time error
S. Age
1. Ef fect of |oss: There is sone percentage of under or

over estimation of hearing sensitivity by the nethods used
for prediction of hearing | oss. Prediction of nornal or
severe or profound sensori-neural hearing loss is done
wth greater accuracy by SPAR Mre errors occur for mld
or noderate |oss prediction (Jerger et al, 1974a; Schwartz
and Sanders, 1976; Keith, 1977; Tsappis, 1977; Van WWgoner
and Goodwi ne, 1977; and Hall, 1978).

N eneyer and Sesterhenn equation nmakes simlar pre-
dictions as SPAR (Keith, 1977).

The bivariate plot systemidentifies sensori-neural
hearing | oss fromnormal hearing subjects wth m ni num
predictive errors than nethods based on NID (critical

band phenonenon) [ Schwartz and Sanders, 1978].

2. Effect of Mnor Mddle-ear disorders: The criteria

of normal mddl e-ear suggested by Jerger (1970, 1972) is a
A-type tynpanogramwi th a distinct peak at or near nornal

at nospheric pressure (0 to -100 mm H,0 pressure). Nor nal
static conpliance range of 0.03 to 1.60 cnf . Reflex
threshol ds for pure-tones can be elicited at 85 to 95 dB HL.
And reflex threshold for broad band noise at 65 to 85 dB SPL.

M nor mddl e ear disorder affecting prediction of
hearing loss is a factor of recent origin. The two comon
mnor maddle ear problens are relatively conpliant tynpano-
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gramand slight negative mddle ear pressure. These are
likely to elevat reflex threshold for noise and tone. The
m nor mddl e ear disorder influence NID which in turn de-

creases the predictive accuracy.

Hal | and Weaver, (1979) reported contral ateral re-
flex threshold el evation due to high conpliant m ddl e-ear
systens. Pure-tone acoustic reflex threshold were el eva-
ted by 3-5 dB, and acoustic reflex threshold for broad-
band- noi se were elevated by 2-5 dB. Findings in this
study for pure-tone signals agreed with Martin and Conbs
(1974) earlier report.

Hal | (1978) studied the effect of highly conpliant
tynpani ¢ nmenbrane on 1974 and 1977 SPAR He found over -
estimated predictive accuracy of hearing |oss due to m nor
mddl e ear disorder. But this did not affect the accuracy
of Baker and Lilly equation, the reason for this is not
avail able. The possible reason attributed is that re-
gressi on equation does not depend on the NID or absol ute
| evel s of any acoustic reflex threshold strictly and hence
m nor mddl e ear disorders does not influence the hearing

| 0ss.

In short, mnor mddl e-ear problens nmay seriously re-
duce the accuracy of predictive nethods based on NID and
absolute reflex threshol ds.
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3. Central auditory disorder and its effects:

A brain stemlesion primarily affecting | ower brain
stem auditory nuclei and pathways will exhibit elevated or
absent acoustic reflexes on contral ateral stimulation
(Giesen and Rasnussen, 1970; Borg, 1973; Colletti, 1975;
Bosatra, Russolo, Poli, 1976; Jerger and Jerger, 1977;
and Jerger, Jerger, Hall, 1979). This elevated reflex
threshol d affects prediction of hearing | oss. There is no
report of central auditory disorder (CAD on acoustic re-
flex threshold for tones and noise. |In CAD, bearing |oss
predi ction by acoustic reflex nmust be interpreted cau-

tiously (Hall, 1980).

4. Tinme Error:

Jerger et al (1978a) reported that tine error is
also a factor influencing prediction of hearing |evel
fromacoustic reflex. Usually, acoustic reflex threshold
for pure-tones and then for broad-band noise is obtained.
The sensitivity of the apparatus or reflex magnitude
m ght change due to swall owing, gradual |oss of hernetic
seal and body novenents. This influences the reflex

t hreshol d neasur enent.

5. Effect of Age;

The chronol ogi ¢ age influences (1) Pure-tone sensi-
tivity (Bunch 1929; GCoetzinger et al, 1961; and Hayes and
Jerger 1979 (a.b.); (2) Speech understanding (Gaeth, 1948;
CGoet zi nger et al, 1961; Pestal ozza and Shore, 1955; Jerger,

1973; and Hayes and Jerger, 1979a) and (3) auditory brain
...26
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1. Oning to the highly conpliant tynpanic nenbrane which
acts as a shunt for low frequencies and thus hinder reflex
change.
2. May be because of a high acoustic resistance of the

neonat es ear.

In short, there is no lower age limt for reflex
elicitation, provided appropriate probe frequencies are

used.

The effect of age on acoustic reflex threshold for
tone and noi se causes reduction in the NTD (Hall, 1978;
Jerger et al, 1978). Because of this age effect on NTD
the predictive accuracy of SPAR techni que decreases. n
the other hand, Baker and Lilly regression equation is not
strictly based on NTD. Hence age effect is less while

using this mnethod.

SPAR net hod shows an age effect for O to 20 years.
SPAR accuracy was tested as a function of age in 537 sub-
jects. Al subjects had normal hearing, ie., 25 dB from
250 to 8000 Hz., and normal mddl e ear function. Results of
this particular study showed that SPAR is nore accurate in
youngest group and accuracy decreases as a function of age

unli ke adult population (Hall, 1978; Jerger et al, 1978).

Hnelfarb et al (1978) report that the difference

bet ween w de-band noi se and the average tonal reflex
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stemresponse (ABR) (Beagley and Shel drake, 1978; Rowe,
1978; Stackard, Stackard, Sharbough, 1978; and Thonsen,
Terki |l dsen, Gsterhanmel, 1978). The effect of acoustic

refl ex measurenents is not excluded (Hall, 1981).

Acoustic reflex threshold neasurement with a 220 Hz.
probe tone on one week old neonates showed that acoustic
reflexes could not be elicited in nmost of them (A fred,
M Candl ess and Weaver, 1974; Bennett, 1975; Keith, 1973;
Keith and Bench, 1978; Stream Stream Wil ker and Bre-
ningstall, 1978). A so experinents done during first
year of life also failed to elicit reflexes or diffe-
rentiate reflexes fromartifacts (Abahazi and G een-berqg,

1977; Dednon and Robi nette, 1973).

H mel farb, Shanon, Popel ka and Margolis (1978)
used a nodified equipnent and reported that acoustic
reflexes could be elicited in neonates using a 220 Hz.
probe-tone but they found that the acoustic reflexes

were slightly el evated.

Weat her by and Bennett (1980) experinented on 44
neonat es aged 10-169 hours using 220 Hz. to 2000 Hz.
probe tones and broad-band noi se. They found that nean
acoustic reflex threshold decreases from77.3 dB SPL
at 400 Hz. to 66.2 dB SPL for 2000 Hz. tone. The data
of these investigators show that acoustic reflex is alive
and present at birth and can be used for predictive or
di agnostic use. The absence of reflex with a 220 Hz probe

tone i s because
.27
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1. Oning to the highly conpliant tynpanic nmenbrane which
acts as a shunt for |ow frequencies and thus hinder reflex
change.
2. May be because of a high acoustic resistance of the

neonat es ear.

In short, there is no lower age limt for reflex
elicitation, provided appropriate probe frequencies are

used.

The effect of age on acoustic reflex threshold for
tone and noi se causes reduction in the NID (Hall, 1978;
Jerger et al, 1978). Because of this age effect on NTD,
the predictive accuracy of SPAR techni que decreases.
the ot her hand, Baker and Lilly regression equation is not
strictly based on NTD. Hence age effect is less while
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SPAR accuracy was tested as a function of age in 537 sub-
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bet ween w de-band noi se and the average tonal reflex
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threshold is about 23 dB in infants and 9 dB in neonates.
In the N enmeyer and Sesterhenn (1974) and Jerger et al
(1974) methods rely on a difference of 15 to 25 dB bet-
ween acoustic reflex thresholds for noise and tonal sti-
muli in normal ears. Hence these two nethods are not use-

ful in auditory screening in neonates.

Hal | and Bl eakney (1981) found the 1977 SPAR makes
nore accurate predictions in ol der age group. Age effect
was slight for 1974 SPAR  the regression equati ons,

R zzo- G eenberg regressi on nethod showed the greatest age

rel ated decrease.

I n essence, SPAR studies are nore accurate in very

young chi |l dren.

Earlier |Indian Studies:

As it is, the nunber of studies in India on | npe-
dance Audionetry is rare. Rarer still is the nunber of

studies related to prediction of hearing | oss.

Mithili (1975) nmade the initial attenpt inthis
area. She nmade a conparative study of reflex thresholds
for pure-tones, narrow band noi se and w de-band-noise in
100 nornmal hearing and 15 subjects with noderate sensori -
neural hearing |oss. She reported nean reflex threshol d
for pure-tones was around 90.12 dB SPL and for w de-band
noi se around 66.7 dB SPL. She observed reduced noi se-tone

difference in subjects with sensori-neural hearing | oss.
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Raghunat h (1977) nade an attenpt to standardize
N eneyer and Sesterhenns formula. He found that it vyielded
| arge nunber of false-positive errors. Hence he conputed

new mul tiplication factors which were frequency specific.

Sudha Murthy (1980) assessed the useful ness of SPAR
in 30 normal hearing subjects who ranged from11.7 to 25
years of age. She used both weighted and unwei ghted for-
mul as. She reported 98. 44% accuracy with weighted fornul a

and 93. 75%w t h unwei ghted formnul a.

As the review suggests there is a great need for
predi ction of hearing loss in young children. Fortunately
the accuracy is nore in young children. Hence the pre-

sent attenpt.



Chapt er 3

METHODALOGY

The met hodol ogy was planned to determne nornative
data for sensitivity prediction by acoustic reflex (SPAR

for Indian Children.

Subj ect s:
Thirty-six children served as subjects (19 nal es
and 17 females). Al had nornal hearing threshol ds
20 dB HL at octave frequencies 250 Hz to 8000 Hz
(ANSI, 1969). The subjects were in the age range of 6
to 10 years. Three subjects with noderate sensori-neural
hearing | oss were also tested to check whether they coul d
be di stingui shed fromthe normal hearing group. The
subj ects were selected if they net the followng criteria.
1. Atype tynpanogramin both ears.
2. Mddle ear pressure within - 50 mm HO
3. Normal Acoustic Reflex Thresholds in both ears.
4. Negative history of ear infection or ear injury

| denti cal equi pment, environnent and procedure was

used with each subject.

Appar at us:
Al inpedance audionetric testing was done using an
el ectro-acoustic inpedance bridge. For tynpanonetry, the

i npedance bridge (Madsen Z073) was used in conjunction
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wWth X-Y plotter (Hew ett Packard 1012). Contral atera
reflexes were elicited using Tel ex 1470 earphone encl osed
in MK 41/ AR cushion. The various operational availa-

bilities of the inpedance bridge are shown in figure 2.

A portabl e screening audi oneter Mico MA30 was used
to determne the air conduction thresholds for conpari -

son with the "Sensitivity Prediction by Acoustic Reflex"
(SPAR f i ndi ngs

Cal i brati on Procedure:

a. Cal i bration of Madsen Z073

The inpedance bridge used in this study (Madsen Z073)
was calibrated periodically. The procedure was based on
t he recommendations of Jerger et al (1974), Feldman and

W1 ber (1978) and Robinson and Brey (1978)

Specifically, it included air pressure calibration,
check for air | eakage, cavity equival ence, probe-tone
intensity and frequency calibration, earphone intensity
and frequency calibration, linearity check(after 70 dBHL)

and vernier scale calibration.

Air pressure calibration was done using a conmer -
cially available manoneter (‘U tube Pressure Gauge: ABC
Part No.6476). Wsing the built-in 2 cc cavity,the air
pressure | eakage was checked/ nonitored over a 5 mnute
period. The probe tip was introduced into the built in
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2 cc cavity. Then air pressure of 200 nm HO was built.
If the Manoneter remained in the initial position for a

5 mnute period, it was considered as an indication of
absence of air |eakage. A Hew ett Packard X-Y plotter was
al so used to check this. By disconnecting the pol yt hene
tube and closing the passage way at the rear panel, the air

| eakage at the passage way was assessed.

Usi ng a Madsen Variable cavity, cavity equival ence

of the instrunment at all positions were calibrated.

The probe-tone of the instrunment (220 Hz.) was nea-
sured for its intensity using a 2 cc. B & K coupl er( )
The 2 cc. coupler was connected to a sound | evel neter
( B & K 2209) using a condensor mcrophone (B & K 4+44 )
Its associated octave filter (B & K 1613) centered at
250 Hz. An appropriate probe tip was used to connect the
2 cc. coupler. Care was taken to balance the bridge and
maintain air pressure at O mm H,O. During this period,
the sensitivity knowwas at 2 position and the conpliance
scale read 2 cc. The probe tone intensity was read from

the sound |level neter directly.

The frequency of the probe tone was checked using an
el ectronic frequency counter (Rodart 203 tinmer/counter)

attached to the sound | evel neter.

Earphone intensity calibration was done using a pro-
cedure given by Wl ber (1978). Figure ( 3 ) illustrates
. 33
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the set up for calibration. The sound |evel neter (B & K
2209) was set to the followi ng settings. The neter swtch
was turned to' external filter' and to 'slow. The weight-
ing switch was in the 'off position. The signal earphone
(Tel ex 1470 with MX 41/ AR cushion) of the inpedance
bridge was renoved fromthe head band( ) and was

pl aced over the coupler of the artificial ear (B & K 4132).
The earphone was held in place by neans of a tension of

the artificial ear and it was adjusted to 0.5 kg. of
pressure. After initial placenent of the earphone on the
coupler a low frequency tone (250 Hz. at 90 dBHL) was

I ntroduced and the earphone was readjusted until the sound
| evel neter needle read the highest intensity. This is
said to ensure best placenent according to WI ber (1978).
The frequency selector of the bridge was set to 500 Hz.

and intensity at 90 dBHL and the tone was continuously
‘on'. The filter was also adjusted to the respective fre-
gquency (500 Hz.). The reading on the sound | evel neter

was noted. Simlarly, other frequencies (1000 Hz., 2000 Hz.
and 4000 Hz.) were checked.

The frequency was checked using an electronic fre-
guency counter (Rodart 203 tiner/counter) attached to the

sound | evel neter.

To check linearity of the attenuator of the i npe-

dance bridge, a simlar set up was used as above. The range
.34
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finder was set to 120 dB. The hearing |oss dial was set
at maxinumand the reading on the sound |evel neter was
noted. The intensity was decreased in 5 dB steps and the
reading on the sound |evel neter was noted for each 5 dB

reduction. The linearity was checked upto 70 dB HL.

The linearity of the vernier scale was checked as

descri bed above at 1000 Hz. at 90 dB HL using 1 dB st eps.

Cal i bration procedures indicated that the output of

the instrunent net the required specifications.

b. Calibration of Portable Screening Audi oneter:

The audioneter used in this study was a portable
screeni ng audi oneter (Maico MA 30). The audi oneter was
calibrated periodically during the study. The calibra-
tion specially included - earphone intensity and frequency

calibration, linearity check.

The earphone intensity and frequency calibration was
done in away simlar to that of I|npedance bridge for fre-

guenci es, 250 through 8000 Hz.

The linearity check below 60 dB was done using the
procedure used for checking linearity of hearing |oss dial
of inpedance bridge. For intensities below 60 dB, the
el ectrical output was neasured for each 5 dB drop in readings.
Al this showed that the working of the audioneter was sati s-

factory.
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Test Envi ronnent:

| npedance testing and pure-tone testing was perforned
in a sound treated roomof Al India Institute of Speech
and Hearing, Mysore. The anbient noise levels in these

roons were within the nmaxi num al |l onabl e noi se | evel s.

pr ocedur e:

Instruction for pure-tone audionetry:

The subjects were asked to raise their finger when-
ever they heard a 'pip' sound. The subjects were asked
to respond even to very soft 'pip’ sound. Children bel ow
6 years were asked to drop a block or nove a bead of the
abacus whenever they heard a 'pip' sound and to respond

even to the softest 'pip'.

Pure-tone thresholds were neasured for audionetric
test frequencies, 250 through 8000 Hz. using Mdified
Hughson- Wst | ake procedure of Carhart and Jerger (1959).

I nstruction for |Inpedance neasurenents:

The subject was famliarized with the instrument in
order to reduce fear. Then they were asked to sit still
during testing till it was conpleted. They were asked not

to swal l ow while testing.

The ears were examned otoscopically before insert-
ing the probe into the ear. The probe was then inserted
in the ear canal with an ear tip of suitable size and a
hernetical seal was obtained. |npedance neasurenents were
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done on both ears. They included - Tynpanonetry (from 200
to-400 nm H,0), static conpliance nmeasurenents and deter -

mnation of contral ateral acoustic reflex threshol ds.

To determne the acoustic reflex thresholds, pure-tone
signals of 500, 1000 and 2000 Hz. of 1.5 second duration and
25 msecond rise-fall tine and Broad-Band Noi se was used.
Inter-Stimulus-Interval for pure-tones and broad- band-noi se

was mai ntained at 3 seconds.

The above procedure was carried out on both ears
using acoustic reflex data for pure-tone and broad- band-
noi se. Hearing |loss was predicted using Jerger et al (1977)
nethod for predicting hearing level, referred to as "Sensi-

tivity Prediction by Acoustic Reflex" (SPAR

The formul a used was:

Average  Average Aver age Aver age
refl ex refl ex refl ex refl ex
Noi se-tone threshol d+t hreshol d+ t hreshol d t hr eshol d Corr -
difference at 500Hz at 1000 at 2000 for broad + ection
; (HL) Hz (HL) Hz(HL) - band factor

That is, the average reflex threshold (ART) for broad-band
noi se was subtracted fromthe average reflex threshold for
500, 1000 and 2000 Hz. The correction factor was deter-
mned biologically. That is, the average reflex threshol ds
of the thirty-seven subjects for broad-band-noi se was sub-
tracted fromthe average reflex threshold for the three
pure-tone signals (500, 1000 and 2000 Hz.) for thirty-
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seven subjects. The result was | abelled as Noi se-tone-
difference (NTD). The obtained normal NID was subtracted
fromthe original norm (Jerger, 1975) of 25 dB. Thi s
was considered as the correction factor for the inpedance
apparatus used in the present study. The NID val ues for

both ears was calculated for each subject.



Chapt er 4

RESULTS AND DI SQUSS| ON

The present study attenpted to predict the audi-

tory sensitivity fromacoustic reflex threshold neasures.

Initially, inpedance neasurenents were done. Sub-
j ects show ng A-type tynpanogram nornal conpliance, nor-
mal reflex thresholds and a negative history of ear in-
fections were included in the study. Next, air conduc-
tion thresholds for pure-tones were determned. Al
thirty-six subjects passed the above criteria. Al
subj ects had nornmal hearing for the octave frequencies

(20 dB HL, ANSI, 1969).

The thirty-six subjects consisted of both nal es
and fenales in the age range of 5-10 years. Four sub-
jects with hearing | oss were also tested to determne

the accuracy of SPAR

The age range, nean reflex thresholds for pure-
tones and broad-band noise and the conputation of correc-
tion factor as per the guidelines of Jerger et al (1974s)
are illustrated in Table | for left and right ear res-

pecti vely.

The Mean acoustic reflex threshold for pure+tones

between ears is negligible (in the order of 0.30 dB).
.39
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Simlarly, the difference between acoustic reflex thre-
shold for noise between the ears is negligible. The
acoustic reflex threshold for broad-band noi se and pure-
tone when conpared yield a snall difference of 3.33 dB
and 5.13 dB for left and right ear respectively. How
ever the broad-band noise elicits acoustic refl exes at
low intensity levels than the tonal stinmuli. This is in
agreenent with previous studies (Mdler, 1962; Fisch and
Schul t hes, 1963; Dal l os, 1964; Lilly, 1964; D upesl and
et al, 1967, Deutsh, 1972; Peterson and Liden, 1972,
M/thili, 1975 and Hall, 1980). A so it answers the
first question of this study. That is, children also
exhibit low reflex thresholds for broad-band noi se than

for tonal stimuli.

The conputed correction factor for the instrunent
used in this study (Madsen Z073) were 21.67 and 19. 87
for left and right ear respectively. These values are
hi gher than the ones obtai ned by Sudha Murthy (1980).
She had obtained 13.8 in left ear and 12.16 in right ear.

The nmean acoustic reflex thresholds and standard
deviations for pure-tones and broad-band noise for both
the ears are illustrated in Table-2. The obtained stan-
dard deviations indicate a high variability anong the
reflex thresholds and a simlar trend runs through al
the stimuli. The mean shows the concentration of reflex

threshold around 95 dB HL for 500 Hz., 91 dB HL for 1000 Hz.
.41



41

/T8 26 6/, | GZ6 80°'S | 95, €9 o€ 'L uo I1e 1Ineq
p Jepue S
vt "88 ¥6 "68 0S '¥6 | 99 ¥6 |€€ 26| SL 06 | 80 ¥6 | GC 'G6 uea\
b 1)o7 oo 1197 (Wb 1197 b 1197
9S ION pueg peo.g 000¢ 000T 00§

‘'sJea B Y pue 1)o7 J0) ‘SS I0U pueq-peo g pue
"ZH 0002 ‘'000T ‘00S Sauo1-aind 0} UO IJe IASP P Jepue s
Ul M Sp|oysalyl xa|Jjoal o11snode uegn Bu moys 3 |gel

¢ 9°olqel



42

and 94 dB HL for 2000 Hz. The nean acoustic reflex thres-
hol d for broad-band noise is around 88 to 89 dB. However,
the acoustic reflex thresholds for broad-band noise is
better than acoustic reflex threshold for tonal stimul

as expect ed.

The test-retest acoustic reflex thresholds for 500 Hz.
1000 Hz., 2000 Hz. and broad-band noi se and the val ues of
product nonent correlation for right and |eft ear res-
pectively is illustrated in Tables 3a and 3b. The r
val ues show that there is a high correlation between the
test-retest scores in both ears and the values are signi-
ficant at 0.01 and 0.05 l|levels of confidence indicating

good reliability.

The acoustic reflex thresholds for pure-tones,
br oad- band noi se, the average acoustic reflex for pure-
tones, NID and correction factor for left and right ear
are shown in Tabl e-4. The nunber of subjects were 36.
The average acoustic reflex thresholds for pure-tones
ranged from 80-116 dB H. which is conparable to that ob-
tained by Raghunath (1977) (85 to 110 dB SPL) and al so
to that of N eneyer and Sesterhenn (1974) (73 to 105dBSPL).
The acoustic reflex threshold for broad-band noise varied
from70-105 dB SPL in the present study. This range is
slightly wider than that of the earlier reports (N eneyer
and Sesterhenn, 1974; Raghunath, 1977). The noi se-tone

difference obtained in this study was 13, in nornal

.43
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ween nornmal and noderate sensori-neural hearing |oss

subj ect s.

Fromthis it is concluded that sensitivity pre-
diction using acoustic reflex is encouraging in norna
popul ation and the limted subjects w th noderate sensori -

neural hearing loss used in this study. Mre clinical

data is required.

.53



Chapt er 5

SUWARY AND CONCLUSI ONS

Assessnent of hearing in children is nore interesting
and neani ngful to-day. The arrival of immttance testing
and brai nstem evoked response audi onetry(BERA) has revo-
| utionised the previously |ess exciting measurenent of
hearing in children. (ne such revolution is prediction

of hearing loss using acoustic reflex.

Predi ction of hearing |oss using acoustic reflex
I's based on the concept of noise-tone difference, i.e.,
the acoustic reflex is nore sensitive for noise than
tonal stimuli. It is reduced in subjects with sensori -
neural hearing | oss. Based on this concept, several pre-
di cti on met hods have cone into existence. And SPAR IS

one of them

SPAR s useful ness in early diagnosis of hearing
loss is well known. The accuracy of prediction is better
in children and such a prediction is essential for early
di agnosi s and managenent. A so no study has paid atten-
tion to predict hearing loss in young children. Hence

this attenpt.

Thirty-six nornmally hearing young children in the
age group of 5 to 10 years were chosen for this study.
After ensuring that they had normal mddl e ear system

.54
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usi ng i npedance audi onetry, they were subjected to SPAR
Testing included tynpanonetry, conpliance neasurenent
and reflex determnation using tones (500, 1000 and
2000 Hz.) and broad bund noise stimuli. And this followed

a hearing assessnent using pure-tones.

The obtained hearing thresholds and acoustic reflex
thresholds w for noise and tonal stimuli were used to
conpute the correction factor for the inpedance equi pnent
(Madsen Z073). This correction factor was applied to the
unwei ghted formula of Jerger et al (1974). Retesting was
done on thirteen subjects to ensure test-retest reliabi-
lity. Statistical treatnent of test-retest reflex thres-

hol ds indicated high reliability.

Concl usi ons:

1. Children exhibited low reflex thresholds for broad
band noi se than tonal stimuli.
2. NTD obtained in children can be used to predict

hearing | oss.

Recommendat i ons:

1. More nunber of children with hearing |oss have to
be tested to arrive at a suitable criteria for predicting

hearing loss in children.

2. It would be better if a criteria baaed on average
reflex threshold of three pure-tones, nanely, 500, 1000

. 55
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and 2000 Hz. is used in addition to reflex threshol ds
for broad-band noi se and noi se-tone difference. Recent
studies reported in the literature have used NTD, acoustic
reflex threshold for broad-band noise and acoustic reflex

threshold for 1000 Hz. for deciding degree of hearing | oss.

3. Mre data are required on children with uniform
hearing | oss of different degrees. Hope that this infor-

mati on would help establish validity of SPAR

Col lecting data on children with different audi ogram
configuration may not be useful for establishing the vali-
dity of the test. Hence it is desirable to test nore
nunber of children with uniform sensori-neural hearing |oss

of different degrees.
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