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| NTRCDUCTI ON

Hearing begins wth pressure disturbances that enters
our ears, and ends with auditory cortex. Wen sound inpinges
on the eardrum the vibrations are transmtted to the oval
wi ndow by the mddle ear bones, which cause novenents of
cochlear fluids. This initiates a wave of displacenment on
basi |l ar menbrane which is very inportant stage in the

anal ysis of sound by auditory system

However, only recently has it been denonstrated that the
ear, besides, receiving sounds, also produces sounds (Kenp,
1978). These sounds, emtted by the ear are called Oo-

acoustic em ssion (QAE).

QAE represent an objective neasurenent of the active
m cromechani cal function of outer hair cells of the inner
ear. Information of preneural nechanical elenents of the

cochl ea can be obtai ned by neans of OAE.

By arranging QAEs according to the type of stimulus that
elicits them 2 distinct classes can be distinguished. The
emssion that is spontaneously present wthout any external

stimul ation, called spontaneous otoacoustic em ssions.



whereas emssion evoked by different kind of acoustic

stimulation is called evoked ot oacoustic em ssi ons.

| Spontaneous G oacoustic Em ssion (SQAE)

SOAEs are continuous narrow band signals emtted by
about 50% of human ears even in the absence of externa
acoustic stinmulation. They range in anplitude from about -25
dB SPL upto 20 dB SPL, with majority falling between -10 and
+10 dB SPL (WIson and Sutton, 1981).

Il Evoked O o-acoustic Em ssions

Evoked em ssions can be divided into 3 subcl asses

depending on the type of eliciting stimulation.
a) Transi ent evoked ot oacoustic em ssions

Transi ent evoked otoacoustic emssions also referred
to as click evoked QOAE (EQAEs) are frequency dispersive
responses following a brief acoustic stimulus, such as a
click or a tone burst (Kenp, 1978). TEQAEsS are neasurable
in essentially all normal hearing persons with normal mddl e

ear and nornmal cochleas (Kenp, 1978, Martin and Lonsbury-

Martin, 1986).



b) Distortion product otoacoustic em ssion

DPOAEs are result of interaction of two sinultaneously
presented puretones (the primaries). In human, the nost

promnent DP is the cubic difference tone (Kenp, 1979).

Mani pul ation of primaries give rise to two concepts.
(1) Distortion product audl ogram DPgram

Here frequencies are changed while |evel s kept
constant. Distortion product audiogram does not include the
concept of threshold. It supplies information across a wde

frequency range but usually at one or 2 |evels.

(2) Input-Qutput functions

In this procedure, frequency is kept constant while
|l evel is changed, it will result ini/p - o/p functions. 1I/p
-o/p functions provide information about threshold, naximal

anplitude or saturation point (growh behaviour of ADPs) of
DPOAE.

c) Stinulus frequency em ssions

Acoustic stinmulation with a | owlevel constant tone |ead

to generation of additional acoustic energy from cochlea at



the frequency of stinulation. These emssion were called

stimul us frequency emssions (Kenp and Chum 1980).

DPQAE represent one type of evoked emssion that has
significant potential for becomng an inportant [list in the
audi onetric evaluation of hearing capacity (Lonsbury-Mrtin
1986) . First advantage is the objective responses that can
be measured non-invasively with only passive to cooperation
of the subject (Bray and Kenp, 1987). It does not need any
skin preparation (for application of el ect r odes) si nce
responses can be neasured by placing a small mc in the outer
ear canal. Thus, conveniently wused for neasuring hearing

acuity of young children including neonat es.

Tine taken to test a patient using DPOAE may vary with
exact procedure used for measurenents. But it takes shorter
test tine (mean: 12.1 mn) conpared with ABR nethod (nean
21.0 mn) (Stevens et al. 1989). Since it takes less tine
and has straight forward application, it has potential use in

testing difficult to test popul ation.

Anot her nmajor advantage is that DPOAE can givehighly
preci se frequency specific infornation. Since DPQAE are

emtted at a known frequency, related to the stimuli, it



helps in determning exact place on the basilar nenbrane

(Anova. et al. 1993).

The high sensitivity and specificity of DPOAE to the
status of the cochlea represents an inportant advantage.
There are indications that even subtle changes of cochlea
function that may not result in changes in puretone audi ogram
can lead to significant changes in DPOAE (Kenp, 1988). Thus
DPQAE testing have capability of delimting quite accurately,
t he boundary between normal and abnormal function. I n cases
In which the etiology of a discrete hearing |oss is unknown,
t he degree of association between the pattern of DPQAE
measured, dimnished activity of OHC and configuration of
hearing proficiency, represented by standard audiogram can
establish the diagnosis of a sensory versus or a nore general

SN deficit (Lonsbury-Martin and Martin, 1990).

Conpared to other evoked em ssions types, the reasonably
wi de dynamc range of DPQAEs in terns of growth of response
anplitude as a function of stimulus level, permts a conplete
eval uation of cochlear function at both threshold and
suprathreshold levels of stinulations. This features allows
the use of DPOAE to study remaining OHC functions in the ears

of patients denonstrating hearing loss upto 45 to 55 dB HL.
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I ncontrast, TEQAES cannot typi cal | y benmeasuredin

individuals with hearing loss > 30 dB HL (Lonsbury-Martxn and

Martin, 1990). To determne the dynamc range of distortion

-generation process, the input out put function are

generated over a 60 dB range of stimulus |evel. From these

curves, details concerning the function of the give OHC at

either threshold or suprathreshold sound |evels
det er m ned.

can be

One of the evaluation of [1/O functions denonstrated

reduced DPQAE in response to high freuquency stinulation at 5

and 8 KHz, even though the results of audionetric exam nation

suggested the diagnosis of normal hearing. These findings

support that DP 1/0O eval uation nay detect sone
of OHC damage.

early synptom
Since DPQAE sel ectively test CHC functi oni ng
(Lonsbury-Martin and Martin, 1990).

/O function of DPQAE also has ability to reflect

tenporary inprovenents in cochlear function with Mniere's

di sease (Lonsbury-Martin and Martin, 1990). DP t hreshol ds

provi de reasonably good estinmates to tho hearing loss in

cases where prinmary damage to CHC can be safely assuned Eg.

NIHL. Arelatively strong relationship existed between DP

threshold and majority of hearing |oss
Martin, 1990).

(Lonsbury-Martin and



Several studies have shown significant age related
changes in the otoacoustic em ssion. Characteristics of DP
emssions as a function of age was also studied and studies
have shown t hat DP emssions decrease as age increases
(Lafreniere et al. 1991; Lasley, Perlman and Hecox, 1992;
Norton, Bargones and Rubel, 1991; Rahul, 1996; Yasneen,
1996) .

Age effects were also studied in other types of QAE.
Findings reported in literature generally agree that TEQAE
are detected in normally hearing infants or <children in
proportions that are simlar to that observed in adults
(Steven et al. 1987; Johnsen et al. 1988). Furt her, the
anplitude of TEQAE in <children may be larger than under
conparable conditions in adults (Bray and Kenp, 1978), and
the main frequency conponents nmaybe higher (Johnsen et al.

1989; Kenp et al. 1990).

The above studies shows that there is a significant age
rel ated changes in the oto-acoustic em ssi on. Si nce
di stortion produce oto-acoustic em ssions, represent one type
of evoked emssion that has signi fi cant pot enti al for
becomng an inportant test in the audionetric evaluation of

hearing capacity, a study was undertaken to investigate the
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I nput -output function in the children, age ranging from4 to

7 years.

Studies done on age related changes of DP detection
threshold on subjects wth age ranging from 21-30 years
(Lonsbury-Martin and Martin, 1990) and 31-60 years (Lonsbury-
Martin and Martin, 1991) showed that DP detection threshold

I ncreased on age i ncreased.

This present study was undertaken to investigate whet her
there is any change in detection threshold as a function of

age in children popul ation.

AlM CF THE STUDY

- To study the input-output functions of distortion product

otoaocustic emssion in children in the aimto -

- otain the detection threshold of DPQAB.
- Gowh behavior of DPOAE and | evel at which anplitude

sat ur at es.

- To conpare the anplitudes of DP emssion and detection
threshold in children across the age in order to ascertain
iIf there is any significant difference between the group on

age i ncreases.
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REVI EW G- LI TERATURE

The ear had always been considered as a passive organ
with a well-defined function of receiving and transducing
acoustic energy until 1948, when ol d proposed the hypothesis
that the sharp frequency selectivity exhibited by the cochl ea
Is a resulted froma feedback system consisting of nechani cal

to electrical transduction process.

D scovery of QAE by Kenp in 1978 changed the genera
view of the ear as a passive receptor organ to a very conpl ex
organ with bidirectional properties. He denonstrated that
energy was emtted by cochlea and that it was recordable as
acoustic vibrations in ear canal using specialized nethods
and techni que. Yet anot her breakt hrough was when Kenp
(1979) reported evoked QAEs in response to a transient
stimulus such as click or tone bursts. The presence of
evoked sound that was neasured in ear canal provided direct

evidence of the existence of active mechanical nechanisns

w t hin cochl ea.

Cochl ear origins of QAE

The emssions were believed initially to be an artifact,

possibly related to M activity. Mich of earlier evidence
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denmonstrating the cochlear origin of QOAE cane from studies
showi ng that agents known to damage the cochlea reduced or
elimnated QAE. Additional evidences supporting the cochl ear
origin come from studies investigating the effects of
ototoxic drugs on various enmssion types. Such drugs are
tonix to cochlear structures and their ingestion has been
shown to lead to reduction in, or elimnation of QAE

(Anderson and Kenp, 1979; Kenp and Brown, 1984).

In the animal studies, although the effects of acoustic
overstiml ati on have been docunmented on various types of

em ssions, the nost thoroughly studied QAE is the DPQAE.

The DPQAE originates due to non-linearlity in the
cochlea, which leads to a distortion of the stimuli (Hall,
1974). In humans, Brown and Kenp (1984) showed that 2fl-f2
DPQAE are generated at the cochlear partition or at the site

of primary frequencies or at the site of f2 formation.

Brown (1987) opined that origin of DPQOAE varies with the
intensity of evoking stimuli. Low level highly vul nerable
distortion products associated wth active cochlear process,
t hought to be based on the mcro nmechanics of QAE, whereas

| ess vul nerabl e high | evel distortion product may be
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associ ated with passive, m cr onechani cal properties  of
cochlear partition (Drown, 1907). DP generated by prinary
frequencies at intensity below 60 dB SPL (i.e. the saturating
portion) probably have their origin in the properties of CHC
If intensity exceeds 60 dB SPL (i.e. linear portion), it 1is
probabl e that only passive properties of the cochlea are main

contributor to observed distortion products (Brown, 1988).

Hel mhol tz (1870) t hought that this distortion was
generated in the nost obvious nechanical system the mddle
ear. Wver (1940) confirned that distortion in the auditory
system can be generated by overdriving the nechanical
conduction system at excessively high |evels. CGol dstei n
(1967) provided the Ist clear evidence of the inner ear |ocus

for generation of distortion products.

Many ot her studies (Kenp and Brown, 1983; Brown et al.
1989; Martin, et al. 1988) have generally assuned that the
origin and the vulnerability of DPS is nore linked to
mechani cal interaction between the places corresponding to fl
and f2. This view is supported by clinical observations
showi ng that audionetric threshold for fl and f2 influences

the anplitude of DPS nuch nore than the audionetric threshold

of 2fl-f2 frequency.
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Experinents done on aninmals show that the stereocelia
are the primary force generators that provide CHCs nechani cal
contribution to the nonlinear processes of cochlear (Mnntain
and Hubbard, 1989). Investigations done by Horner et al.
(1985), Katz et al. (1989), Brown et al. (1989) denonstrates
that intact nechanical and/or electrical connections between
IHC and OHC are necessary for the generation of robust
DPQAEs.

Preval ence of DPQAES

Majority of studies (Kenp, 1978; Rutter, 1980; Zw cker,
1983; Bonfils, et al. 1988) reports that EQAE preval ence is
90-100% i n normal heari ng. This value drops wth an
I ncreasi ng anount of hearing |oss (Johnsen et al. 1983;
1988; El berging, et al. 1985). EQAE preval ence in high risk
babies in intensive care amounts to 79-81% (Steven et al.
1987; 1989).

DPQAE are relatively strong and easy to record in conmmon
| ab ani mal s. Al though DPQAE are nuch of smaller anplitude
in human ears, the distortion product at frequencies 2fl-f2
can be detected in alnost all nornmal hearing ears (Probst et
al . 1991).
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In animals, probably the 1st DPQAEs were reported by Kim
et al. (1980) in the cat. Robust DPQAEs that was relatively
easy to record were detected in many comon |aboratory

ani mal s.

2f1-f2 DPOAE which have been described for t he
chinchilla (Zureket al. 1982) and rabbit (Lonsbury-Martin,
Martin et al; 1987), whereas DPOAES at 3fl-2f2 have been
neasured systematically only in rabbit (Lonsbury-Martin et
al. 1987). In all these aninmals, DPOAEs are reliably

recorded provided that both hearing and M function were

nor mal .

Kenp et al. (1986) reported DPQAE in all 14 nornal ears
they examned and Lonsbury-Martin et al. (1990) in all 44
ears from 22 nornally hearing individuals. These findings
I ndi cate that DPOAES can be recorded in well over 90% of
normal ears. The frequency range wthin which acoustic
distortion products are reliably detected is between 1 and
8 KHz with reference to geonetric nean of fl and f2 stinuli
(Martin, et al. 1990). Acoustic distortion product are
generally absent in ears with sensory neurally loss greater

t han about 50-60 dB (Lonsbury-Martin and Martin, 1990).
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Characteristics of DPQAE

DPQAE are emssions due to interaction of 2 tones,
separated in frequency by a given nunber, present ed
sinmul taneously. The emssion is neither of the 2 stimuli
frequency but another tone related to the stimuli (Kenp,
1978). The nost commonly observed DP frequency is seen at a
point given by the formula 2fl-f2 where fl and f2 are 2
stimulus tones such that f2 > fl (Lonsbury-Martin et al.
1986) .

In discussing distortion products, the stinmulus
frequencies traditionally are called prinmary frequencies (fl
<f2 <f3, etc.) and intensity of the stimulus, levels of the
anplitude of DPOAE is dependent on the anplitude of the
primary stimuli (Kenp, 1980) . The variability of DPQAE has
been neasured over a period of weeks and has been found to be
5to 9 dB, depending on stimulus conditions but not the
I ndi vidual anplitude of response (MLoy, et al. 1990). 1In
addi ti on, DPQAE can be recorded reliably in the region of 6-8
KHz (Roede, et al. 1991).
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| nput - Qut put Function of DPQOAE

Distortion products are neasured on 2 protocols they are
DPgram and input-output function. In input-output function,
a series of responses are determned at GMthat are related
to the conventional audiogram (1-8 Khz) by varying the
primary tone level in 5 or 10 dB steps. Several quantitative
features of emtted responses can be determned fromthe
resulting curves, including detection threshold, maxi mum
anpl i tude, dynamc range, slopes which relates the rate at
whi ch emssion grows as a function of increased prinmary tone

| evel s (Lonsbury-Martin and Martin, 1991).

DP 1-0 function typically has 2 separate portion (1) a
saturating portion between DP detection threshold and the
stimulus level around 60 dB SPL 12) steeper l|inear portion
for stinmulus | evel above 60 dB SPL. Rate of growth of around
1 dB/dB for low level stimulus was seen, but then saturated
for stinmulus |evel greater than about 50 dB SPL (Bonfils, et
al . 1994).

A study done by Nel son and Kinberley (1992); Popelka et
al . (1993) showed that there was a gradual plateau for signal
| evel s between 40 and 60 dB SPL. DP T-0 function for |ow

| evel signals in neonate produce some results as there in
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normal adults. Valid neasures were obtained for very |ow

stimulus levels (as lowas 30 dB SPL) .

DP at 2fl-f2 grow slightly steeper slope of 1-5 per dB
increase in prinmary tone |levels. For stimulus |level of 70 dB
and above a slowng of growth of DP nagnitude was observed
for the 2fl-f2 DP. However a simlar non-linearity was not
evident for 2f2-fl DP atleast upto 75 dB SPL (Lonsbury-
Martin, Probst and Loat, 1987).

A study done on rat by Marlenoir and Puel (1987) showed
that the dynamic range of the response vs. the increased
| evel of primaries is generally conprised between 15 and 25
dB SPL and response tend to saturate for high levels of
stimulus tones. The response often exhibit a plateau in the

m ddl e of the curves (Kim 1980; Hunes, 1980).

Wt and Rtsma (1979), Rutten (1980) found that 1[-0
function of the peak-peak anplitude of the response are non-

| i near and saturation appears at higher intensities.

In small mammals, the systematic growh of 2fl-f2 DP
anplitude with increase stimulus |evels often show non-Iinear

nmonotonicities ranging from shallowng of the slope to
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conplete loss of emssion, within a narrow range of stimulus
levels (Kkm 1980; Zurek, et al. 1982). For stimulus levels
well below 60 dB SPL, the growth function is determned by
the output of Ilow level source only. For |evel above 70 dB,

growth function is determined by high level source (Km
1980) .

Study done by Schloth (1982) and WIlson (1980), reported
the following that the growh rate were often non-nonotonic
at internediate level, where nmagnitude of DP leveled off.
There were sharp notches in i/o function at particular
primary tone frequency between 1.4 and 2-8 KHz. For both
2f1-f2 and 2f2-fl these critical slope varied fromO0-4 to 1.3
dB/ dB averaging around 0.8 dB/dB irrespective of prinary tone
frequency. Sormewhat hi gher slope between 2 and 3 KHz of 2fl -
f2 measured are related to the fact that threshold near 2 KHz
is especially |ow At primary tones |evels exceeding the
pl ateau notch region (50-60 dB SPL) £-0 function tended to

growth at much faster rate.

Lonsbury-Martin and Martin (1990) reported that $-0

slopes of DP at Ilow level in bobtail lizard' s ear canal are
near or below 1 dB/dB, at least for equal Ilevel prinary
tones. In humans, the 1-0 slope for equal |evel primary tone

are 0.91 dB/dB (Gaskill and Brown, 1990). But they seemto
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be frequency dependent ranging from 0.4 dB/dB at |ow
frequencies and about 1 dB/dB at high frequencies (Lonsbury-

Martin and Martin, 1990).

A study done by Nel son and Kinberly (1992) showed that
in mammals the growh of 1/0 function varied with frequency.
At 1 and 2 KHz the growh was |inear between 30 and 50 dB,
with slope of 1.3 and 1.4 dB/dB respectively. At 4 KHz, the
i/o function grew linearly upto 60 dB wth slope of 1.05
dB/dB. The growth in anplitude near nore gradual at the
hi gher | evel, sonetines reaching plateau. At 8 KHz, the
growh, in anplitude was linear across the entire range of

l evel s with slope of 1.32 dB/dB.

Lonsbury-Martin et al. (1990) studied 1-0 function in SN
hearing loss patients, found that T-0 function becanme nore
liner with a steeper slope. It was also found that hearing
threshold above 30 dB H. also becane liner wthout any

saturating portion.

DPQAE threshold are defined as the I/p level at which
the DPis at a criterion level (eg. 3 dB) above the noise

floor (Lonsbury-Martin and Martin, 1993).
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Several studies have provi ded evidence that DP-detection
threshol d neasures derived from DP-growth function nay be an
useful indication of status of cochlea (WIson, 1980 ;
Schloth, 1982; Wer, et al. 1988). It has been reported that
detection threshold ranged from 30-70 dB SPL in normals and
were typically higher in frequency region with known SN
hearing loss (Kinberley and Nel son, 1989; Lonsbury-Martin et

al . 1990; Leonard et al. 1990 and Martin, et al. 1990).

Manl ey and Kopp (1993) observed that the area of
greatest sensitivity fell between 1 and 2 KHz for both 2fl-f2
and 2f2-fl, considering only the threshold values at
respective optinmal primary tone and frequency ratio. I n
addition, the absolute threshold values and range of DP
detection threshold closely resenble the values in range of
neural threshold. For |low frequency primary tones (H < 1005
KHz), the threshold of DP detection were quite variable
between individual. Threshold for higher frequency prinary

tones were nore consi stent.

Detection threshold for DPQAE depends alnost entirely on
noise floor and sensitivity of the neasuring equipnent

(Lonsbury-MNartin et al. 1990).
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Various investigations has been done to study about the
variations on anplitude of DPOAE as a function of frequency

and intensity.

I n cormon | aboratory ani mals, DPQAE anplitudes were of
30-40 dB less than stimulus level (KKm et al. 1980;
Wiitehead et al. 1991). It was noticed that DPOAE anplitude

varied with stinmulus |evel.

In a study done by Gaskill and Brown (1990), it was
noted that anplitude of DPOAE (LDP) varied according to

stimulus level variation. The variations used in the study

wer e

(LI and L2 are levels of the primnaries)
L1 - L2 =-10

L1 - L2 = -5

L1 - 1L2=0

L1 - L2 =5

L1 - L2 =10

They found that stinulus |evel dependent effects on LDP were
| ess obvious when L1 was held stationary. They concl uded
that LDP was nore dependent on L1 than on L2. They al so
noted that highest LDP was obtained L1-L2 condition. LDP was

affected nore for negative L1-L2 thempositive L1-L2 val ues.

Study done by Rasmmssen et al. (1993) also showed

simlar results. LDP gradually increased as the negative L1-
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L2 val ues approached zero, and the rate of reduction of LDP
inrelation to negative value of L1-L2 was substantially
greater at higher frequencies. AT 6-8 KHz, DP anplitude were
at least 5 dB above the noise floor, for input level of 35 dB
and higher. At 56 KHz, their response were above the noise

floor even at input |evel of 5 dB SPL.

The result of detailed studies in rabbit further showed
that the optimal L1-L2 decreases wth increase in stimlus
intensity (Witehead et al. 1990). Because of lack of
conposite know edge concerning the testing of DP in hunmans,
the levels of prinaries are typically equated (L1=L2) and
restricted to < 90 dB SPL (Harris, 1990; Kinberly and WI son,
1989) .

The single nost inportant variable for discrimnation of
norrmal hearing from hearing-inpaired status is the DP
anplitude at 60 dB SPL (L1) for the frequency associated wth
the predicted puretone threshold (Kinberly, et al. 1995).

Vari abl es affecti ng DPOAE

Vari abl es affecting the DPOAE responses in humans can be

classified into, the factor related to test which consist of
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primary tones (Lonsbury-Martin et al. 1990), the relative
|l evel of the primary tone (Schl ot h, 1982) and ot her
procedural factors and other being the factor related to
subject like integrity of ME (Lonsbury-Martin et al. 1990).

Integrity of cochl ea (Kinberly and Nelson, 1989); Age
(Lonsbury-Martin et al. 1991).

Test related vari abl es

1) Stimulus level : The anplitude of distortion products is
dependent on the anplitude of the primary stinulus
(Lonsbury-NMartin et al. 1986). Study done by Gaskill and
Brown (1993) showed that acoustic distortion generated by
relatively low stimulus Ievel can be neasured from the
adul t ear. DP generated stimulus |level of 60 dB SPL and
bel ow showed saturating growth (Bonfils, et al. 1994). DP
elicited by low levels {< 60 dB SPL) stimuli display a
differential dependence in stimuli paraneter to those
evoked by high level (>60 - 70 dB SPL) stinuli, indicating
the differences in the underlying generating nechani sm
(Witehead et al. 1992). The physiological vulnerability
of these DPs in rodents is |evel dependent, such that the
DP evoked by low level stimuli (<60 - 70 dB) considerably
nore susceptible to trauma than those evoked by high |evel

stimuli (Norton and Rubel, 1990).
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Brown (1987) observed that DP evoked by |ow |evel
primaries disappeared very rapidly upon induction of anoxia
and showed no recovery. DPs-evoked by high level primaries
denonstrated a much slower tinme course (Brown, 1987; Norton
and Rubel, 1990).

At lowlevel, DP grows at rate of 1 dB/dB in adult

humans (Popel ka, Gsterhammel, Rasnussen, 1993). For hi gher
| evel s, the neasurenents likely are influenced by process
that may not involve OHC system exclusively. But for Ilow

| evel signals upto 60 dB SPL, the neasurenent presunably
reflect netabolically active non-Ilinear cochl ear process
associated with OHC (MIIls, Norton and Rubel, 1992, 1993). A
conpoundi ng factor is that the cochlear process of concern
are associated nore with processing of low level signals

(Dalls and Martin, 1994).

For stimulus well below 60 dB SPL, Gaskill and Brown
(1990) suggests that DP neasurenents using low |evel
stimulation could formthe basis of an objective neasure of

cochl ear function in human subj ects.

DP elicited by primary stimulation with intensity of 72

dB SPL do not permt sensitive test to separate the subject



24
with hearing |level above or below 30 dB HL (Martin, et al.
1986). DP emssion elicited by primary stimulation intensity
of 42 dB SPL permt obtaining a sensitive test. But
specificity of the test is reported to be poor. DP elicited
by primary intensity of 52 and 62 dB SPL permt obtaining
nost sensitive test. Best results reported were to be

obtained with primary stimulation level around 52 dB SPL
(Bonfils and Avans, 1992).

In conclusion, the levels of fl conpared to f2 have been
| ess thoroughly examned hunman ears. However findings in
animals (Wederhold, et al. 1986; Witehead et al. 1990) and
other theoretical consideration suggest that prinmary |evel

are nost effective when fl is 5-10 dB greater than f2 i.e.
(L1>L2).

(2) Frequencies

A study by CGorga et al. (1993) conpared the TEQAE and
DPQAE responses. |t was observed that there was better
performance at and bel ow 1000 Hz for TEOAE conpared to DPQAE.
But at and above 4 KHz, DPQAE responses were better. Poor
| ow frequency responses were attributed to 2 causes (1)

Anbi ent room and breat hi ng noi se which consist of |ow
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frequency energy and (2) Mddle ear may transmt |ess energy.

Both in forward and reverse direction at |ower frequencies.

Lonsbury-Martin and Martin (1991) studied DP |level for
6-8 KHz region tended to be lower for older subjects. DP
were detectable for all the subjects from58 KHz. At around
1300 Hz, there was a snall elevation where a maxi num DP were
seen which were 6-12 dB SPL for children and 2-9 dB SPL for
adults. Study done by Sanders et al. (1983) indicated that

occurrence of growth of DP level was highest in 2.8 and 4 KHz

bands.

The ME transmssion and cochlea ability to produce
distortion are relatively constant across the frequency range
of 1000-8000 Hz. DP data for |lower frequencies were
characterized both by higher threshold and I|ower anplitude
for suprathreshold. However noise levels were not likely to
i nfluence anplitude for higher |level prinmaries where |arger

SNratio was achieved (Gorga, et al. 1993).

Probst and Harris (1989) studied the growh function of
DP in frequency region of 1, 2, and 4 KHz. The growth
function of DP were not significantly steeper at 1-2 KHz, but

becane steeper at 4 KHz.
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3. Frequency ratios |£2/£l)

Frequency separation of the prinmary tones is a principle

factor in determning DP anplitude

Previous studies have suggested that an f2:fl ratio
around 1.2 results in the highest anplitude of 2fl-fl DP.
f2:fl ratio reported as optimnal in humans were 1.22
(Harris, et al. 1989; Bonfils, et al. 199..) and 1.23
(Gaskill and Brown, 1990).

Study done by N elsbn, Popelka and Rasnussem (1993)
conpared the DP responses by varying f2:fl ratio from1.15 to
1.40. The results showed that DPQAE were di scrimnable above
the noise floor in all ears at all test frequencies and
anpl i tude was consi st ent between 1.20 and 1.25 at nost
frequencies. Lator studies showed that maxi mum DP anplitude
for low frequency emssions were evoked with larger (1.26)
f2/fl values and at relatively high stinulus |evel, whereas
the largest high frequency DP were noted for smaller (1.19)

f2/fl ratio when low level prinmaries were used (WIson,
1980) .

Primary tones when situated in the nost sensitive

frequency range extending from 56 KHz to 11.3 KHz, the
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optimal ratioof f2tofl was 1. 25. However for frequenci es

in lesser than 5-6 KHz, a separation of fl and f2 that was

slightly greater was needed to produce 30 dB SPL em ssion

(Hures, 1980).

Subj ect vari abl es

(1) DPQAE and puretone threshol ds

Initial studies done on TEQAE shows that ear associated
with puretone threshold of less than roughly 30 dB H

general | y produced an emssion (Bonfils et al. 1988) .

Many studies have been done on DPQAE which shows
correlation between the 2fl-f2 DP detection threshold and
hearing threshold at the frequency corresponding to the
Ceonetric nean (Martin et al. 1988; Lonsbury-Martin and
Martin, 1986; Gaskill and Brown, 1990).

First as reported by Kinberley and Nelson (1989) and
Lonsbury-Martin and Martin (1990) . There is a high
correspondence of DP threshold wth PTT. DP  threshold
appears to provide the nobst consistent correspondence with
audionetric contours. A general equation to describe

rel ati onship between ADP |evel and auditory sensitivity has
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been derived by many others (Kinberley and Nelson, 1989;
Probst and Hanser, 1990). But the conpl ex dependence of ADP

| evel s on stimulus |evel would not allow an equation desired

at one particul ar | evel to predict threshold from ADP
neasures at other stimulus level (Gaskill and Brown, 1990).
And ot her vari abl es like differences in M transmtter

characteristics, presence of strong emtting cochlear region
or spontaneously emtting cochlear region nake it unrealistic
to use general equation to predict auditory threshold

(Gaskill and Brown, 1990).

The DPE features such as DPE anplitude for stinulus
| evel of 65-75 dB SPL correlate well with puretone threshold
at associ ated frequencies (Lonsbury-Martin and Martin, 1990).
According to Gaskill and Brown (1990), the presence of DP
that are produced by high level stimuli may not correspond
well with hearing sensitivity. DP generated with |ower |eve
puretone nmay approximate audionetric results nore closely.
Leonard (1990) also showed that DP threshold in nornmnal
hearing subjects occur at or below |levels of 60-65 dB SPL for

equal prinmaries.

Many studies has shown variation of DP anplitude which

correlates wth variation in audionetric threshol ds. DP
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anpl i tude decreases as audionetric threshold increases
at least upto audionetric threshold of 25 dB which is

consistent with the observation at 4 KHz and 8 KHz (CGorga,
Ber gman, 1993).

Kemp et al. (1986) reported DPOAE nmeasurenents in ears
with high frequency hearing |osses. In these cases, the
DPQAE anplitudes were significantly snaller than  norna
val ues at frequencies where hearing thresholds were better
than 30 dB HL. In another study of DPQAE, Harris (1990)
reported systematic results with high frequency hearing | oss.
H s study showed that if hearing thresholds at predeterm ned
frequencies were better than 15 dB HL, DPQAEs were al ways
detected. However, emssions were absent or attenuated if

behavi oural threshold exceeded 50 dB HL.

Harris (1990) describe the relation between DP
threshold, anplitude and audionetric threshold in 20 normal s
and 20 hearing-i npaired. Results showed subjects with
hearing loss typically had higher DP threshold and | ower
anpl i tude responses. However, Allen and Lewtt (1922),
showed that measurenents can distinguish normal and heari ng-

i npai red subject for higher frequencies, once the hearing

| oss exceeds about 20 dB HL.
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In many studies it has been suggested that absence of
em ssions always indicate a noderate to severe hearing |oss
(Bonfils and Uzeil, 1989; Probst, et al. 1990). Em ssi ons
are reduced or absent in cochlear hearing loss of at |east 30

dB H. (Kenp et al. 1986) or even 15 dB (Collet and Morgan,
1991; Prost et al. 1990).

The accuracy wi th which DP neasurenents identify hearing
|l oss as a function of frequency still remains undeterm ned
(Harris, 1990). Correlation between hearing | oss, anplitude
and threshol d suggest that performance will be poorest in |ow

frequencies (Martin et al. 1990) .

Ef fect of external ear

Pressure on the ear canal was found to have a slight
i nfluence on the spectral content of the response. At
anbi ent pressure a typical response would be distributed
about a nedian frequency of 1.7 KHz,. Wth increase in
positive or negative pressure, frequencies in the spectrum
were systenatically displaced to higher frequencies of

approximately 1.5 Hz/dapa (Gl nman and D rks, 1980).
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Wen using DP probe, distance of speaker source tube
fromeardrumal so has its effect (siegal, 1994). In adult,
the frequency at which cancellation is greatest at DP probe
mc varies greater across ears, but it is usually at 3.5 and
7 KHz. In contrast, near the eardrum cancellation occurs at
a frequency above those typically wused in DP studies and has

little effect on stimulus SPLs bel ow 9 KHz.

Anplitude reduction wth increasing age has been
attributed to the small size of infant ear canal (Kok, et al.

1992) .

Study done by GChavy and Lekas (1993) showed that the
total nunber of ears passing OQAE examnation increases from
76%to 91% after debris was renoved fromthe ear canal, thus
debris can attenuate QAE signal. A larger inprovenent of 3.5

dB occurred in there ears.

Ef fect of MeE

Experience with sound elicited emssions in both TEQAE
and DPOAE, have to performa 2 fold pass through the mddle
ear. This neans the stimulus sound comng into the cochlea
Is highly dependent on the forward transfer function of the

ME nechanism and this is also true for elicited em ssion on
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its retransmssion to the ear canal. For these sound
elicited emssions, the loss in energy transfer wll be 2
fold because the stimulus as well as the retransmtted
emssion will be affected by the |less conplaint ME system
Even very snall pressure difference anong tynpanic menbrane

may change the size of EQAEs (Gsterhamel, Nel sen and
Rasmssen, 1983).

The emssion level of QAEs is greatest at anbient ear
canal pressure. The rate enmssion level decreases as a
function of ear canal pressure. Previ ous investigation have
reported that emssion level increases at a constant rate (in
dB/dB) for levels ranging from0-20 dB. And at rmuch sl ower
rate at higher levels (Kenp, 1978).

Wada, Chyana and Koike (1995) studied relationship
bet ween frequency of DP and resonant frequency of mddle ear
and relationship of DP level and ME nobility. The highest DP
| evel were detected at primary F2 frequency higher than 5
KHz. Before nmeasurenents it was expected that the DP | evel
woul d be largest when <cubic distortion frequency 2fl-f2

coincident with mddle ear r esonant frequency.
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Conparing the DP neasurenent result wth those of M
frequency characteristics, it is revealed that the drastic
increase in the DP level at primary f2 frequency |lower than 1
KHz after tynpanic bulla perforation and follow ng upward
primary f2 frequency shift of DP peak level with an increase
in the dianeter of the hole were coincident with resonant and

shift of ME due to manifestation of the tynpanic bulla.

DPQAE |l evel was largest at prinmary frequency around 1.2
KHz with nearly considered with resonance frequency of mddle
ear. DP level decreases wth an increase in prinary f2
frequency upto 3 KHz then increase upto 8 KHz. Afterwards,

the DP | evel decrease sharply with increase in the frequency.

DP anplitude is affected rather nore by negative ear
canal pressure (5 dB/ 100 dapa), than by +ve ear canal
pressure beyond 100 dapa tend not to affect the DP anplitude
(Gsterhammel , Nel son, Rasnussu, 1933).

Presence of SQAE

Kok (1994) suggest that large prevalence of SQAE is one
of the reasons for the high level of TEQAE on healthy

newborns. Even in pretermneonates, ears with SOAE had a



34

statistically larger anplitude than ears w thout TBDAES
(Bonfils, et al. 1992).

In human data, the o/p of DP is strongest when the DP
rather than prinmary tones lies at the frequency of a strong
spont aneous em ssion (WIlson, 1980; Wt, et al. 1981). Wer
et al. (1986) found DP near the original frequency of the
SQAE to be still larger by 10 to 20 dB than they were 100 Hz
away fromthis region. For any given DP stinulus situation,
the likelihood that the frequencies of fl/f2 or DP correspond

closely to the known frequency of SQAE was quite | arge.

Mulin et al. (1992) reported that in humans DP show
hi gh frequency anplitude and | ower detection threshold when
recorded in the vincity of an SQAE and SQAE can affect the
position of notch in DP 1-0 function. The primary levels
I ncrease, SQOAE anplitude and frequency decrease DP response
qui ckly disappear into the noise floor. DP 1-0 function
present notches near the SQAE frequency, lower the prinmary

| evel where the notch appears (WIson, 1980).

Dr ugs

The influence of anesthesia on the acoustic response was

highly variable and this was attributed to the changes in the
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mddl e ear pressure which are known to acconpany inhal ation
of anaesthetic gases. Thus absence of detectable response in
these circunstances may be an I ndi r ect consequence of
anaesthesia rather than in duration of cochlear dysfunction

(Robi nson and Hanghton, 1991).

Gowh rate of TEQAE and DPQAE was studied as a function
of increased quinine concentration. Magni t ude decrease was
substantially larger for TEQAE than for DPQAE. DPQAE shift
was | ess than the band pass filtered TEQAE response, although
the typical growth rate for DPQAE was 0.7 -0.8 dB/ dB bel ow 75
dB SPL (Lonsbury-Martin, et al. 1990). The induced OHC
pat hol ogy did not change DPOAE above 60 dB SPL, but a

di stinct reduction nmean seen bel ow 60 dB SPL.

The effects of anesthesia on DP anplitude are shown on
rabbit. In all instances, regardless of the |evel of prinmary
tones, no difference between pre and post anaesthesia state

occurred for any of the DP responses (Brown, 1987).

Hypoxi a and Anoxi a

Changes in DP anplitude were seen within 10-20 m nutes

of turning of the artificial respiration. Hypoxi a eventul |y
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resulted in the loss of DP 2fl-f2 produced by primary tones
of lowto nediumlevels. The recovery of DP anplitude was

also quite rapid (Norton and Rubel, 1990).

DP evoked by very low |level prinmaries disappeared very
rapi dly upon induction of anoxia and showed no recovery. The
DPs evoked by high level primaries denonstrated a nmuch sl ower
time course. The extrenely rapid decrease of |ow | evel DPs
observed in Gebrils and Rabbit upon reduction of 02 supply
(Brown, et21 1987)

Cender difference

The results of nunber of survey  studies have
denonstrated that SQAEs are nore common in females than in
mal es. Specifically, there is a greater preval ence of SQAE
ini.e. greater female subject possess SOAEs than incase of
males (Strickl et al. 1985; Bilger et al. 1990). Fenal es

denonstrate greater tendency to possess emssions bilaterally

t han do nal es.

In the study done by Yasneen (1996) on 54 subjects age
ranging from 50 days to 28 years. It was seen that younger
group (below 8.11 yers), fenales showed hi gher TEQAE em ssi on

than mal es. However, in a study done by Lonsbury-nmartin
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and Martin (1990) on subjects age ranging from 21 years to
30 years, they found no significant difference in DPQAE

emssionin nales and femal e.

Age

Forward and reverse transmssion is influenced by nmany
properties, age being one of the inportant factor
(Lafreniere et al. 1991).

In a variety of aninmal species, the devel opnent of inner
ear preceds for a period after birth when both norphol ogi cal
and functional changes occur (Rubel, et al. 1984). In
contrast, the human cochlea is generally thought to reach
conplete structural maturation in last trinmester of pregnancy

(Bredberg, 1968; Lavl que-Rebillard, 1987).

The ear canal continues to mature in child upto 7 years
of age (Saunders, Kaltenbach and Rel kin, 1983). Devel opnent
of human cochlea, begin in the md basal turn and progresses
both apically and basally. It is conplete by 32 weeks of RCA
(Bredberg, 1968).

It is conceivable however, that functional changes nay
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occur in a period after birth also, in the human organ of
corti and that such changes may influence the evoked

emssions (Saunders, et al. 1983).

Structural differences (anatomcal) between children and
adult has been quoted by many authors. |In neonates, where
the dianeter of the canal is snmall and wall is conplaint, the
resonance gain is lower than that seen in adults (Saunder et
al. 1983). Ear canal length in neonates is shorter than that
of adult, and consequently has higher resonant frequencies
(Bredberg, 1968).

Many functional differences as function of increase in
age is also reported. Zimmerman et al. (1987) followed a
group of normal infants from birth to 6 nonths of age and
found that nost significant change in response pattern took
place during 1st 2 weeks of |ife. The emssions fromthe
adult ear is highly stable and contains energy  at
preferential frequencies in response to different stinmuli

(Blbergling et al. 1985).

D stortion products obt ai ned in neonates were
gquantitatively simlar to those of adults. Stinmulus spectrum
in low frequency region was flat in adult but steeply

attenuated in neonates, exhibiting stronger higher frequency



39

spectral conponents in 4-6 KHz, than adults (Lafreniere et
al . 1991).

Laskey et al. (1929), found average DP levels of 75 dB
SPL in neonates, over a frequency range of 500 Hz to 10 KHz
with f2/fl = 1.2 and primarily level of 65 dB SPL. This is

only 2.5 do above the DP |l evel evoked in adults.

The nmean stimulus level of 80 and 82 dB SPL for newborn
and adults respectively are conparable but the response
level s in the new borns are significantly higher (22 vs 11 dB
SPL). The reason suggested for this was may be small ear
canal volume in new born (Bray and Kenp, 1987). I n ot her
study done by Lasley, Perlman and Hecox (1992), they found
that DP data obtained for full term new borns and adult
normal hearing) were at conparable levels except at high

frequencies (9-10 KHz), adults 1-0 function were steeper than

new bor n.

Norton, Bargones and Riusel (1991) investigated the
appearance and maturation of DPOAE with response to higher
stimuli. The results showed that response appears 1st at 13-

14 days after birth. Response to |ower frequency did not
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appear until 18-19 days after birth and did not mature until

one nont h of age.

However, result of study done by Jacek Snurzynski (1994)
found that human active non-linear elenents wunderlying DP
generation function quite naturely in the 1-8 KHz region of

cochl ea at 33-34 week of PCA

I n neonates, the greatest anplitude were those generated
by the primary tone when F2 was at 2 and 6 KHz. At these 2
peaks DP of 17.8 and 22.4 dB SPL respectively was generated
(Marco and Morant, 1995). Snurzynski et al. (1993) reported
about 20% of preterminfant ears without ME effusion had Es
hi gher than 90th percentile of the full termnewborn, nostly
in 228 to 4 KHz region 69% exhibited DPOAE close to or

hi gher than the top of normal range in 4 KHz region.

Many studies were conducted to investigate how DPQAE
response change across the age. Several earlier studies were
done using em ssion type I ncl udi ng spont aneous and
transiently evoked QAE. Bonfils (1989) determned that the
prevel ance of SQAE decreased progressively from 31 years to
50 years. Simlarly, the results of the Bonfils et al.
(1988) study of transiently evoked otoacoustic emssions in

aging ears supports the finding of previous study. TEQAES



41

were detected in all subjects under 60 year old. A simlar
age related increase in emssion detection threshold was
identified in that, thresholds increased at a rate of

approxi mately 7-10 dB for decade.

The systematic effects of aging on characteristics of
i/o function was examned on subjects ranging from 31-60
years by Lonsbury-Martin et al. (1991). The influence of
subjects age on DPQAE anplitude on a function of primarily
tone level was that, aging systematically affected higher
frequency emssions. There is a clear tendency for the
oldest ears to generate smallest DPQOAEsS particularly at

hi gher frequenci es.

In the same study, they found age-related increase in
detection thresholds. The results showed that frequencies
that were expected to be nost affected by the aging factor
i.e. greater than 2 KHz thresholds increased about 0.5 -0.75
for year, over the 31 to 60 years age range and DP magni t udes

decreased by about 0.3 dB especially for frequencies > 3KHz.

Robi nette (1992) conducted on exhaustive study on age

differences sequentially in dB SPL across age groups. It was
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found to vary as 9.7 for 20 to 29 year old group to 7.2 dB

for 60 to 80 year old age group.

Norton and Wden (1990) sunmarized the finding wth
regard to devel opmental changes in TEOAE
(1) Anplitude reduces with age (Bray and Kenp, 1987).

(2) Energy spectrum tends to shift to Iower frequencies

(Kenp, Ryan and Bray, 1990).

to increase wth age (Johnsen and

(3) The latency tends
El berling, 1983).

(1994) conducted study of reproducibility

Engdahl et al.
3, 6 and 12 months). The

of TEOAE in the 1st year life (at
amplitude was found to reduce with age.
whose

In the study done by Yasneen (1996) 53 subjects

age ranged from 50 days to 28 years were tested for their age

rel ated changes.

The finding revealed the foll ow ng:

(1) 100% occurrence of emssion and the em ssion anplitude

were below 0.0 dB in 11.63% of the ears.
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(2) Em ssion spectrum became restricted in frequency with
I ncreasing age. The peaks in the wave form became w dely
spaced with increasing age.

(3) The average em ssion anplitude steadily decreased wth
age. But there is wide individual variability wthin age
groups.

(4) Background noise levels steadily decreased with age.

(5) The mean anplitude were found to be -

14.98 -> 0 - 1.17 years
14.02 -> 3.0 - 5.11 years
7.46 -> 6.0 - 8.11 years

There is significant reduction of anplitude when passing from

group Il (3.0 - 5.11 years) to group IlIl (6.0 - 8.11 years).

Martin et al. (1990) surveyed distortion product oto-
acoustic em ssions of 12 adults ranging in age from 21-30
years. One interesting finding uncovered in their normative
study was that, the ol dest i ndividual exhibited high
frequency deficits in DPOAE magnitudes. Thus, aut hor
suggested that the reduction in the anplitudes of the high
frequency DPOPAEs and the concomtant increase in detection
thresholds is due to aging effects. Moreover, it was also
noted that across all the young subjects, DPOAE anplitude
tended to decrease and detection threshold increase with age,

for the 2 highest test frequencies at 6 and 8KHz. Both sets
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of findings concerning the relation of age to high frequency
em ssi ons suggested that acoustic distortion products nmay be
highly sensitive to the effects of aging on cochlear

functi on.

Further, DPOAE were examned wth clinically norma
hearing ranging in age from 31 to 60 years by Lonsbury-Martin
et al. (1991). Their study showed that, DPQAE audi ogram
depicting emssion anplitude in response to constant |evel
stimuli, on a function of frequency, showed that BPQOAE
magni tude decreased in an orderly manner (as age increased)
above 2 KHz. The /o0 function which displayed DPQAE
anplitudes as a function of prinmary tones |evels, also
denonstrated a progressive increase in detection threshold in
a systematic decrenent in response mnagnitudes, as a function

of age.

DPQAE represents the functional activity of OHC system
DPQAE has been reported to be sensitive to detect age induced
alterations to the CHC of aging humans with hearing |evels
within the range considered tobe clinically normal (i.e.,
better than 20 dB HL). It is necessary to establish wvalid
distinction between the effect of nornmal aging conpared tothe

pat hol ogi cal process on cochlear function. Above studies
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have reported age related changes with reference to the DPQAE

i n ol der group. Al so studies wusing other type of em ssion

(TEQAB) have shown age-related changes In young groups

(Bonfils et al. 1990; Norton and Wden, 1990; Yasneen, 1996).

This study was taken up with a principle aim to study the

age-rel ated ages of I nput - out put function in DPQAE in

children age ranging from (4-7 years).
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METHCDOLOGY

This study was takenup with an aimto establish input -
output function of distortion product otoacoustic em Sssion

and estimation of detection threshold in children.

Subj ect s

A total of 30 subjects were takenup for this study.
These subjects were in the age range of 4 - 7 years, grouped
as Qoup | - 4-5years; Goup Il 56 years; and Goup Il 6-7

years.

Oiteria for selection of subjects

1. Subjects should have puretone thresholds of |ess than 25

dB HL in the frequency range of 250 Hz and 8000 Hz.

2. Subjects should have 'A type tynpanogram and acoustic

refl exes should be present.

3. Subjects should not have any known otol ogi cal problens or

h/ o otol ogi cal problens.
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| nstrument s

1) Pure tone audi oneter

A 2 channel clinical audionmeter Madsen OB 822 with TDH
39 earphones with MX-41/ AR ear cushions was used to assess
t he behavioral thresholds of all the subjects. It was

calibrated to study as per the reconmendati on of ANSI (1969).

2) Immttance evaluation : A screening Immtance Sienens
Hand tynpan 23002 was used to assess the mnmddle ear

functions of the subjects.

3) DPOAE Measuring System

The DPOAE neasuring system called Bio-logic Scout DPOAE
systemwith software version 1.1, was used for the purpose.
The system allows for the user specifications to be used in
testing for a nunber of parameter. Wth reference to the

study, the follow ng val ues were set up.

Di splay type

The display was set to input - output function. Setting

plot the distortion products enmssion level in Y-axis, as a
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function of equilevel stimuli delivered from70 dB to O dB

in 10 dB steps.

L1 and L2 Levels

This refers to the intensities of the stinmulus. 1In this
study, L1 and L2 (Intensities of the primaries) was kept
equal . DPQAE were tested at the primary levels (LI and L2)
ranging from70 to O in 10 dB steps at 2fl-f2 DPQAE

f requenci es.

Frequencies of the primaries

The anplitude of 2fl-f2 were determned in frequency

regi on 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz.

Tabl e-3.1: Frequencies and geonetric nean of 2fl-f2 of the
stimulus prinmaries.

Fl (Hz) F2 (Hz) GM (Hz)
415 488 450
855 1025 936

1660 2002 1823

3296 3955 3610

6665 8008 7306

For convenience, in the study, |QO0OOH, 2000 Hz, 4000 Hz and
8000 Hz is used.
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f2/fl ratio

Ratio determnes the frequency separation of the 2
primaries. So far, the research has reported that nmaxi num
distortion is produced at f2/fl ratio of about 1.22. hence

f2/fl ratio of 1.2 was used.

SNratio

It is one of the criteria for determning when to stop
averaging. The ratio of DPOAE level to noise |level was set
to + 3 dB.

Token buffer size

This was set to 2048, which is at default setting.

TEST ENVI RONVENT

The tests were carried out in a sound treated room where
the anbient noise level neasured was wth in specified
limts. The test room had adequate lighting and was at

confortabl e tenperature.
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The subjects were provided with a confortable chair to
sit on during the test. They were not required to do any
t ask.

TEST PROCEDURE

Al'l volunteers were tested for their puretone thresholds
In both ears using a 2-channel clinical audioneter (Qbitor-
922). The frequencies tested were 500 Hz, 1000 Hz, 2000 Hz,
4000 Hz and 8000 Hz. Any volunteers wth thresholds greater

than 25 dB HL at any frequency were rejected.

Subj ects who had thresholds within 25 dB H. were then
tested for tynpanograns and reflexes in both ears. ly
subjects wth Atype tynpanogram and acoustic reflexes were

tested further.

Subjects who fulfilled both these criteria were studied
for their distortion product otoacoustic emssion. The test
consi sted of 3 phases which was done in the follow ng order.

(1) Check fit

The probe was fitted and subjects were institute not

to move. A transient stimuli was presented to the ear and
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t he measured responses was displayed as a spectrum and
waveform If a correct waveform (as shown in fig. ) was
not obtained, then probe was taken out, checked for debris

and refitted. The ' check fit' phase was redone.

(2) Calibration

In this phase, the stimulus sources were calibrated.
The system response of each of 2 loud speakers necessary to
provide the stimulus were neasured and displayed. |If the 2
responses overlapped, then it is indicated that the systemis

calibrated. (Fig. see in 51 (a) and 51 (D).

(3) Measurenent

In this, stimuli were presented and DP em ssions were
measured. Two primary tones fl and f2 were generated by 2
channel frequency synthesizer and were mxed acoustically.
DPOAE 1-0 function were generated for primary |evels varying
from70 dB to 0 dB in 10 dB steps. The 2fl-f2 anplitude was
plotted in dB SPL in Y-axis as a function of the intensities
of primaries in X-axis, thereby obt ai ni ng I nput - out put
functions. Anplitude of 2fl-f2 and anplitude of noise floors

were determned for each levels of the prinmaries. This
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procedure was carried out for frequencies 1500 Hz, 2000 Hz,
4000 Hz and 8000 Hz.

Statistical analysis

The paraneters considered are the intensities of
primaries, anplitude of the DPQAE at a given frequency and
t he DPQAE detection threshol d. They were obtained for
frequenci es 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz statistica
techni ques were then applied to determne if there is any
significant difference existed between 3 age groups. The
statistical procedure used included calculation nean and
standard deviations. The procedures used for conparing the
DPQAE in children across the 3 age groups involved using the

‘t' test of significance.
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RESULTS AND DI SGUSS| ON

| nput - out put function of DPCAE was studied at
frequencies 100 Hz to 8000 Hz in 30 children in the age range
of 4 years to 7 years. Qoup | (4-5 years), Goup Il (56
years), Qoup Il (6-7 years).

Maxi mum Anpl it ude

Mean, SD and range of the DPQAE anplitude wth stinulus
level at 70 dB Hz was obtained for 3 groups across
frequencies from 1000 Hz to 8000 Hz.

Tabl e-4.1: DPQAE anplitude with stinmulus level at 70 dB H
(L1-L.2 = 70 dB HL) for children with age range 4-5

years.

Frequency (Hz) Mean (dB) SD (dB) Range (dB)
1000 5.04 2.9 3.1 - 12.0
2000 12. 3 4.6 4.5 - 14.5
4000 28. 1 9.5 10.9 - 40.7
8000 19. 94 9.2 10.4 - 37.8
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Tabl e-4.2: DPOAE anplitude wth stimulus level at 70 dB HL
(L1-L2 = 70 dB HL) for children with age range 5-6

years.

Frequency (Hz) Mean (dB) SD (dB) Range (dB)
1000 8.16 8.9 -7.5 - 16.9
2000 16. 74 7.57 6 - 20.8
4000 19. 4 6.9 -4.2 - 28.0
8000 17. 36 8.3 9.1 - 34.1

Tabl e-4. 3: DPOAE anplitude with stimulus level at 70 dB HL
(L1-L2 = 70 dB HL) for children with age range 6-7

years.
Frequency (Hz) Mean (dB) SD (dB) Range (dB)
1000 9.06 5.4 2.2 - 18.0
2000 13.1 4.8 4.3 - 19.4
4000 18. 66 6.6 8.1 - 30.3
8000 15. 04 4.1 9.8 - 22.5
It is noticed fromthe table (7, 8 and 9), there is a

steady increase in maxi mum  anplitude with increase in

frequency from 1000 Hz to 8000 Hz, with a peak at 4000 Hz.

Gr.4,1;Maximum Amplitude for 3 groups
across frequencies

30 Maan Maximum Amplitude In 8

1 OO OO OO Ot
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It is also noticed that nean maxi num anpl i tude decreases
as age i ncreases. The anplitude decreased fromGoup | (4-5
years) to Goup (IIl) (6-7 years) in all the frequency region
except for 1000 Hz. The anplitude at 1000 Hz sees to deviate
fromthe trend. A drastic decrease in the anplitude at
1000 Hz in G oup I when conpared to Goup Il and Goup I11I.
This decrease can be attributed to the increase in the noise
floor level. The noise floor decreased from-12.67 to -26.7
as age increased in 1000 Hz region. A study done by Rahul
(1996) on 30 children (age range 2 to 12 years, nean age 7.7
years) shows a simlar Increase in noise floor at |ow
frequencies. It was seen that DPQAE at |ow frequencies
especially at 1000 Hz and 500 Hz were equal to or less than

noi se floor |evels.

In other frequency region, the increase in naxi mum
anpl itude in younger age Goup (4-5 years) can be attributed
to snmall ear canal volune. |In the study done by Feign, Kapin
and Stel machowicz (1989), it was found that infants and
younger children (upto 5 years) had higher ear canal sound
pressure |l evel when conpared to older group (age range 6-12
years). t-test of significance revealed that thre is no
statistically significant difference in terns of maxi num

anpl i tude across frequenci es.
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On application of t-test of significance it was seen
that there was no significance difference between nales and

females in terns of maxi num anplitude.

Gr.4.2: 17/p & O/p slop for 3 groups for
- 800Q Hz :

20 DPOAE amplituts In dB

° 20 30 40 g0 60 70
Intensity in dB

—— 4-5 yoars —— §-0 voara —* 8-7 years
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for 4000 Hz

aq DPORE amplltus In 48

=40 | 1 ! 1 i

10 20 a0 40 60 80 70
Intensity in dB

—— 4-8 years —— §-8 ynars g7 yesrs



57

Gr.4.4=l/f: & O/p slope for 3 groups
- for 2000 Hz
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Sl ope

Intensity increased, the anplitude of DPQAE i ncreased.
Fromthe graphs (4.2 to 4.5), it was noticed, that this trend
is true for all the frequenci es. In a simlar study done by
Lonsbury-Martin et al. (1990) on subjects age ranging from 21
to 30 years and by Lonsbury-Martin et al. (1991) on subjects
age ranging from 31 years to 60 years, it was found that
there is a steady increase in DPOAE anplitude as the
intensities of primaries increased. In a study done by Rahul
(1996), on 30 children age ranging from2 to 12 years, DPQAE
anpl itude obtained at 50 dB HL and 70 dB HL was conpared, it
was seen that higher nean |evel of DPQAE, was obtained for
hi gher intensities i.e. at 70 dB, consistently for all the

age groups.

The rate of growh for low level stimulus was nore
conpared to high level stimulus. In Gaphs (4.2 to 4.5), it
Is noticed that growth was steeper for |ow Ievel stinulus,
sl ope becane shall ower as stimulus |evel increased from 50 dB
SPL simlar results have been reported by Kinberley and Nel son
(1992) and Popelka et al. (1993). In their studies, they
found a gradual plateau for signal |evel between 40 and 60 db
SPL. In a study by Lonsbury-Martin et al. (1990) on his

subject age ranging from21 to 30 years, observed that there



59

Is slowing of growth of DP magnitude for stimulus |evel 60 dB

and above.

It was also noticed that there was no statistically
significant differences between nales and fenal es across al

f requenci es.

Gr.4.8:Dp-Nf difterences for 3 groups
at 8000 Hz
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Gr.4.7: Dp-Nf diferences for 3 groups
at 4000 Hz
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Gr 4.9; Dp-Nf difference for 3 groups
&t 1000 Hz
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Gaphs (4.6 to 4.9 shows distortion product and noise
floor level differences. Sope of this difference is simlar
to the slope of DPQAE anplitude obtained. It is noticed that
as intensity increased, the difference also increased. It is
al so noticed that, slope obtained for Iow |level prinaries was
steep, which gradually becane shallow as the level of

primaries increased from 50 dB HL.

Gaph (4.9) shows the differences at 1000 Hz region. It
Is noticed the slope for low level primaries of Qoup | (4-5

years) falls below the slope of Goup Hand Goup IIl. This
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is attributed to increase in the noise floor |evel. However,
at higher intensities of primaries, slopes obtained for

Qoupl is simlar to Goup Il and Goup II1.

Det ection threshol d

Mean, SD and range of detection threshold for 3 groups
across the frequency is represented.

Tabl e-4.5: Detection threshold (in dB SPL) in children of age
range 4-5 years

Frequency (Hz) Mean (dB) SD (dB) Range
Femal e WMhal e Feral e Mal e Feral e WMl e

1000 50 40 7.87 6. 22 30-60 20-50
2000 30 20 6. 97 4.99 10- 50 10- 30
4000 20 20 4.12 5.63 0-30 0-30
8000 20 20 4.9 4.62 10- 30 10- 30

Tabl e-4.6: Detection threshold (in dB SPL) in children of age
range 5-6 years

Frequency (Hz) Mean (dB) SD (dB) Range
Ferale Mile Fenale Male Fenmale Mile
1000 40 40 6. 92 9.3 30-60 20-50
2000 30 30 5.33 4.26  20-40 20-40
4000 30 20 6. 44 4.02 10-40 0-30
8000 20 20 4.2 5.27 0-30 0-30




63

Tabl e-4.7: Detection threshold (in dB SPL) in children of age
range 6-7 years

Frequenc Hz Mean (dB SD (dB Range

q y () Fenmal e (NhPe Fenal e le Female Male
1000 40 40 8.32 7.33 30-60 30-60
2000 40 30 10.9 7.96 30-60 20-50
4000 30 20 7.37 6.4 10-40 10-30
8000 30 30 4. 32 6. 66 10- 40 0-40
Tabl e-4.5 shows, nmean, SD and range, of detection

threshold for children in the age range of 4-5 years. It was

observed that detection threshold decreased with increase in
frequency. Detection threshold became  poorer in the
frequency region of 1000 Hz. This can be attributed to
increase in the noise floor | evel s. The noise floor
decreased from-12.67 to -26.76 at 1000 Hz. A study done by
Wiitehead et al. (1993) showed that typical noise level in
adults ranged from -5 dBto -25 dB SPL above 1 KHz and

I ncreased considerably at and below 1 KHz for infants and

young chi |l dren.

Results obtained for children in the age range of 5-6
years (Table-4.6) and 6-7 years (Table-4.7) showed that the
detection threshold were slightly poorer in older children,
t-test was applied to check whether the differences were

statistically significant.
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Tabl e-4.8: Conparision of DPOAE detection threshold for 2
groups, 4-5 years and 5-6 years across frequencies

Frequency (Hz) t - val ues
Mal e Fenal e
1000 2.63* ' 1.71
2000 1.8 0.16
4000 1.6 1.30
8000 2.04 0.25

The differences found were statistically insignificant
except for females in 1000 Hz region. Thus, there is no
significant variation in the DPQAE detection threshold,
noving from4 years to 6 years.

Tabl e-4.9: Conparision of DPOAE detection threshold for 2
groups, 5-6 years and 6-7 years across frequencies

Frequency (Hz) t - val ues
Mal e Fenal e
1000 0.73 1.73
2000 0.45 2. 95*
4000 1.6 0.76
8000 1.44 1.41

The above table shows that the differences found were

statistically insignificant except for nmales in frequency
2000 Hz.
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Tabl e-4.10: Conparision of DPQAE detection threshold across
frequencies for age groups 4-5 years and 6-7

years
Frequency (Hz) t - val ues
Mal e Femal e
1000 2. 9* 2. 04**
2000 2. 8* 3. 46*
4000 1.25 1. 56
8000 1.29 1. 68

* significant at both |evels
** significant at 0.05 | evel

It is noted that statistically significant changes
occur in the frequency region 1000 Hz and 2000 Hz for nal es
and females. For frequency region of 8000 Hz and 4000 Hz the

changes are not statistically significant.

It is observed that nean detection threshold was better
in 4-5 years group in the higher frequency region |ike 1000
Hz and 4000 Hz than the older groups. But there was no
statistical significant differences between the Goup | (4-5
years) to Goup Il (5-6 years) and Goup Il (6-7 years). A
simlar result is also observed in the age group 20-30 years
done by Martin et al. (1990). It was noted that detection
threshold increased with age especially for test frequencies
at 4000 Hz and 8000 Hz.
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In the present study detection threshold increased from
Qoup | to Goup Il agreeing with previous studies which
poi ntsout the increase in detection threshold wth the
Increase in age (Lonsbury-Martin, 1990; Lafreniere, et al.
1991; Hecox, 1992).

t-test was applied to see whether there is any
signi ficant gender differences.

Tabl e-4. 11: Conpari sion of DPQAE detection threshold in nales
and fenal es.

Frequency (Hz) t - val ues
1000 1.09
2000 1.43
4000 0. 94
8000 1.03

The Table 4.11 shows there is no statistically

significant difference between nmales and fenal es.
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SUMVARY AND CONCLUSI ON

DPOAE enmissions are seen due to interaction of 2 tones,

separated in frequency by a given nunber, presented
simul taneously (Kenp, 1981). DPOAE are said to be affected
by age-rel ated changes. It is essential to establish if

DPOAEs can detect age related alterations to the OHC, as such

data is inportant with respect to determning the practical
useful ness of DPOAE measures.

This study was taken up in the aim of

(1) Qotaining 1-0 function of DPOAE in children that 1is to
study the detection threshold, maxinum anplitude and
sl ope.

(2) To docunent the age related changes.

(3) To docunent gender differences, if any.

In this present study, 30 subjects (15 males and 15
femal es) whose age ranged from 4 years to 7 years with normal
hearing were tested. DPOAE were neasured using the Bio-logic

Scout Plus System (software version 1.22) in a sound treated
room



68

The obtained data were subjected to statistical analysis

(mean, SD and t-test of significance).

The anal ysis revealed the fol |l ow ng

(1) DPOAB emi ssion were present in all the subjects,

(2) Detection threshold increased as age increased. There
was significant difference in detection threshold
obt ai ned between the age groups 4-5 years and 6-7 years.

(3) The average maxinum anplitude steadily decreased wth
age. The difference across frequencies were not
statistically significant.

(4) 1-0 slope showed that DPOAE anplitude increased wth
increased in stinmulus |evel.

(5) DPOAE amplitude increased wth increased in frequency
froml KHz to 8 KHz with a peak at 4 KHz.

(6) No significant gender difference were obtained.

The measured values can be used as a normative data and
thus can be wused as clinical t ool for screening and

di agnosti c purposes.
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Limtations of the study

(1). Age group undertaken is limted

(2) More nunber of subjects is needed to be studied

(3) 1-0 function in lower age group is needed to be
det er m ned.

(4) 1-0 function in hearing loss should be determned, to

know how it varies with different etiol ogies.
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